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PREFACE 

Seventeen  years  ago  the  first  edition  of  my  Handbook  of  Cost  Data  was 
published ;  the  second  edition  was  published  twelve  years  ago  and  has  not  been 
revised.  When  the  question  arose  as  to  whether  I  should  revise  the  Handbook 
of  Co8t  Data  now  or  produce  an  entirely  new  book  on  construction  costs,  I 
chose  the  latter  alternative,  for  the  following  reasons: 

Nearly  three-fourths  of  the  costs  given  in  the  Handbook  of  Cost  Data  are 
still  applicable  although  published  more  than  twelve  years  ago.  This  may 
surprise  many  people,  for  cost  data  are  commonly  supposed  to  be  ephemeral. 
But,  as  stated  in  the  prefaces  to  the  Handbook  of  Cost  Data  and  to  the 
Handbook  of  Mechanical  and  Electrical  Cost  Data,  unit  costs  can  be  so  stated 
as  to  be  applicable  for  a  century  or  more,  provided  the  methods  of  construction 
have  not  changed.  If  the  number  of  hours  of  labor  of  each  class  and  the 
number  of  units  of  materials  are  given  for  each  unit  of  construction,  then 
present  rates  oA  wages  and  present  prices  of  materials  can  be  applied  to  the  old 
data,  and  the  present  cost  of  construction  deduced. 

Because  of  this  fact  I  decided  not  to  revise  the  Handbook  of  Cost  Data  for 
a  few  years  longer,  but  to  produce  a  new  companion  book  under  the  title  of 
Handbook  of  Construction  Cost,  thus  preserving  fully  1,800  pages  of  usable 
cost  data  in  the  old  book,  and  adding  thereto  1,700  pages  in  this  new  book. 
The  owners  of  the  old  handbook  will  thus  find  no  duplication  of  data  in  this 
new  handbook  and  will  not  be.put  to  the  expense  of  buying  a  two  volume 
revised  edition. 

The  World  War  caused  a  great  rise  in  prices  and  wages.  So  important  did 
it  become  to  know  approximately  what  future  price  and  wage  levels  would  be 
that  I  decided  to  make  a  very  thorough  study  of  the  factors  that  affect  price 
and  wage  levels.  This  study  was  rewarded  by  the  deduction  first  of  a  price 
level  formula,  and  later  of  a  wage  level  formula,  both  of  which  are  discussed  at 
some  len^h  in  this  book,  where  they  are  shown  to  be  in  agreement  with  the 
facts  for  so  many  years  as  to  leave  no  doubt- as  to  their  substantial  accuracy. 

Several  political  economists  had  previously  announced  composite  price  and 
wage  formulas,  which  purported  to  give  a  weighted  average  of  commodity 
and  security  prices  and  of  wages.  My  engineering  training  enabled  me  to 
discern  that  since  the  wage  level  curve  had  risen  almost  uniformly  for  a  century, 
whereas  the  commodity  price  level  curve  had  oscillated,  no  formula  giving  a 
composite  of  wages  and  prices  would  be  of  any  value,  even  if  it  could  be 
deduced.  Accordingly,  I  devoted  myself  to  deducing  two  distinct  formulas, 
(me  for  commodity  price  levels  and  one  for  wage  levels.  The  first  of  these 
was  published  in  Engineering  and  Contracting,  April  7,  1920.  and  the  second 
August  3, 1921,  together  with  the  proof  of  their  substantial  accuracy. 

For  compiling  data  for  this  book  I  am  greatly  indebted  to  James  M. 
Kingsley. 

Halbbbt  p.  Gillsttb. 
Cbicaoo, 

&9Vl,  1,  1922. 
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CHAPTER  I 

ENGINEERING  ECONOMICS 

This  chapter  takes  up  briefly  some  of  the  principles  and  applicaticms  of 
engineering  economics.  Further  matter  on  this  subject  is  given  in  Section  I 
of  the  "Handbook  of  Cost  Data"  by  Gillette,  which  contains  112  pages 
dealing  with  the  principles  of  engineering  economics  and  cost  keeping;  and 
Chapter  I  of  the  "Handbook  of  Mechanical  and  Electrical  Cost  Data"  by 
Gillette  and  Dana,  which  contains  81  pages  on  general  economic  principles. 
"Construction  Cost  Keeping  and  Management"  by  Gillette  and  Dana  deals 
at  greater  length  with  the  particular  phases  of  engineering  economics  indicated 
by  the  book's  title. 

Engineering  is  the  systematic  application  of  science  to  problems  of  economic 
production  and  service.  The  engineer's  ultimate  aim,  therefore,  is  to  effect 
a  desired  result  at  a  minimum  cost  and  maximum  profit.  To  this  end,  where 
it  is  feasible,  the  engineer  should  formulate  a  unit  cost  equation  in  which  all 
dependent  variables  and  constants  are  included,  and  he  should  then  solve  for  a 
minimum  unit  cost.  But  whether  he  is  able  to  employ  this  Ideal  method  or 
must  use  cruder  methods,  he  must  eventually  express  all  the  items  in  terms  of 
money. 

Put  diflferently,  every  economic  problem  resolves  itself  into  the  determina^ 
iion  of  quantities  to  which  unit  prices  are  applied.  No  economic  problem 
can  be  solved  merely  by  the  use  of  qualitative  terms;  yet  many  a  poor  reasoner 
attempts  to  solve  the  most  complex  of  economic  problems  without  the  use  of 
a  single  item  to  which  a  definite  cost  is  assignable.  Volubility  is  vainly 
made  to  serve  instead  of  valuation. 

Imperfect  Coat  Data. — The  term  data  is  coming  more  and  more  to  designate 
statistical  facts  rather  than  qualitative  facts.  Cost  data  are  obviously 
essential  in  solving  economic  problems.  Yet  there  still  exists  a  prejudice 
against  published  cost  data.  If,  however,  each  engineer  were  to  rely  solely 
on  cost  data  gathered  by  his  own  meager  pickings  from  his  own  little  crab- 
apple  tree  of  experience,  economic  progress  would  be  decidedly  restricted. 
Accordingly  each  year  witnesses  more  complete  and  detailed  publication  of 
costs  in  most  lines  of  engineering  work.  It  is  true  that  many  of  the  cost  data 
are  incomplete,  or  insufficiently  explained,  and  are  therefore  apt  to  be  mis- 
leading. It  is  also  true  that  a  man  entirely  inexperienced  in  the  use  of  cost 
data  may  misinterpret  even  the  most  complete  data.  But  neither  the  deflci- 
ences  in  published  data  nor  defective  reasoning  in  their  application  should 
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serve  as  an  argument  for  restricting  the  publication  of  such  infonnatira 
In  spite  of  the  risk  of  misuse,  "  a  half-loaf  is  better  than  none."  Moreoye 
a  half -loaf  of  knowledge  on  a  given  subject  is  almost  universally  the  piecuiso 
of  a  full  loaf. 

Prices  and  Costs. — Price  is  the  quantity  of  money  exchanged  for  prop^; 
or  service.  Cost  is  usually,  but  not  necessarily,  expressed  in  terms  (rf  money 
and,  when  so  expressed,  means  the  money  outlay  and  debits  incurred  ii 
securing  property  or  aernce.  Cost  may  also  be  expressed,  at  least  partljf 
in  terms  of  hours  or  days  of  labor  required  to  produce  a  given  commodity  o 
service.  But  as  materials  that  have  been  purchased  usually  enter  into  th 
cost  of  a  product,  and  as  the  labor  upon  those  materials  is  often  unascertain 
able,  the  known  labor-cost  of  product  is  rarely  all  the  cost.  The  laboz 
cost  of  a  product  may  be  given  in  hours  or  days  of  labor  expended  upon  i1 
The  materials-cost  of  a  product  may  likewise  be  expressed  in  units  of  ead 
kind  of  materials  used. 

Although  the  money-cost  of  reproducing  a  given  product  or  service  var: 
with  current  prices  and  current  wage  rates,  the  labor-costs  and  the  materials 
costs  of  the  given  product  may  remain  the  same  in  different  localities  and  ii 
the  same  locality  at  different  times.  Indeed,  unless  methods  of  constructio] 
or  machines  change,  the  average  labor-cost  and  materials-cost  per  unit  of  pre 
ducts  or  service  may  remain  practically  unchanged  for  a  generation.  Whei 
this  is  the  case  the  present  cost  of  reproducing  a  given  product  is  ascertain 
able  by  multiplying  the  old  labor-cost  and  material-cost  by  the  present  rates  o 
wages  and  present  prices  of  materials.  In  other  words  old  money-costs  cai 
often  be  converted  into  present  money-costs  by  the  use  of  a  little  knowledgi 
of  prices,  wages  and  arithmetic. 

The  Usefulness  of  Old  Cost  Data. — Obvious  as  all  that  has  just  been  Bai< 
may  appear,  nevertheless  there  continues  to  be  some  criticism  of  "old' 
cost  data.  It  is  clear,  however,  that  part  of  this  criticism  springs  from  faUun 
to  distinguish  between  prices  and  costs.  Part  of  the  criticism  springs  fron 
belief  in  a  false  generalization  which  usually  takes  some  such  form  as  this 
*'  Modem  progress  is  so  rapid  that  cost  data  ten  years  old  are  inapplicable.' 
We  are  rather  proud  of  our  industrial  progress,  and  our  pride  has  perhapi 
concealed  from  us  how  slow  that  progress  really  is.  In  Chapter  II  it  is  showi 
that  during  the  years  1900  to  1919  there  was  practically  no  increase  in  pe 
capita  productivity  in  America.  Prior  to  1900  the  annual  increase  hac 
averaged  about  1.5  per  cent  for  40  years.  Surely  this  is  not  startlinglj 
great  industrial  progress  even  at  the  best  period.  In  the  face  of  such  fact 
what  becomes  of  any  sweeping  assertion  that  modem  progress  makes  uselesi 
all  cost  data  that  are  ten  years  old? 

When  a  generalization  is  shown  to  be  false,  it  is  not  only  natural  but  propei 
to  narrow  it  so  as  to  make  it  convey  truth  of  a  more  limited  sort.  Hence  thi 
attempt  may  be  made  to  qualify  the  generalization  by  confining  it  to  th< 
construction  field.  At  first  sight  it  does  look  plausible  to  say  that  construe 
tion  methods  and  machines  are  revolutionized  every  ten  years  or  so;  but  i 
little  study  of  engineering  literature  shows  that  even  this  qualified  generaliza 
tion  needs  further  qualification.  There  are  countless  instances  of  present  uat 
of  very  ancient  tools  and  methods  in  construction  work.  The  pick,  thi 
shovel,  the  cart,  the  wheelbarrow,  the  saw,  the  adz,  the  ax,  the  hanuner,  thi 
block  and  tackle,  the  inclined  plane,  the  lever  and  an  almost  endless  list  o 
primative  tools  still  find  an  economic  use,  and  most  of  them  prob^kbly  alwayi 
will  find  such  use. 
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The  introduction  of  the  method  of  chuting  concrete,  and  of  suitable  new 
devices  for  chuting  it  long  distances,  is  scarcely  a  decade  old.  But  concrete 
is  still  handled  in  ways  and  by  devices  that  are  several  decades  old.  Are  we 
not  apt  to  be  so  blinded  by  the  latest  devices  as  to  ignore  the  fact  that  many  of 
the  oldest  still  have  special  fields  of  usefulness  7  A  study  of  engineering  litera- 
ture convinces  me  that  we  are.  Mere  age,  therefore,  is  not  a  sound  reason 
for  not  studying  old  cost  data.  Frequently  the  best  articles  on  methods  and 
costs  of  construction  of  a  given  kind  are  the  articles  published  20  years  or 
more  ago. 

Often  an  old  article  fails  to  give  rates  of  wages,  but  gives  the  unit  cost  of 
labor.  In  such  cases,  the  reader  may  still  find  the  old  data  useful  if  be  knows 
approximately  the  prevailing  rates  of  wages  at  the  time  the  old  data  were 
gathered.  Accordingly  I  have  left  unchanged  in  every  case,  the  rates  of 
wages  that  were  actually  paid,  so  that  the  reader  can^  by  searching  this'  book 
and  the  Handbook  of  Cost  Data,  acquire  a  knowledge  of  what  were  the  pre- 
vailing wages  for  different  kinds  of  labor  at  different  times  and  places.  In 
order  further  to  increase  the  reader's  knowledge  of  wage  rates,  I  have  made  a 
study  of  "wage  indexes"  for  the  past  80  years.  This  study,  together  with  a 
formula  for  "wage  levels,"  will  be  found  in  Chapter  II. 

For  a  similar  reason  I  have  also  given  prices  of  materials  and  "  commodity 
price  levels,"  together  with  a  formula  for  "price  levels." 

Efficiency  tia  Affecting  Costs. — During  periods  of  rapidly  rising  wage  rates, 
employees  tend  to  become  less  efficient.  This  springs  from  the  fact  that 
employers  are  bidding  for  employees  to  such  an  extent  that  employees  take 
advantage  of  conditions.  Hence,  during  the  recent  war  there  was  a  falling 
off  in  labor  eflQciency.  But  labor  efficiency  has  returned  again  to  normal.  It 
follows  that  costs  of  work  done  during  the  years  1916  to  1920  inclusive  are 
not  so  reliable  as  prior  thereto,  becau.se  of  the  unknown  extent  to  which  labor 
efficiency  was  below  normal  during  those  five  years. 

Engineering  Bconomics. — The  following  reprint  in  Engineering  and 
Contracting,  May  30,  1917,  is  from  a  series  of  lectures  delivered  before 
the  students  of  the  School  of  Engineering,  University  of  Kansas,  by  J.  A. 
L.  WaddeU. 

Oeneral  Features  of  Engineering  Economics. — When  determining,  from  the 
standpoint  of  economy,  which  is  the  best  of  a  number  of  proposed  construc- 
tions or  machines,  one  should  compute  for  each  case  the  four  following  quanti- 
ties, and  their  sums: 

A.  The  annual  expense  for  operation. 

B.  The  average  annual  cost  of  repairs. 

C.  The  average  annual  cost  of  renewals. 

D.  The  annual  interest  on  the  money  invested. 

That  one  for  which  this  sum  is  least  is  the  most  economic  of  all  the  proposed 
constructions  or  machines;  but  this  statement  is  truly  correct  only  when  the 
costs  of  operation,  repairs,  and  renewals  are  averaged  over  a  long  term  of 
years;  or  else,  for  a  comparatively  short  period  of  time,  when  the  conditions 
in  respect  to  wear  and  deterioration  at  the  end  of  that  period  are  practically 
the  same  for  all  cases. 

The  principal  economic  investigation  that  occurs  in  engineering  practice 
is  that  of  determining  the  financial  excellence  of  a  proposed  enterprise.  It 
c<Mi8ists  in  showing  by  proper  calculations  its  first  cost,  the  probable  total 
umnal  expense  of  maintenance,  repairs,  oi)eration,  and  interest,  the  advisable 
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allowance  for  deterioration  or  ultimate  replacement,  the  probable  groas 
income,  and  the  resulting  net  income  that  can  be  used  in  paying  divldeodB 
on  the  stock  or  other  profits  to  the  promoters.  Whether  any  proposed  enter- 
prise, after  being  thus  figured,  will  prove  profitable  will  depend  greatly  on  the 
state  of  the  money  market,  the  size  of  the  project,  the  probabilities  of  future 
changes  in  governing  conditions,  and  the  personal  equation  of  the  investor. 
Generally  speaking,  if  the  computed  net  annual  profits  on  the  total  cost  of 
the  investment  (over  and  above  all  expenses  of  every  kind,  including  mainr 
tenance,  repairs,  operation,  sinking  fund,  and  interest  on  all  borrowed  capital) 
do  not  exceed  5  per  cent  of  the  said  total  cost,  the  project  is  not  attractive; 
if  it  be  as  high  as  10  per  cent,  the  enterprise  is  deemed  ordinarily  good ;  and  if 
it  be  15  per  cent  or  more  the  scheme  is  termed  "gilt-edged."  Small  projects 
necessitate  greater  probable  percentages  of  net  earnings  than  do  large  ones; 
and  any  possibility  of  a  future  reduction  of  income  will  call  for  a  high  estimate 
of  net  earning  capacity  Finally,  the  measure  of  individual  greed  on  the  part 
of  the  investor  will  be  found  to  be  an  important  factor  in  the  determination 
of  the  attractiveness  of  any  suggested  enterprise. 

Such  investigations  as  the  economics  of  an  important  project  should  gener- 
ally be  entrusted  only  to  engineers  experienced  in  the  line  of  activity  to  which 
the  said  project  properly  belongs ;  for  if  they  be  left  to  inexperienced  investi- 
gators, it  is  more  than  likely  that  mistakes  will  be  made  and  money  lost  in 
consequence.  The  professional  men  who  generally  do  such  work  are  the 
independent  consulting  engineers;  certain  specialists  retained  on  salary  solely 
for  this  purpose  by  important  organizations,  such  as  railroad  companies; 
and  engineers  who  are  regularly  in  the  employ  of  large  banking  houses.  The 
work  involved  is  of  such  importance  that  it  usually  commands  large  compen- 
sation— as,  indeed,  it  should;  because  to  do  it  effectively  demands  not  only 
long  experience  but  also  good  judgment  and  a  vast  amount  of  mental  labor, 
both  in  order  to  make  oneself  capable  in  general  and  so  as  to  con- 
sider thoroughly  all  the  points  embraced  by  the  special  problem  in  hand. 

This  fundamental  economic  problem  is  often  one  of  ^ctreme  oompUca^ 
tion,  involving,  perhaps,  a  determination  of  the  character  of  the  pro- 
posed improvement,  a  choice  of  sites  or  routes,  a  selection  of  uses,  a  con- 
sideration of  aesthetics,  an  option  on  type  or  style  of  construction,  a  question 
of  ultimate  durability,  a  study  of  greatest  possible  convenience,  a  prevision 
of  serious  opposition,  a  prognostication  of  future  conditions,  an  antidpation 
of  prospective  structural  modifications,  and  a  safe  estimate  of  cost. 


General  Features  of  Economics  of  Design  and  Construction 

Anticipating  the  Future. — In  all  engineering  work  of  both  designing  and 
construction,  true  economy  necessitates  a  thorough  consideration  of  future 
requirements  and  possible  eventualities,  also  a  provision  for  meeting  the 
same.  For  instance,  in  designing  a  structure  one  should  consider  i)os8ible 
future  additions  of  loading  and  how  to  accommodate  them;  and  in  construc- 
tion one  should  anticipate  delays,  fioods,  storms,  and  other  possible  difficulties, 
and  should  prepare  his  programme  so  as  to  meet  them  efifectively  and  without 
any  unnecessary  expenditure  of  time,  labor,  or  money.  Foresight  of  this 
kind  is  an  important  element  of  success  in  the  career  of  every  engineer. 

Systemization. — Quoting  from  the  speaker's  treatise  on  "  Bridge  Engines- 
ing,"  "The  systemization  of  all  that  one  does  in  connection  with  his  pioles- 
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sional  work  is  one  of  the  most  important  steps  that  can  be  taken  towards  the 
attainment  of  success."  Moreover,  it  is  one  of  the  fundamental  elements 
of  economics  in  all  lines  of  work. 

Time  Versus  Material. — Some  designers  in  their  endeavor  to  save  a  small 
amount  of  material  expend  a  large  amount  of  time,  not  only  of  their  own  but 
also  of  other  people's,  which  time  when  properly  evaluated  is  often  greatly 
in  excess  of  the  cost  of  the  material  saved.  Such  economy  as  this  is  false; 
and  its  practice  is  unscientific. 

L<ibor  Versus  Material. — Similarly  some  designers  in  an  endeavor  to  cut 
down  quantities  in  their  structures  increase  the  labor  thereon  to  such  an 
extent  that  the  material  saved  is  worth  only  a  small  portion  of  the  value  of  the 
extra  labor  expended.  For  instance,  if  one  were  to  make  a  small  pier  hollow, 
the  concrete  thus  saved  would  not  be  worth  anything  like  as  much  as  the 
cost  of  the  forms  required  to  construct  the  hollow  space. 

Recording  Diagrams. — The  study  of  economics  is  greatly  facilitated  by  the 
use  of  diagrams  that  record  quantities  of  materials,  costs  of  construction, 
times  of  operation,  etc.,  for  varying  conditions.  In  general,  it  may  be  stated 
that  American  engineers  do  not  use  graphics  for  studying  economics  to  the 
extent  which  is  advisable;  and  that  in  this  they  might  learn  something  from 
their    European  brethren. 

Economics  of  Mental  Effort. — ^Almost  nothing  concerning  this  important 
subject  is  taught  in  our  technical  schools;  and  but  little  is  known  about  it  by 
practicing  engineers.  To  be  a  truly  successful  engineer,  one  has  need  to  study 
deeply  the  matter  of  how  best  and  most  economically  to  utilize  his  mental 
forcM;  how  to  accomplish  the  greatest  amount  of  work  with  the  smallest 
expenditure  of  eflfort;  how  many  hours  of  work  per  day  for  long-continued 
labor  will  effect  the  largest  accomplishment ;  to  what  extent  men  in  various 
lines  of  activity  should  take  vacations,  and  how  these  should  be  spent; 
what  are  the  effects  upon  one's  working  capacity  from  the  use  of  liquor  and 
tobacco  in  both  small  and  large  quantities,  etc.  All  these  are  economic 
questions  of  great  importance;  and  they  need  to  be  given  proper  attention 
by  eveiy  engineer  who  aspires  to  efficiency  in  both  himself  and  his  employes. 

Again,  the  development  of  the  faculty  of  concentration  is  an  economic 
consideration  of  much  importance. 

Economics  in  Office  Practice. — There  are  many  conditions  in  ordinary  office 
practice  that  are  susceptible  of  considerable  improvement  from  the  economic 
IK)int  of  view — ^for  instance,  unnecessary  conversation,  Uvseless  duplication 
of  labor,  and  lack  of  proper  checking;  but  this  matter  is  too  complicated  and 
lengthy  to  warrant  more  than  mere  mention  in  a  lecture  of  this  kind. 

Economics  of  Manufacture. — This  is  a  subject  of  such  complication  and 
extent  that  it  can  merely  be  mentioned  here;  for  upon  it  a  large  treatise 
might  readily  be  written.  It  will  suffice  to  say  that  the  prime  requisites  are 
the  prompt  furnishing  at  all  times  of  materials  and  tools;  the  keeping  on 
hand  of  spare  parts  of  machinery  which  are  liable  to  breakage  or  wear;  the 
proper  upkeep  of  all  machinery  and  apparatus;  the  systematic  arrangement  for 
carrying  work  through  the  shops,  preferably  always  in  one  direction;  the 
avoidance  of  duplication  of  labor;  the  prevention  of  errors,  and  the  speed, 
correction  of  those  which  unavoidably  occur;  the  development  of  individual 
efficiency  in  all  employes;  the  maintenance  of  a  contented  spirit  among  the 
workmen;  and  the  constant  and  intelligent  supervision  of  all  work. 

Economics  of  Construction. — This  subject  like  the  one  last  discussed  is  of 
great  complication,  and  in  general  principles  the  two  have  much  in  common. 
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For  instance,  .there  should  be  prepared  for  each  piece  of  construction  an 
elaborate  programme,  indicating  the  various  steps  to  be  taken  and  how  the 
work  should  be  carried  out.  Diagrams  in  this  connection  are  most  useful. 
Again,  there  should  be  prepared  a  time-schedule  for  the  completion  of  the 
various  divisions  of  the  work;  and  this  should  invariably  be  lived  up  to  when 
it  is  possible. 

There  should  be  a  pre-arran^red  schedule  for  the  furnishing  of  all  materials 
and  supplies;  adequate  means  for  the  transportation  thereof  should  be  pro- 
vided; the  workmen  should  be  well  housed  and  fed;  and  should  be  made  com- 
fortable and  contented ;  disagreements  between  heads  of  departments  should 
be  prevented;  all  possible  difficulties  should  be  anticipated,  and  means  should 
be  at  hand  to  meet  and  overcome  them;  ample  funds  should  be  provided 
for  paying  promptly  all  bills  for  labor  and  materials;  liquor  should  be  kept 
away  from  the  workmen;  and  strike  organizers  and  other  troublesome  people 
should  be  run  off  the  job. 

All  these  matters  are  directly  concerned  with  the  economics  of  construction. 

Labor. — The  scientific  handling  of  labor  is  an  economic  prolem  of  the 
utmost  importance,  and  a  treatise  could  well  be  written  on  the  subject.  The 
principal  desideratum  is  to  keep  the  workmen  well,  happy,  and  contented;  and 
the  best  ways  to  do  this  are  to  treat  them  kindly,  make  them  comfortable, 
feed  and  house  them  well,  amuse  them  in  their  spare  time,  don't  work  them 
too  long  hours,  pay  them  by  piece-work  when  practicable,  listen  patiently  to 
their  complaints,  right  their  wrongs,  see  that  they  are  well  taken  care  of 
when  they  are  ill  or  injured,  and  evolve,  if  possible,  some  feasible  method  of 
sharing  profits  with  them.  On  the  other  hand,  though,  drive  them  hard  and 
continuously  during  working  hours,  insist  upon  their  putting  in  overtime 
when  the  conditions  truly  require  it,  discharge  instantly  all  insubordinate  or 
otherwise  troublesome  men,  dispense  quietly  with  the  services  of  all  shirk- 
ers, and  insist  that  everybody  put  forth  his  best  and  most  intelligent  effort 
to  effect  the  maximum  of  accomplishment  in  the  minimum  of  time. 

Waste. — In  all  lines  of  activity  the  avoidance  of  waste  or  extravagance  and 
the  utilization  of  by-products  are  today  burning  questions;  and  upbn  their 
proper  solution  by  American  scientists  will  depend  greatly  the  success  of 
our  country  in  its  commercial  struggle  with  the  nations  of  Europe  and  Asia. 
This  statement  is  just  as  true  concerning  engineering  as  it  is  of  any  other 
activity;  and  it  is  encouraging  to  see  that  a  number  of  our  leading  technical 
institutions  are  inaugurating  research  departments  for  the  furtherance  of  this 
object. 

Efficiency  Experts. — A  very  new  type  of  specialist  in  engineering  is  the 
efficiency  expert — the  man  who  takes  hold  of  moribund  factories  and  other 
decaying  enterprises,  studies  them  thoroughly  so  as  to  determine  the  raison 
d'etre  for  their  decline,  evolves  the  proper  remedies  for  their  troubles,  puts 
them  again  upon  their  feet,  and  starts  them  upon  the  high  road  to  success.  It 
is  mainly  in  little  matters,  apparently  of  small  importance,  that  such  concerns 
fail;  and  it  requires  a  high  development  of  imusual  talent  in  an  engineer  to 
become  a  truly  successful  efficiency  expert.  Such  work  as  his  no  one  can  deny 
being  "engineering  economics"  in  the  truest  sense  of  the  term;  and  the 
specialty  is  surely  destined  to  become  more  and  more  popular  and  important 
as  the  years  pass  by. 

The  Art  of  Making  Rapid  and  Reliable  Preliminary  Estimates  of  Cost. — 
Allen  Hazen  gives  the  following  in  Engineering  and  Contracting,  March  18, 
1914.    Estimating  the  cost  of  constructing  proposed  or  existing  structures 
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npidly  and  surely  is  an  art.  It  is  a  valuable  art  and  deserveB  cultivation. 
The  suooess  of  many  undertaidngs  depends  upon  its  use.  Some  men  have 
the  knack  of  estimating;  others  can  never  learn  it.  But  good  methods  are 
essential  and  these  can  be  studied  and  perfected  and  applied  to  special 
problems. 

Estimates  made  for  different  purposes,  are  prepared  in  quite  different  ways 
according  to  circumstances.  They  may  be  conveniently  classified  under  three 
headings: 

(1)  Preliminary  estimates,  being  estimates  made  in  advance  of  the  prepara- 
tion of  detailed  plans  and  specifications  for  t)ie  purpose  of  discussing  a  project 
for  deciding  as  to  its  adoption,  and  for  making  the  necessary  financial  arrange- 
ments for  carrying  it  out. 

(2)  Detailed  estimates,  being  estimates  based  upon  detailed  plans  for 
the  execution  of  the  work,  and  usu^y  made  shortly  before  bids  are  asked  for 
the  particular  work  covered,  or  in  advance  of  undertaking  to  carry  it  out  by 
day  labor. 

(3)  Final  estimates,  being  the  estimates  to  the  contractor  at  contract 
prices  for  the  actual  work  done.     The  term  "  final  estimate ' '  may  also  properly    ' 
be  applied  to  a  statement  of  the  cost  of  a  completed  work  based  upon  .actual 
expenditures  made  for  carrying  it  out. 

That  which  follows  relates  only  to  preliminary  estimates. 

Preliminary  estimates  are  made  much  more  frequently  than  others  because 
only  a  fraction  of  the  projects  for  which  estimates  are  made  are  carried  out. 
Less  precision  is  expected  in  preliminary  estimates  than  in  detailed  or  final 
estimates,  but  on  the  other  hand  all  reasonably  attainable  accuracy  i.s  desirable, 
for  many  important  matters  depend  upon  it.  The  decision  as  to  which  of  two 
or  more  alternate  projects  is  to  be  adopted  frequently  turns  upon  the  pre- 
liminary estimates  of  the  respective  costs.  The  decision  as  to  whether  or 
not  to  undertake  a  certain  enterprise  usually  turns  upon  the  preliminary 
estimate  of  the  cost  of  the  work.  A  certain  degree  of  reliability  Is,  therefore, 
essential  in  preliminary  estimates.  On  the  other  hand,  preliminary  estimates 
must  be  made  for  many  enterprises  that  will  never  be  carried  out,  and  it  is 
necessary  tbat  they  should  be  made  rapidly  and  without  undue  expense  to  the 
client. 

BatiM  for  Preliminary  Eatimaies. — There  is  only  one  real  reliable  basis  for 
preliminary  estimates.  It  is,  the  consideration  of  final  estimates  of  work 
previously  carried  out,  of  a  character  and  magnitude  as  nearly  as  may  be 
similar  to  that  of  the  proposed  work.  The  more  nearly  the  work  represented 
by  these  final  estimates  approaches  in  all  the  conditions  that  for  which  esti- 
mates are  being  made,  the  more  reliable,  in  general,  are  the  preliminary 
estimates  based  upon  it;  and  the  more  numerous  and  greater  the  points  of 
divergence,  the  less  reliable  is  the  basis  and  the  greater  is  the  probable  error 
in  the  resulting  preliminary  estimate. 

Bttimate*  in  Vdlu€Ui&n  Proceeding: — When  a  property  such  as  a  water 
works  property  is  to  be  valued  for  the  purpose  of  sale,  it  is  common  for 
engineers  to  make  estimates  of  the  cost  of  reproduction  for  the  structures. 
These  estimates  may  be  in  the  nature  of  final  estimates  when  the  structures 
were  recently  completed  and  the  actual  costs  are  shown  by  records.  They 
may  be  in  the  nature  of  detailed  estimates  when  full  plans  and  quantity  schedule 
are  available.  More  often  they  are  in  the  nature  of  prelimlaary  esUmaXea 
because  such  detaOed  information  and  cost  are  not  available.  PTeUiuVawnf 
mOnmteg  mmde  la  tbJs  way  are  commonly  subject  to  compariaon  'with  U^^ 
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estimates  made  by  engineers  representing  the  other  party  to  the  transac 
and  it  is  frequently  necessary  to  harmonize  such  estimates  by  arbitratio 
otherwise.    If  they  are  presented  as  evidence  in  court  the  engineers 
made  them  must  support  them  through  a  searching  cross-examination.    '. 
criticism  of  preliminary  estimates  made  in  this  way  is  likely  to  be  more  seai 
ing  than  that  of  estimates  made  in  the  ordinary  course  of  business,  where  i 
estimates  are  made  for  the  purpose  of  construction  and  comparison  on 
For  this  reason  the  experience  gained  in  valuing  properties  for  the  purpo 
of  sale  and  in  condemnation  cases  is  mmre  useful  than  any  other  experien« 
that  an  engineer  can  have  in  trailing  him  in  the  first  elements  of  sound  proo 
dure  in  making  preliminary  estimates. 

Methods  of  Comparison. — The  problem  presented  in  making  preliminar] 
estimates  is  this:  given  the  final  estimates  of  a  certain  number  of  works,  mon 
or  less  comparable  to  the  one  proposed,  and  a  general  outline  of  the  works  foi 
which  an  estimate  is  to  be  made  to  find  the  probable  fair  reasonable  cost  of 
construction  of  the  proposed  works.  The  general  procedure  is  to  find  the 
elements  of  cost  in  the  work  that  is  to  be  carried  out,  and  the  actual  cost  of 
those  elements  in  the  works  for  which  final  estimates  are  available,  and  to 
apply  .the  latter  to  the  former.  In  doing  this  all  known  differences  that  would 
affect,  to  an  important  extent,  the  probable  cost  of  the  work,  must  be  taken 
into  account  and  allowed  for  to  the  best  of  the  estimator's  ability. 

Basis  of  Estimate. — An  estimate  may  be  said  to  be  low,  fair,  or  liberal, 
according  to  the  methods  used  in  making  it.  A  fair  estimate  may  be  defined 
as  one  such  that  with  the  work  carried  out  in  a  business-like  way  under  average 
conditions,  there  is  somewhat  more  than  an  even  chance  that  the  work  could 
be  completed  within  the  estimate.  In  the  case  of  structures  of  types  that 
have  been  built  frequently,  and  of  which  the  elements  of  cost  have  been  well 
determined,  experience  indicates  that  it  is  possible  in  most  cases  to  approxi- 
mate, in  preliminary  estimates,  the  cost  of  new  structures  within  10  per  cent 
of  the  actual  cost.  With  such  structures  a  fair  estimate  would  be  somewhere 
between  the  most  probable  cost  and  10  per  cent  more  than  this,  or,  in  a  general 
way,  5  per  cent  above  the  most  probable  cost.  With  an  estimate  made  in 
this  way,  it  should  be  possible  to  keep  the  actual  cost  of  construction  within 
the  estimate  three  times  out  of  four,  and  this  is  figuring  as  closely  as  an  engineer 
can  be  expected  to  do. 

In  the  case  of  structures  of  greater  novelty,  or  structures  involving  unde- 
termined underground  conditions,  greater  fluctuations  must  be  anticipated 
and  the  above-mentioned  percentages  should  be  increased. 

Erroneous  Methods  of  Reaching  Estimates. — In  a  valuation  proceeding,  it 
is  frequently  surprising  that  reputable  engineers  will  present  on  different 
sides,  estimates  differing  so  much  for  the  same  item.  These  differences  must 
frequently  grow  out  of  the  use  of  erroneous  methods  of  procedure  by  the 
respective  engineers.  It  may  be  well,  therefore,  to  consider  some  of  the  com- 
monest methods  that  are  erroneous,  and  to  point  out  the  reasons  why  they 
should  not  be  used. 

The  Contract  Price  Method. — The  columns  of  the  technical  journals  contain 
a  record  of  the  prices  at  which  many  contracts  are  awarded.  By  going 
through  these  colunms  and  selecting  the  low  bids  and  applying  them  to 
the  proposed  work,  an  estimate  may  be  prepared  which  wiU  probably  be 
much  below  a  fair  estimate  for  the  work.  Among  the  reasons  that  it  would 
probably  be  low  are  the  following: 

First,  many  of  the  low  bidders  have  underestimated  the  difficulties  to  the 
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work,  and  their  bid  are  really  too  low.  That  is,  they  are  not  sufficient  properly 
to  carry  out  the  work  and  make  a  fair  profit.  The  contractor  may  not  be  able 
to  complete  the  work  under  the  contract  and  additional  expense  to  the  owner 
will  have  to  be  met. 

Second,  in  applying  the  bid  prices,  or  contract  prices  to  new  work,  it  is 
very  easy  to  overlook  entirely  some  items  in  the  work.  A  price  that  relates 
to  a  part  of  the  work  may  be  taken  as  applying  to  the  whole  of  it  through 
ignorance  or  failure  to  make  a  fair  and  full  comparison. 

Third,  the  schedule  of  quantities  prepared  by  the  engineer  for  use  in  the 
specifications  on  which  bids  were  obtained  may  be  inaccurate  and  may  not 
correspond  with  the  final  quantities  when  the  work  is  completed . 

Fourth,  the  items  of  extra  work  growing  out  of  conditions  that  either  were 
not  anticipated,  or  that  were  intentionally  excluded  from  the  contract  by  the 
engineer  as  a  matter  of  policy,  are  overlooked  and  ignored. 

For  these  and  similar  reasons,  estimates  prepared  from  contract  prices 
OT  from  low  bids  reported  are  almost  invariably  too  low  and  frequently 
may  be  too  low  by  a  very  large  percentage.  An  estimate  made  in  this  way 
Is  a  low  estimate.  The  figures  may  be  arranged  to  make  a  very  convincing 
showing  in  support  of  it,  but  it  remains  notwithstanding  a  low  estimate. 

Estimates  Based  on  Averages, — In  many  municipal  and  corporate  reports  one 
may  find  records  of  the  monies  actually  expended  in  carrying  out  certain 
developments.  It  is  easy  to  find  such  records  and  to  compile  them  and  to 
deduce  from  them  a  figure  which  may  be  used  as  representing  the  probable 
cost  dt  a  proposed  work  of  similar  character.  Some  works  represented  by 
such  figures  may  have  been  done  in  an  efficient  an  economical  manner,  and 
the  figures  so  obtained  may  be  reliable  and  proper  ones  for  use.  Frequently, 
8om6  or  all  of  the  work  taken  for  use  in  this  way  was  done  under  conditions 
that  were  not  efficient,  and  the  cost  of  doing  it  may  include  other  items  than 
those  relating  to  the  construction  work.  It  is  easy  to  select  data  in  this  way 
to  back  up  a  high  estimate,  and  to  make  a  showing  that  is  convincing  to  those 
not  familiar  with  the  methods. 

A  Fair  Basis  of  Estimate. — A  fair  basis  of  estimate  does  not  exclude  either 
of  the  above  methods,  but  will  take  into  account  data  secured  under  either  for 
what  it  is  worth,  and  will  make  allowances  for  the  conditions,  or  supposed 
conditions,  under  which  the  bids  were  received,  or  the  work  was  done.  A  fair 
basis  of  estimate  will  also  give  much  greater  weight  to  final  estimates  of  work 
as  comparable  as  may  be  to  the  work  that  is  proposed  where  the  work  was 
done  imder  conditions  known  to  be  careful  and  economical.  The  engineer 
In  making  such  estimates  will  naturally  and  rightly  give  greatest  attention  to 
work  done  under  his  own  direction,  and  will  give  second  place  to  work  done  by 
his  friends  and  acquaintances  with  which  he  is  reasonably  familiar  as  to  condi- 
tions met  and  methods  used  in  the  construction. 

The  Weighted  Price  Method. — The  number  of  different  kinds  of  work  for 
which  unit  prices  may  be  obtained  is  very  great.  If  an  effort  is  made  to  keep 
track  of  the  amount  of  work  of  each  kind,  and  to  estimate  the  amount  of  it 
in  the  proposed  work,  the  schedule  will  be  too  complicated  and  the  labor  of 
applying  the  figures  will  be  unduly  increased.  Moreover,  if  the  schedule  used 
for  comparison  is  too  complicated,  some  items  are  sure  to  be  overlooked,  with 
the  result  that  too  low  a  final  figure  will  be  reached.  In  order  to  prevent 
both  of  these  conditions  it  is  frequently  best,  in  preparing  preliminary  esti- 
mates, to  take  only  a  limited  number  of  the  main  items  of  work  that  are 
involved  in  the  kind  of  construction  that  is  contemplated,  and  to  weight  the 


10  HANDBOOK  OF  CONSTRUCTION  COST 

unit  prices  for  them  in  siich  a  way  ttiat  they  will  include  the  whole  cost  of  all 
the  Incidental  items  naturally  associated  with  them. 

In  proceeding  in  this  way  one  selects  first  the  it^ns  that  are  to  be  used. 
These  items  should  be  so  selected  as  to  include  directly  the  major  part  ci  the 
work.  The  final  estimates  that  are  to  be  used  as  a  basis  are  then  tak^i  for 
analysis.  The  whole  cost  of  the  work  represented  by  each  is  then  distributed 
among  selected  items.  Considerable  judgment  is  required  in  the  distribution 
and  each  part  of  the  construction  should  be  included  with  the  item  to  which  it 
is  most  nearly  related.  The  most  important  point  is  that  every  dollar  spent 
should  be  charged  under  some  one  of  the  selected  headings. 

The  sum  of  the  costs  reached  in  this  way,  divided  by  the  quantities  in  the 
final  estimate,  gives  new  unit  prices  which  are  weighted  to  include  all  the 
minor  items.  Applying  these  unit  prices  to  the  main  items  of  the  proposed 
work  gives  a  basis  for  preliminary  gptimate. 

As  illustrations  of  these  methods,  take  the  case  of  pipe-laying.  The  trench- 
ing, the  lead,  the  cast  iron  pipe,  the  teaming  and  incidental  expenses  may  all 
be  represented  by  separate  items  in  the  final  estimate  that  serves  as  a  basis. 
These  can  obviously  be  consolidated  into  a  single  item  per  lineal  foot  of  pipe 
of  a  given  size.  In  this  process  the  price  for  pipe  is  weighted  to  include  the 
other  expenses  that  naturally  go  with  it.  The  process  may  be  carried  further 
and  the  pipe  still  further  loaded  to  include  the  gates,  the  hydrants  and  all 
auxiliary  structures. 

In  a  similar  way  the  cost  of  the  reinforcing  and  of  the  forms  for  concrete 
construction  first  stated  as  separate  items,  may  be  consolidated,  and  all  the 
different  classes  of  concrete  may  be  brought  into  one  so  that  a  unit  price  for 
masonry  includes  reinforcing  and  forms,  and  all  the  appurtenances  that  go 
with  the  masonry  structures. 

In  estimating  the  cost  of  sand  filters  the  writer  has  for  years  divided  the 
whole  cost  of  the  construction  into  four  parts,  as  follows: 

(1)  Excavation  and  earth  work. 

(2)  Masonry. 

(3)  Filtering  materials. 

(4)  Piping  and  auxiliaries. 

The  cost  of  each  plant  built  worked  out  in  this  way  on  a  uniform  basis 
affords  a  basis  for  rapid  and  accurate  comparisoas,  and  allows  the  data  to  be 
applied  in  making  preliminary  estimates  for  new  work  where  the  prime  condi- 
tions of  construction  are  known  with  comparatively  little  chance  of  large  error. 

Weighted  unit  prices  of  this  kind  must  be  carefully  obtained  and  can  only  be 
used  with  caution.  The  amount  of  weighting  must  always  be  kept  clearly  in 
mind  by  those  who  use  them.  When  properly  deduced  and  used,  they  afford 
an  extremely  useful  and  rapid  method  of  approximating  the  cost  of  many 
structures. 

The  Ratio  Method. — There  are  many  cases  where  the  system  of  weighted 
unit  prices  cannot  be  used  because  the  schedules  in  the  final  estimates  tliat 
serve  as  a  base  are  in  such  form  that  unit  prices  cannot  be  deduced  from  them. 
For  example,  there  are  many  cases  where  the  amount  and  character  of  work 
are  known  and  the  total  cost  of  the  work  is  known,  but  there  is  no  way  of 
sub-dividing  it  between  the  different  items.  To  compare  the  costs  of  different 
pieces  of  work  with  each  other,  and  to  get  a  basis  for  estimating  the  probable 
cost  oi  other  similar  work  is  then  much  more  difficult. 

A  method  of  reaching  an  approximate  and  us^ul  solution  of  this  problem 
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is  (me  wbich  may  be  called  the  ratio  method.  A  schedule  is  made  of  a  limited 
nmnber  of  it^ns  of  work  which  represent  the  greater  part  of  the  construction 
in  the  several  cases.  A  simple  schedule  of  unit  prices  is  then  formed,  cor- 
responding to  the  units.  One  fixed  price  is  assumed  for  each  kind  of  work. 
The  price  assimied  should  be  a  reasonable  one,  and  as  nearly  as  is  known  an  aver- 
age one,  but  precision  is  not  to  be  expected  and  a  round  figure  may  always  be 
used.  The  amount  of  work  under  each  item  in  each  job  is  ascertained  and  the 
assumed  prices  are  applied  to  them.  The  sum  of  the  amounts  for  each  job 
represents  what  that  job  would  have  cost  at  the  assumed  prices.  A  compari- 
son between  the  actual  cost  and  the  cost  at  the  assumed  prices  gives  an 
idea  of  the  relative  economy  of  the  work.  It  may  be  found,  for  example, 
that  one  piece  of  work  cost  20  per  cent  more  than  the  amount  obtained  by 
applying  the  assumed  prices;  another  piece  of  work  cost  12  per  cent  more 
and  a  third,  7  per  cent  less.  When  the  records  of  a  number  of  known  pieces 
of  work  are  compared  in  this  way  it  furnishes  a  basis  for  making  a  preliminary 
estimate  for  work  of  the  same  class.  In  doing  this  the  quantities  for  the  pro- 
posed work  are  ascertained,  the  base  prices  are  applied  to  them  and  a  ratio 
by  which  the  sum  so  reached  is  to  be  increased  or  diminished  is  ascertained 
by  consideration  of  the  ratios  actually  foimd  to  have  been  obtained  in  the 
jobs  for  which  cost  records  are  at  hand. 

In  arriving  at  the  ratio  to  be  used,  the  engineer  will  compare,  perhaps  in  his 
mind  and  without  written  schedules,  the  ease  or  difficulty  of  the  proposed 
work  as  compared  with  the  ease  or  difficulty  of  the  various  works  which 
served  as  a  base;  will  take  into  account  differences  in  labor  conditions,  in 
freights  and  deliveries;  will  take  into  account  the  known  or  assumed  efficiency 
or  lack  of  efficiency  in  the  execution  of  the  several  pieces  of  work  from  which 
his  basic  data  were  derived,  and  will  reach  an  estimate  of  the  addition  or 
subtraction  to  be  made  to  or  from  the  base  price  in  each  case. 

This  method  is  commonly  combined  with  the  preceding.  That  is  to  say, 
the  base  prices  are  usually  loaded  prices. 

This  method  affords  a  convenient  and  efficient  method  of  comparing  the 
relative  costs  of  different  works  where  the  loaded  unit  price  method  cannot  be 
applied  and  in  experienced  hands  it  affords  a  rapid  and  reliable  method  of 
making  preliminary  estimates  upon  many  classes  of  structures. 

Extra  CoBt  of  Novel  Designs. — Work  on  novel  designs  commonly  costs 
more  than  work  following  standard  designs.  This  is  true  even  when  well 
tried  methods  are  first  introduced  in  new  places.  Such  work  may  be  too  small 
to  attract  bidders  from  a  distance.  The  unit  cost  will  then  overrun  antici- 
pated prices.  An  under  estimate  of  cost  is  frequently  made  on  work  because 
the  estimator  fails  to  realize  what  a  great  effect  familiarity  with  the  methods 
of  performing  work  has  upon  the  cost.  To  realize  this,  one  has  but  to  think  of 
the  difference  between  present  methods  and  costs  of  building  tunnels  and  sub- 
ways and  deep  foundations,  and  the  methods  and  costs  of  only  15  or  20  years 
ago.  Not  only  is  the  risk  which  the  contractor  takes  now  less,  but  methods 
which  have  been  thoroughly  tried  out  are  at  his  disposal  as  well  as  experienced 
foremen  and  laborers  to  do  the  work  more  economically.  For  a  structure  of 
new  or  novel  design  much  caution  in  using  prices  that  may  be  standard  on 
other  kinds  of  work  must  be  used. 

Small  Jobs  Cost  More  in  Proportion  than  Large  Ones. — ^Another  common 
cause  of  under  estimating  costs  is  the  use  of  figures  on  large  pieces  of  work  for 
estimating  small  woiic.  The  engineer  often  overlooks  the  large  cost  of  over- 
head charges,  the  waste  of  labor  and  the  cost  of  plant  caused  by  organizing  a 
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tbiTce  to  perform  a  small  piece  of  work.  He  too  oft^i  forgets  that  for  small 
work  the  work  must  be  done  by  less  efficient  methods  or  the  cost  of  planl 
prohibits  the  use  of  expensive  machines.  Perhaps  the  most  conunon  case  <d 
such  underestimating  is  ^here  the  job,  although  a  large  one  in  the  agg^regate, 
consists  of  many  small  pieces  of  work  of  widely  varied  character.  Such  a 
job  is  troublesome  and  costly  for  the  contractor  and  the  experienced  man 
knows  it  and  puts  in  a  corresponding  bid. 

It  must  be  remembered  that  bids  follow  the  law  of  supply  and  demand; 
that  general  slackness  in  construction  work  calls  out  bidders  and  low  prices. 
The  condition  of  the  money  market,  the  cost  of  materials  and  the  general 
opinion  of  the  condition  of  contract  work  are  of  course  matters  of  much  impor- 
tance. It  seems  scarcely  necessary  to  say  that  the  engineer  should  know 
where  and  how  the  contractor  is  to  obtain  his  materials  and  have  a  fairly 
definite  idea  of  the  cost  either  in  dollars  and  cents  or  as  a  comparative  figure  to 
other  work. 

The  engineer  in  estimating  should  try  to  look  at  the  work  from  the  stand- 
point of  the  contractor,  should  try  to  remember  that  no  work  runs  as  smoothly 
along  as  the  contractor  wishes,  that  labor  conditions  and  other  matters  often 
spoil  the  best  laid  plans.  He  should  endeavor  to  keep  in  mind  the  various 
work  he  has  watched  or  i>erf  ormed  and  the  numerous  times  when  unexpected 
conditions  added  largely  to  the  cost. 

Generally  speaking,  estimates  on  proposed  work  by  men  of  limited  expe- 
rience are  too  low,  yet  it  is  not  unusual  for  an  engineer  to  be  so  impressed 
with  the  difficulty  of  a  piece  of  work  that  he  overestimates  the  actual  cost 
and  it  is  more  common  to  find  that  he  has  overestimated  the  bids  of  the 
contractors. 

It  is  of  much  value  to  have  two  methods  of  arriving  at  estiraiates.  If  an 
independent  check  method  can  be  made  even  though  a  rough  one.  a  failure 
of  the  two  results  to  agree  often  leads  to  the  discovery  of  serious  errors  in  the 
application  of  one  or  the  other  method. 

Conditions  of  Success  in  Estimating. — One  of  the  first  requisites  for  success- 
ful estimating  is  a  fair  and  unprejudiced,  and  moderately  pessimistic  mind. 
The  estimator  must  be  alert  for  new  and  cheaper  processes  and  methods,  and 
conservatively  sceptical  concerning  their  merits.  Moreover  a  successful 
estimator  must  have  had  experience  in  actual  construction.  As  a  general 
rule  an  engineer  should  not  make  an  estimate  for  a  structure  that  he  would  not 
know  how  to  build. 

Next,  as  a  requisite  to  successful  estimating,  may  be  mentioned  a  broad 
basis  of  cost  records  of  actual  work,  more  or  less  similar  to  that  for  which 
estimates  are  to  be  made.  A  good  and  safe  method  of  using  the  cost  data 
and  adjusting  it  for  application,  to  new  conditions  is  equally  impprtant. 
And,  finally,  the  estimator  must  have  the  will  to  refuse  to  make  estimates 
for  work  that  he  does  not  understand. 

Cost  Estimating;  A  Discussion  of  Principles  with  Actual  Estimates  for 
Contract  Work. — Engineering  and  Contracting,  July  14,  1909,  publishes  the 
following  by  J.  B.  Balcomb : 

General  Principles 

Engineers  rarely  make  a  success  of  cost  estimating.  The  same  may  be 
ssdd  of  architects,  contractors  and  others,  to  all  of  whom  a  reliable  estimate 
is  of  the  greatest  importance.    Many  even  go  so  far  as  to  assert  that  it  is 
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not  possible  to  do  it  satisfactorily.  Yet  it  must  needs  be  done,  therefore  the 
ability  may  be  attained  to  do  it;  provided  always,  that  it  is  midertaken  with  a 
complete  miderstanding,  not  alone  ot  its  importance,  but  of  its  requirements 
and  limitations  as  well. 

Certain  characteristics  are  essential:  A  man  must  be,  (a)  a  logical  thinker, 
(b)  a  constructive  organizer;  he  must  have,  (a)  an  analytical  mind,  (b)  an 
active  imagination,  well  under  the  control  of  reason;  he  must  acquire,  (a)  the 
habit  of  forming  definite  judgments  and  conclusions,  (b)  the  practice  of 
systematizing  on  paper. 

In  addition  to  these,  it  is  imperative  to  have  had  shop  or  field  experience, 
preferably  both,  and  to  have  accumulated  systematic  notes  and  records  of 
cost.  A  technical  education  is  at  advantage  and  some  designing  experience 
is  h^pful. 

If  one  is  to  follow  estimating  professionally,  as  an  architect,  estimator  or 
consulting  engineer,  his  practical  experience  should  be  broad  and  diver- 
sified. While  on  field  work  he  should  have  studied  methods  and  collaborated 
cost  data;  both  for  future  use  in  estimating,  and  as  a  guide  in  using  information 
compiled  by  others. 

In  such  records,  it  is  not  sufiBcient  that  quantities  of  work  and  their  cost 
be  given:  he  should  note  the  rate  of  wages,  the  quahty  of  work,  the  class  of 
labor,  the  conditions  regarding  weather  and  the  arrival  of  supplies  and 
materials,  as  well  as  special  conditions  either  favorable  or  unfavorable;  so 
that  in  using  this  data  he  may  be  able  to  form  a  rational  judgment  as  to  how 
nearly  other  work,  the  cost  of  which  he  is  called  upon  to  estimate,  will  be 
controlled  by  like  conditions. 

As  an  illustration,  let  us  assume  that  one  is  recording  data  on  excavation. 
In  such  case  it  would  be  well  to  make  note  of  how  the  work  was  done;  whether 
with  (a)  steam  shovel,  (b)  locomotive  crane,  (c)  teams  and  wheelers,  (d) 
teams  and  slips,  or,  (e)  men  with  picks  and  shovels;  whether  the  hauling 
was  done  with  (a)  locomotive  and  flat  cars,  (b)  dinkies  and  dump  cars,  (c) 
teams  and  patent  dumpers,  (d)  horses  with  carts,  or,  (e)  men  with  wheel- 
barrows; and  whether  it  was  loosened  by  (a)  men  with  picks,  (b)  teams  with 
plows  or  rooters,  or  (c)  blasting  with  dynamite  or  giant  powder. 

It  is  also  necessary  to  give:  (a)  character  of  excavated  material,  (b)  depth 
of  cut  and  height  erf  fill,  (c)  length  of  haul,  (d)  condition  of  roads  or  tracks,  and 
(e)  special  features  which  either  facilitated  or  hindered  progress. 

If  the  excavation  is  in  rock,  there  will  be,  in  addition,  (a)  method  of  drilling, 
(b)  method  of  blasting,  (c)  method  of  loading  and  unloading. 

There  are  other  combinations  than  those  suggested,  but  these  cover  the 
usual  methods  of  handling  earth.  While  no  other  form  of  construction  is 
susceptible  of  being  handled  in  so  many  different  ways,  yet  this  serves  admir- 
aWy  to  illustrate  how  meagre  are  the  usual  cost  data  as  given  in  the  period- 
icals or  technical  papers.  To  say  that  an  excavation  cost  40  cts.  per  cu.  yd. 
means  absolutely  nothing,  for  it  might  have  cost  anywhere  from  5  cts.  to  $5, 
and  the  work  still  have  been  handled  to  the  best  advantage.  What  is  neces- 
sary, is  not  that  we  should  know  one  or  two  but  all  of  the  above  conditions. 

WhMi  one  is  making  up  an  estimate,  he  should  know  the  relative  cost  of 
different  methods  of  operation  under  like  conditions.  Then  it  is  possible  to 
s^ect  the  most  economical  method,  and  having  determined  this,  to  estimate 
with  a  fair  degree  of  probability  the  cost  of  the  proposed  work.  To  illustrate, 
where  the  haul  is  very  short  and  the  excavation  shallow,  buck  scrapers  or 
roed  graders  are  often  used,  while  with  longer  haul  and  a  deeper  cut  it  is 
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advantageous  to  use  elevating  graders  and  patent  dumpers.  In  this  ] 
case,  teams  with  wheel  or  drag  scrapers  may  be  better,  especially  if  the  i 
sandy,  stony  or  filled  with  roots.  A  locomotive  crane  presupposes  a  rai 
track  and  a  comparatively  short  haul,  whereas  a  steam  shovel  may  be 
with  an  engine  and  cars,  where  a  railroad  track  is  used  and  the  haul  is  loi 
with  teams  and  either  dump  wagons  or  scrapers.  If  the  Job  is  large,  so 
the  unit  cost  of  organizing  the  force  and  moving  the  plant  is  small,  it  is  i 
rule  to  avoid  manual  labor  wherever  possible.  The  work  is  always  rec( 
in  cubic  yards,  preferably  of  excavation  rather  than  of  fill.  This  one  kt 
construction  will  serve  to  illustrate  the  others,  the  chief  requisite  btAng  th 
conditions  a£Fecting  the  cost  be  explicitly  stated. 

It  has  been  said  that  the  wise  business  man  never  ventures  on  a  com 
action  without  first  submitting  it  to  a  detailed  analysis  on  paper:  certaii 
that  the  wise  estimator  never  prepares  a  bid  without  doing  so.  Tli 
course  does  not  apply  to  dwellings  or  other  structures  where  the  flm 
already  completed  one  or  more  similar  buildings  imder  like  conditions 
other  words,  a  detailed  and  itemized  estimate  is  never  presumed  to  be  u 
taken  where  identical  cost  data  is  available;  cases  of  identical  construe 
however,  occur  far  less  frequently  than  is  generally  supposed. 

In  order  to  approximate  actual  costs,  it  is  imperative  for  an  estimat 
outline  a  complete  and  rational  plan  of  operation,  while  making  an  estii 
He  should  definitely  formulate  the  requirements  as  to  both  equip 
and  men — how  much  and  what  kinds  of  machinery,  how  many  sui 
tendents,  engineers,  foremen,  timekeepers,  clerks,  mechanics  and  lab4 
In  thus  mentally  organizing  his  force,  he  should  estimate  the  size  and  ma 
of  each  gang,  and  the  time  required  for  different  portions  of  the  work.  1 
should  be  correlated  as  to  their  necessary  sequence,  both  as  regardi 
disposition  of  the  working  force,  and  the  plant  employed  on  each, 
he  may  thus  plan  the  work  in  detail,  an  estimator  must  have  had  actual 
experience,  the  broader  the  better;  a  portion  of  the  time,  preferably,  spei 
his  own  money.  Few  estimators,  even  of  those  who  are  without  tUs  < 
rience,  will  question  its  advantage. 

Although  his  plan  may  never  be  carried  out,  it  is  worth  while  to  ha 
typewritten  as  a  guide  while  making  the  estimate.  Further,  it  will  be  h€ 
should  he  be  called  on  to  superintend  the  work  or  as  a  means  of  deta: 
his  estimate,  in  case  of  excessive  costs. 

It  is  of  especial  importance  that  an  estimate  be  localized — adapted  ti 
particular  work  in  hand  and  none  other — suiting  the  existing  condi 
only,  because  made  for  them.  When  another  estimate  is  needed,  eva 
similar  work,  take  this  one  to  pieces  and  build  it  up  again  in  accordance 
the  new  requirements  and  the  new  conditions.  If  a  Job  is  of  sufficient  Id 
tance  to  demand  an  estimate,  it  is  worth  a  new  analysis,  an  individual  syi 
sis.  This  does  not  mean  that  the  estimate  shall  be  elaborate;  if  the 
is  simple,  make  the  estimate  so,  but  make  it  definite  and  detailed. 

The  chief  items  of  the  usual  estimate  consist  of  quotations  on  material 
freight  rates  from  the  factory  to  the  work — the  theoretical  cost  of  mat( 
at  the  job.  Before  the  true  cost  of  materials  is  determined,  allowance 
be  made  for:  (a)  delays  in  shipment,  (b)  delays  in  transportation,  (o)  switi 
and  demurrage  charges,  (d)  unloading  and  storage,  (e)  hauling  and  leloc 
one  or  more  times,  (f)  shortage  and  broken  material,  (g)  wrong  shipn 
and  reordering. 

Even  then,  this  is  but  the  beginning  of  an  estimate,  and  the  least  dHWcaiH 
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Fiequently  sub-contractors  are  asked  for  bids,  with  a  view  to  sub-letting 
portions  of  the  work,  or  as  a  check  on  the  company's  own  estimate.  It  is 
often  well  to  make  it  serve  both  purposes,  for  in  many  cases  smidl  contractors 
can  handle  specialized  portions  of  the  work  for  less  money  than  large 
contractors. 

Next  to  cost  records  on  work  practically  identical,  a  man's  own  experience, 
properly  classified  and  tabulated,  is  the  most  reliable  asset  of  an  estimator. 
In  nearly  all  cases,  however,  this  must  be  supplemented  in  order  to  cover  the 
required  field;  even  specialists  finding  a  diversified  knowledge  none  too  broad 
to  embrace  the  different  forms  of  construction  which  will  at  times  enter  their 
work. 

Since  it  is  manifestly  impossible  for  a  man  to  have  had  experience  In  all 
lines  of  construction,  even  in  all  phases  he  may  be  called  on  to  estimate,  it 
becomes  necessary  to  use  published  data  to  some  extent.  Books  like  Gillettes' 
"Handbook  of  Cost  Data"  are  very  helpful.  Many  valuable  data  are  pub- 
lished in  the  technical  journals,  although  few  engineers  classify  and  index 
them  convenient  for  reference.  General  conceptions  may  be  formed  by 
noting  contract  prices,  although  this  is  of  less  value  than  would  at  first  appear, 
owing  partly  to  unbalanced  bids,  but  mainly  because  one  knows  nothing  of  the 
specifications  and  local  conditions. 

Test  pits  are  of  great  value  in  estimating  the  cost  of  excavation  work  and  the 
necessary  depths  for  foundations.  The  difficulty  being  that  owners,  to  whom 
the  work  Intimately  belongs,  will  seldom  incur  the  necessary  expense; 
and  contractors  usually  prefer  to  "make  a  guess  at  it"  rather  than  spend 
money  for  some  one  else  to  profit  by.  It  would  often  be  ultimate  economy 
for  owners  to  show  the  actual  conditions  underground  rather  than  let  bidders 
take  chances,  for  the  "gambler's  chance"  means  high  bidding  orimsatis- 
factoiV  work. 

Where  a  considerable  portion  of  any  work  is  new  to  a  bidding  firm,  or  where 
its  i)ersonnel  is  limited  in  numbers  or  experience,  a  omsulting  engineer, 
architect  or  construction  superintendent  is  frequently  called  in  consultation. 
This  is  a  commendable  practice  and  could  more  often  be  followed  to  advan- 
tage. The  chief  difficulty  is  that  architects  usually  estimate  by  the  cubic  foot 
ot  building  or  square  foot  of  fioor  area,  thus  making  an  approximation  on  the 
assumption  of  average  conditions;  construction  superintendents  have  a 
better  knowledge  of  methods  than  of  costs,  so  can  ordinarily  give  only  general 
ideas;  and  comparatively  few  engineers  have  systematic  cost  records  at  their 
command.  The  present  growing  interest  in  this,  the  engineer's  weakest 
point,  promises  to  be  of  great  economic  advantage  to  the  building  public,  and 
is  an  opportunity  which  should  be  embraced  by  all  engineers  who  wish  to  see 
our  profession  occupy  the  preeminent  position  which  rightfully  belongs  to  it, 
as  a  result  of  the  marvelous  achievements  which  it  has  accomplished. 

Main  Features  of  Estimatinq 

Matertcda. — In  estimating  the  cost  of  machinery,  materials  and  suppUes,  it 
is  customary  to  ask  for  quotations;  giving  general  requirements,  approximate 
date  of  delivery  and  point  of  shipment.  Only  reliable  dealers  and  manufac- 
turers should  be  asked  to  quote.  If  freight  rates  are  not  included  with  the 
quotations,  they  should  be  secured  from  transportation  companies. 

These  two  items  form  an  important,  but  by  far  the  easiest,  part  of  an  esti- 
mate.    Exclusive  of  a  firm's  reputation  for  fair  dealing  and  prompt  pay- 
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ment,  any  other  company  can  secure  as  favorable  figures;  consequently,  c 
bid  equally  low,  so  far  aa  these  items  are  concerned.  The  opportunity  : 
difference  in  the  bids  of  two  contractors  must  lie  in  some  place  other  than  1 
cost  of  materials  and  the  transportation  charges.  Usually  it  is  to  be  fou 
in  the  estimate  of  labor  or  in  the  question  of  profits. 

Existing  Conditions. — ^Aside  from  making  a  guess  at  the  labor  cost,  whj 
is  by  no  means  unconmion,  the  matter  most  often  overlooked  or  ignored 
that  of  existing  conditions;  natural,  economic  and  legal.  In  forming 
judgment  regarding  natural  conditions,  the  following  matters  should  recej 
due  consideration:  (a)  amount  and  frequency  of  precipitation,  (b>  amoi 
of  surface  water,  (c)  character  of  drainage,  (d)  depth  to  permanent  wa 
level,  (e)  kind  of  soil,  (f)  size  and  depths  of  excavations,  (g)  disposition 
excavated  material,  (h)  length  of  time  pits  will  remain  open,  (i)  amount 
shoring  and  sheeting  required,  Q)  effect  of  climate  on  materials,  (k)  effect 
climate  on  plant,  G)  effect  of  climate  on  labor. 

While  many  of  these  conditions  will  be  passed  over  as  similar  to  those 
work  already  done,  and  eliminated  by  the  use  of  cost  sheets  on  such  wo 
it  is  well  for  an  estimator  to  have  such  a  list  before  him.  On  imports 
work,  each  item  should  be  given  at  least  casual  thought,  considering  fully  sl 
as  are  especially  pertinent.  The  wide  variations  in  these  matters  betwc 
different  locaUties,  states  and  countries,  make  their  consideration  imperati 
where  close  estimating  is  desired. 

Of  but  little  less  importance  are  the  economic  conditions,  regarding  deal 
and  manufacturers,  common  carriers,  and  both  skilled  and  common  lab 
The  difference  in  service  rendered'  by  the  same  firm  or  individual  in  1892  a 
the  hard  times  immediately  following  was  very  great.  Even  morejnarked  v 
the  difference  between  the  years  immediately  preceding  and  succeeding  1 
Wall  street  panic  of  October,  1907,  with  its  resulting  aftermath.  This  shoi 
especially  be  borne  in  mind  regarding  the  quantity  and  quaUty  of  labor  p 
formed  both  by  mechanics  and  laborers,  and  the  compensation  paid  theref 
Under  this  head  should  be  considered  the  question  of  commissary  and  tra] 
portation  facilities  for  the  force  employed,  although  it  is  also  considei 
under  the  headings  of  plant  and  labor. 

In  this  connection,  the  legal  requirements  should  not  be  overlooked.  T 
is  of  especial  importance  in  large  cities  where  the  obligations  imposed  are  of  1 
onerous  to  say  the  least.  Such  matters  as  not  blocking  street  traffic,  keepi 
the  sidewalk  clear,  supporting  adjacent  buildings,  the  many  police  regu 
tions,  as  well  as  the  difficulties  of  not  transporting  materials,  not  forgetti 
the  rules  of  labor  unions,  are  matters  which  often  wipe  out  the  profit  and  lea 
a  large  deficit,  when  not  duly  considered  in  the  estimate. 

Even  in  rural  communities,  there  are  still  the  state  laws  regarding  liabilit 
of  employers,  mechanic's  liens,  the  collection  of  money  due  a  contractor,  a 
others,  either  favorable  or  unfavorable,  which  should  have  due  weight 
raising  or  lowering  one's  bid,  before  the  final  estimate  is  complete. 

It  is  essential  to  go  over  the  proposed  contract  carefully,  noting  the  ti] 
limit  and  any  burdensome  clauses  it  may  contain.  Sometimes  these  may 
altered  before  the  bid  is  submitted,  by  using  tact  and  diplomacy;  if  n 
proper  allowance  can  be  made  for  them  in  the  estimate. 

Contractor's  Plant. — The  question  of  plant  equipment  with  which  to  co 
plete  the  work  according  to  contract,  in  case  one  is  the  successful  bidder,  is 
far  reaching  importance.  It  is  an  unfortunate  custom  among  engine< 
and  contractors  to  add  a  lump  smn  or  a  percentage  for  cost  of  plant,  suppl 
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work,  and  their  bid  are  really  too  low.  That  is,  they  aire  not  sufficient  properly 
to  carry  out  the  work  and  make  a  fair  pn^t.  The  contractor  may  not  be  able 
to  complete  the  work  under  the  contract  and  additional  expense  to  the  owner 
will  have  to  be  met. 

Second,  in  applying  the  bid  prices,  or  contract  prices  to  new  work,  it  is 
YQfy  easy  to  overlook  entirely  some  items  in  the  work.  A  price  that  relates 
to  a  part  of  the  work  may  be  taken  as  applying  to  the  whole  of  it  through 
ignorance  or  failure  to  make  a  fair  and  full  comparison. 

Third,  the  schedule  of  quantities  prepared  by  the  engineer  for  use  in  the 
specifications  on  which  bids  were  obtained  may  be  inaccurate  and  may  not 
correspond  with  the  final  quantities  when  the  work  is  completed. 

Fourth,  the  items  of  extra  work  growing  out  of  conditions  that  either  were 
not  anticipated,  or  that  were  intentionally  excluded  from  the  contract  by  the 
engineer  as  a  matter  of  policy,  are  overlooked  and  ignored. 

For  these  and  similar  reasons,  estimates  prepared  from  contract  prices 
or  from  low  bids  reported  are  almost  invariably  too  low  and  frequently 
may  be  too  low  by  a  very  large  percentage.  An  estimate  made  in  this  way 
Is  a  low  estimate.  The  figures  may  be  arranged  to  make  a  very  convincing 
showing  in  support  of  it,  but  it  remains  notwitlistanding  a  low  estimate. 

Estimatea  Baaed  on  Averages. — In  many  municipal  and  corporate  reports  one 
may  find  records  of  the  monies  actually  expended  in  carrying  out  certain 
developments.  It  is  easy  to  find  such  records  and  to  compile  them  and  to 
deduce  from  them  a  figure  which  may  be  used  as  representing  the  probable 
cost  of  a  proposed  work  of  similar  character.  Some  works  represented  by 
such  figures  may  have  been  done  in  an  efilcient  an  economical  manner,  and 
the  figures  so  obtained  may  be  reliable  and  proper  ones  for  use.  Frequently, 
some  or  all  of  the  work  taken  for  use  in  this  way  was  done  under  conditions 
tiiat  were  not  efficient,  and  the  cost  of  doing  it  may  include  other  items  than 
those  relating  to  the  construction  work.  It  is  easy  to  select  data  in  this  way 
to  back  up  a  high  estimate,  and  to  make  a  showing  that  is  convincing  to  those 
not  familiar  with  the  methods. 

A  Fair  Basis  of  Estimate. — A  fair  basis  of  estimate  does  not  exclude  either 
of  the  above  methods,  but  will  take  into  account  data  secured  under  either  for 
what  it  is  worth,  and  will  make  allowances  for  the  conditions,  or  supposed 
conditions,  imder  which  the  bids  were  received,  or  the  work  was  done.  A  fair 
basis  of  estimate  will  also  give  much  greater  weight  to  final  estimates  of  work 
as  comparable  as  may  be  to  the  work  that  is  proposed  where  the  work  was 
done  under  conditions  known  to  be  careful  and  economical.  The  engineer 
in  making  such  estimates  will  naturally  and  rightly  give  greatest  attention  to 
work  done  imder  his  own  direction,  and  will  give  second  place  to  work  done  by 
his  friends  and  acquaintances  with  which  he  is  reasonably  familiar  as  to  condi- 
tions met  and  methods  used  in  the  construction. 

The  Weighted  Price  Method. — The  number  of  different  kinds  of  work  for 
which  unit  prices  may  be  obtained  is  very  great.  If  an  efifort  is  made  to  keep 
track  of  the  amount  of  work  of  each  kind,  and  to  estimate  the  amount  of  it 
in  the  proposed  work,  the  schedule  will  be  too  complicated  and  the  labor  of 
applying  the  figures  will  be  imduly  increased.  Moreover,  if  the  schedule  used 
for  comparison  is  too  complicated,  some  items  are  sure  to  be  overlooked,  with 
the  result  that  too  low  a  final  figure  will  be  reached.  In  order  to  prevent 
both  of  these  conditions  it  is  frequently  best,  in  preparing  preliminary  esti- 
mates, to  take  only  a  limited  number  of  the  main  items  of  work  that  are 
involved  in  the  kind  of  construction  that  is  contemplated,  and  to  weight  the 
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These  illustrations  serve  merely  to  emphasize  in  a  concrete  way  the  imiM 
tance  of  good  superintendence,  and  are  in  no  sense  suggested  as  a  practi< 
method  of  arriving  at  the  labor  cost.  In  failing  to  estimate  correctly  t 
human  element,  specially  "the  man  at  the  top,"  more  than  in  all  ott 
factors  combined,  is  to  be  found  the  reason  why  careful  estimates  so  oft 
fail  utterly  to  agree  with  actual  costs. 

Following  superintendence,  the  next  matter  to  be  considered  is  the  quali 
and  quantity  of  labor.  Skilled  and  unskilled  labor  should  be  consider 
separately. 

Superintendence,  nationality,  quarters  and  climate  are  the  leading  facte 
in  forming  an  organization,  and  those  which  most  largely  affect  the  labor  co 
The  first  of  these  is  of  prime  importance  and  is  usually  greatly  underes 
mated.  For  real  economy  in  handling  men  and  work,  a  good  man  is  preferal 
to  a  poor  one,  although  he  demand  twice  the  salary.  It  Issafe  to  allow  libei 
salaries  in  estimating  the  cost  of  superintendence.  The  best  contractc 
seldom  permit  the  question  of  salary  to  stand  in  the  way  of  retaining  a  real 
efiQcient  superintendent  or  foreman. 

The  effect  of  conunlssary,  climate  and  local  conditions,  as  before  mentionc 
must  be  kept  in  mind.  The  proximity  of  saloons  and  dens  of  vice  have  a  ve 
noticeable  effect,  at  times  increasing  the  labor  cost  10  to  25  per  cent. 

After  determining  the  main  features  of  labor  cost,  the  experienced  m 
knows  that  numerous  items  in  addition  will  come  to  light  during  acti 
construction.  These  are  almost  impossible  to  compute  previously,  exce 
by  giving  careful  thought  to  every  detail,  as  suggested  above.  Frequently 
percentage  is  added  to  cover  these  contingencies;  this  is  commendable,  if  ea 
form  of  construction  is  considered  on  its  merits,  and  the  percentages  vari 
according  to  the  elements  of  uncertainty  involved.  The  following  are  soi 
of  the  more  obvious  of  these  features: 

The  commissary,  which  may  prove  either  a  debit  or  a  credit,  depending  on : 
purpose  and  management. 

Sanitation,  including  potable  water,  closets,  sewers,  drains  and  baths,  and 
always  a  debit. 

Medical  cUtendance,  which  usually  produces  a  debit  on  small  works  and 
credit  on  large  ones. 

Labor  insurance,  which  is  always  a  cost  item,  directly  or  indirectly. 

Labor  agency,  which  should  produce  a  credit,  if  undertaken, 
f  Walking  delegates,  each  to  be  considered  on  his  individual  merits  if  kno^ 

i  otherwise  on  his  reputation. 

A  Complete  Cost  Estimate 

I  Losses  and  Margins  of  Safety. — In  addition  to,  and  supplementing  t 

j  outline  given  in  the  previous  sections,  a  series  of  items  too  often  overlook 

I  consists  of  what  may  be  called  losses  and  margins  of  safety.    Among  th< 

may  be  mentioned:  (a)  lost  and  broken  material,  (b)  delay  in  arrival  of  ma 
I  rials,  (c)  rehandling  materials,  (d)  storage  of  materials,  (e)  cost  of  organizi 

the  force. 

The  first  item  can  best  be  offset  by  percentages  on  the  labor  and  mater 

cost,  each  class  of  work  being  considered  separately.     Regarding  the  secoi 
I  it  is  often  best  to  allow  the  salary  and  traveling  expenses  of  a  good  man  ( 

large  works,  two  or  more)  to  follow  up  shipments  and  see  that  they  arrive 

time.    The  unavoidable  delay  and  consequent  expense  still  remaining  will 
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is  one  which  may  be  called  the  ratio  method.  A  schedule  is  made  of  a  limited 
number  of  items  of  work  which  represent  the  greater  part  of  the  construction 
in  the  several  cases.  A  simple  schedule  of  unit  prices  is  then  formed,  cor^ 
responding  to  the  units.  One  fixed  price  is  assumed  for  each  kind  of  work. 
The  price  assumed  should  be  a  reasonable  one,  and  as  nearly  as  is  known  an  aver- 
age one,  but  precision  is  not  to  be  expected  and  a  round  figure  may  always  be 
used.  The  amount  of  work  under  each  item  in  each  job  is  ascertained  and  the 
assumed  prices  are  applied  to  them.  The  sum  of  the  amounts  for  each  job 
represents  what  that  job  would  have  cost  at  the  assumed  prices.  A  compari- 
son between  the  actual  cost  and  the  cost  at  the  assumed  prices  gives  an 
idea  of  the  relative  economy  of  the  work.  It  may  be  found,  for  example, 
that  one  piece  of  work  cost  20  per  cent  more  than  the  amount  obtained  by 
applying  the  assumed  prices;  another  piece  of  work  cost  12  per  cent  more 
and  a  third,  7  per  cent  less.  When  the  records  of  a  number  of  known  pieces 
of  work  are  compared  in  this  way  it  furnishes  a  basis  for  making  a  preliminary 
estimate  for  work  of  the  same  class.  In  doing  this  the  quantities  for  the  pro- 
posed work  are  ascertained,  the  base  prices  are  applied  to  them  and  a  ratio 
by  which  the  sum  so  reached  is  to  be  increased  or  diminished  is  ascertained 
by  consideration  of  the  ratios  actually  found  to  have  been  obtained  in  the 
jobs  for  which  cost  records  are  at  hand. 

In  arriving  at  the  ratio  to  be  used,  the  engineer  will  compare,  perhaps  in  his 
mind  and  without  written  schedules,  the  ease  or  difficulty  of  the  proposed 
work  as  compared  with  the  ease  or  difficulty  of  the  various  works  which 
served  as  a  base;  will  take  into  account  differences  in  labor  conditions,  in 
freights  and  deliveries;  will  take  into  account  the  known  or  assumed  efficiency 
or  lack  of  efficiency  in  the  execution  of  the  several  pieces  of  work  from  which 
his  basic  data  were  derived,  and  will  reach  an  estimate  of  the  addition  or 
subtraction  to  be  made  to  or  from  the  base  price  in  each  case. 

This  method  is  commonly  combined  with  the  preceding.  That  is  to  say, 
the  base  prices  are  usually  loaded  prices. 

This  method  affords  a  convenient  and  efficient  method  of  comparing  the 
relative  costs  of  different  works  where  the  loaded  unit  price  method  cannot  be 
applied  and  in  experienced  hands  it  affords  a  rapid  and  reliable  method  of 
making  preliminary  estimates  upon  many  classes  of  structures. 

Extra  Coat  of  Novel  Designs. — Work  on  novel  designs  commonly  costs 
more  than  work  following  standard  designs.  This  is  true  even  when  well 
tried  methods  are  first  introduced  in  new  places.  Such  work  may  be  too  small 
to  attract  bidders  from  a  distance.  The  unit  cost  will  then  Overrun  antici- 
pated prices.  An  under  estimate  of  cost  is  frequently  made  on  work  because 
the  estimator  fails  to  realize  what  a  great  effect  familiarity  with  the  methods 
of  performing  work  has  upon  the  cost.  To  realize  tliis,  one  has  but  to  think  of 
the  difference  between  present  methods  and  costs  of  building  tunnels  and  sub- 
ways and  deep  foundations,  and  the  methods  and  costs  of  only  15  or  20  years 
ago.  Not  only  is  the  risk  which  the  contractor  takes  now  less,  but  methods 
which  have  been  thoroughly  tried  out  are  at  his  disposal  as  well  as  experienced 
foremen  and  laborers  to  do  the  work  more  economically.  For  a  structure  ot 
new  or  novel  design  much  caution  in  using  prices  that  may  be  standard  on 
other  kinds  of  work  must  be  used. 

Small  Jobs  Cost  More  in  Proportion  than  Large  Ones. — ^Another  conunon 
cause  of  under  estimating  costs  is  the  use  of  figures  on  large  pieces  of  work  for 
estimating  small  work.  The  engineer  often  overlooks  the  large  cost  of  over- 
head charges,  the  waste  of  labor  and  the  cost  of  plant  caused  by  organizing  a 
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Realizing  that  contracting  is  an  art.  not  an  exact  science,  he -will  bear  in  mii 
the  keenness  of  competition  and  the  builder's  reputation  for  fair  dealin 
If  the  latter  is  questionable,  it  is  doubtful  wisdom  even  to  i^aoe  a  bid. 

If  the  general  manager  does  the  estimating  himself,  it  is  well  to  rememb 
that  few  contractors  have  become  bankrupt  because  at  not  securing  co 
tracts;  many  because  their  work  was  not  handled  economically  and  honestl, 
while  the  vast  majority  who  have  failed  have  been  able  to  secure  contract 
have  handled  their  work  to  fair  advantage,  but  have  been  unable  to  secu 
reasonable  acceptance  and  prompt  payment;  the  situation  most  lik^y  beii 
aggravated  by  having  taken  the  work  too  cheaply.  For  this  reason,  son 
managers  add  a  small  amount  to  cover  interest  on  borrowed  money  to  me 
I  expenses  while  waiting  on  deferred  payments. 

With  this  in  mind,  two  additional  columns  are  sometimes  added;  one 
which  to  place  the  percentage  of  work  completed ;  the  other,  the  cost  of  san 
to  date.    An  estimate  prepared  as  here  outlined,  with  costs  appended  durii 
the  progress  of  the  work,  helps  greatly  in  borrowing  money  with  i^iich  to  tk 
over  unforseen  emergencies. 

These  matters  call  for  business  ability  rather  than  engineering  training,  ai 
their  successful  handling  is  the  final  test  of  a  man's  ability  to  secure  contrac 
advantageously.    An  intelligent  estimate  will  preclude  the  probability 
^  taking  work  at  a  loss,  but  will  never  enable  a  firm  to  secure  work  at  a  mas 

^  mum  profit. 

I  Sewage  Disposal  Plant. — As  an  illustrative  example,  part  of  an  estimate'^ 

I  cost  for  the  sewage  disposal  plant  at  Washington,  Pa.,  is  given.     (See  Table  1 

i  The  broken  stone  was  to  be  quarried  and  crushed  at  a  quarry  belonging 

the  borough,  which  accounts  for  no  allowance  for  rental.     It  was  located  at 

distance  of  500  ft.  from,  and  at  an  elevation  of  50  ft.  above,  the  propoM 

plant. 

A  branch  line  of  railroad  runs  next  the  site,  accounting  tor  the  absence 
drayage  in  most  cases.     General  expense  was  estimated  as  follows: 


I 


^1 
-I 


Per  ce 

Office 8 

Drafting  room 1 

Labor  insurance 1 

Interest 1 

Adjustments 1 

This  percentage,  with  minor  exceptions,  is  computed  on  colunma  1  to 
inclusive. 

Profit  was  estimated  at  from  5  per  cent  to  10  per  cent  on  materials,  includii 
columns  1,  2,  6,  9  and  10,  and  10  per  cent  to  15  per  cent  on  labor,  includii 
columns  3,  4,  5,  7  and  8.  Exceptions  were  made  on  item  45,  where  2^  P 
cent  on  materials  and  7  per  cent  on  labor  was  used,  as  the  company  w; 
desirous  of  underbidding  machinery  firms;  25  per  cent  on  the  different  class 
of 'concrete,  as  the  company  felt  sure  that  bidding  prices  would  be  hlg 
30  per  cent  on  the  broken  stone,  as  this  still  kept  it  below  the  price  at  wbU 
stone  could  be  shipped  in. 

It  will  be  noted  that  the  mix  is  given  in  each  of  the  concrete  items  imme^ 
ately  to  the  left  of  the  ingredients.  Where  a  figure  is  included  in  parenthesJ 
as  (1)  under  freight,  it  signifies  that  the  freight  is  included  in  the  amoui 
given  in  colunm  1.  An  x,  as  in  column  3,  means  that  there  was  no  diayage  < 
that  item. 
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not  possible  to  do  it  satisfactorily.  Yet  it  must  needs  be  done,  therefore  the 
ability  may  be  attained  to  do  it;  provided  always,  that  it  is  midertaken  with  a 
cx>mplete  understanding,  not  alone  ot  its  importance,  but  of  its  requirements 
and  limitations  as  well. 

Certain  characteristics  are  essential:  A  man  must  be,  (a)  a  logical  thinker, 
(b)  a  constructive  organizer;  he  must  have,  (a)  an  analytical  mind,  (b)  an 
active  imag^ation,  well  under  the  control  of  reason;  he  must  acquire,  (a)  the 
habit  of  forming  definite  judgments  and  conclusions,  (b)  the  practice  of 
systematizing  on  paper. 

In  addition  to  these,  it  is  imperative  to  have  had  shop  or  field  experience, 
preferably  both,  and  to  have  accumulated  systematic  notes  and  records  of 
cost.  A  technical  education  is  of  advantage  and  some  designing  experience 
is  helpful. 

If  one  is  to  follow  estimating  professionally,  as  an  architect,  estimator  or 
consulting  engineer,  his  practical  exx)erience  should  be  broad  and  diver- 
sified. While  on  field  work  he  should  have  studied  methods  and  collaborated 
cost  data;  both  for  future  use  in  estimating,  and  as  a  guide  in  using  information 
compiled  by  others. 

In  such  records,  it  is  not  sufficient  that  quantities  of  work  and  their  cost 
be  given:  he  should  note  the  rate  of  wages,  the  quality  of  work,  the  class  of 
labor,  the  conditions  regarding  weather  and  the  arrival  of  supplies  and 
materials,  as  well  as  special  conditions  either  favorable  or  unfavorable;  so 
that  in  using  this  data  he  may  be  able  to  form  a  rational  judgment  as  to  how 
nearly  other  work,  the  cost  of  which  he  is  called  upon  to  estimate,  will  be 
contndled  by  like  conditions. 

As  an  illustration,  let  us  assume  that  one  is  recording  data  on  excavation. 
In  such  case  it  would  be  well  to  make  note  of  how  the  work  was  done;  whether 
with  (a)  steam  shovel,  (b)  locomotive  crane,  (c)  teams  and  wheelers,  (d) 
teams  and  slips,  or,  (e)  men  with  picks  and  shovels;  whether  the  hauling 
was  done  with  (a)  locomotive  and  fiat  cars,  (b)  dinkies  and  dump  cars,  (c) 
teams  and  patent  dumpers,  (d)  horses  with  carts,  or,  (e)  men  with  wheel- 
barrows; and  whether  it  was  loosened  by  (a)  mem  with  piclu,  (b)  teams  with 
plows  or  rooters,  or  (c)  blasting  with  dynamite  or  giant  powder. 

It  is  also  necessary  to  give:  (a;  character  of  excavated  material,  (b)  depth 
of  cut  and  height  of  fill,  (c)  length  of  haul,  (d)  condition  of  roads  or  tracks,  and 
(e)  special  features  which  either  facilitated  or  hindered  progress. 

If  the  excavation  is  in  rock,  there  will  be,  in  addition,  (a)  method  of  drilling, 
(b)  method  of  blasting,  (c)  method  of  loading  and  unloading. 

There  are  other  combinations  than  those  suggested,  but  these  cover  the 
usual  methods  of  handling  earth.  While  no  other  form  of  construction  is 
susceptible  of  being  handled  in  so  many  different  ways,  yet  this  serves  admir- 
ably to  illustrate  how  meagre  are  the  usual  cost  data  as  given  in  the  period- 
icals or  technical  papers.  To  say  that  an  excavation  cost  40  cts.  per  cu.  yd. 
means  absolutely  nothing,  for  it  might  have  cost  anywhere  from  5  cts.  to  $5, 
and  the  work  still  have  been  handled  to  the  best  advantage.  What  is  neces- 
sary, is  not  that  we  should  know  one  or  two  but  all  of  the  above  conditions. 

When  one  is  making  up  an  estimate,  he  should  know  the  relative  cost  of 
different  methods  of  operation  under  like  conditions.  Then  it  is  possible  to 
select  the  most  economical  method,  and  having  determined  this,  to  estimate 
with  a  fair  d^ree  of  probability  the  cost  of  the  proposed  work.  To  illustrate, 
where  the  haul  is  very  short  and  the  excavation  shallow,  buck  scrapers  or 
road  graders  are  often  used,  while  with  longer  haul  and  a  deeper  cut  it  is 
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Owing  to  lck:al  conditions,  the  questions  of  commissary  and  medical  attend- 
ance were  not  considered  in  this  estimate. 

The  cost  of  plant  is  figured  for  each  item,  deducting  its  value  as  second- 
hand tools  and  machinery  after  the  woric  was  done. 

The  cost  of  organizing  the  force  falls  mainly  on  those  items  which  would  be 
undertaken  in  the  earlier  part  of  the  construction  worlc.  The  following 
table  will  be  found  helpful,  as  a  general  guide  only,  in  estimating  the  cost  of 
organizing  a  force;  the  actual  amounts  in  all  cases  being  dependent  on  many 
of  the  conditions. previously  noted. 

l8t        2d        3d       4th 
mo.      mo.      mo.      mo. 
Max.  force  employed, 
100  men. 

1  supt.  at  $100  per  mo $  50  $  25 

0-6  foreman  at  $60  per  mo 90  90 

0-60  men  at  $1.75  a  day 415  .... 

50-100  men  at  $1.75  a  day 300 

Field  office  help 100  60 

Total,  $1,120— $11.20  per  man. 

Max.  force  employed, 
500  men. 

1  supt.  at  $200 $100 

0-15  foremen  at  $75 360 

15-20  foremen  at  $75 

20-25  foremen  at  $75 

0-100  men  at  $1.75 440 

100-300  men  at  $1.75 

300-500  men  at  $1.75 

1  asst.  supt.  at  $150 100 

Field  office  help 300 

Total,  $4,280-$8.56  per  man. 

Max.  force  employed, 
1,000  men. 

1  gen.  supt.  at  $400 $200 

0-3  supts.  at  $175 235 

3-6  supts.  at  $175 

0-20  foremen  at  $75 375 

10-30  foremen  at  $75 

30-50  foremen  at  $75 

0-200  men  at  $1.75 875 

200-500  men  at  $1.75 

500-800  men  at  $1.75 

800-1,000  men  at  $1.75 

Field  office  help 400 

Total,  $5,580 — $5.58  per  man. 

In  the  present  instance,  the  company  already  had  in  its  employ  trained 
superintendents,  foremen  and  mechanics;  so  the  cost  of  organizing  the  force 
was  estimated  at  a  figure  considerably  less  than  suggested  above.  like 
all  other  features  of  an  estimate,  it  is  evident  that  each  case  must  be  deter- 
mined on  its  merits  and  considered  accordingly. 

FiUration  Plant. — The  estimate  next  given  is  that  of  a  filtration  plant  at 
Roanoke,  Va.,  of  4,000,000  gallons  daily  capacity.  It  was  for  a  lump  sum 
bid,  consequently  the  arrangement  is  somewhat  different  than  in  the  pie- 
ceding  estimate. 

Near  the  end,  under  "Accessories,"  the  amounts  given  in  the  colunms  for 
Material  and  Freight  cover  "Lost  and  Broken  Material;"  under  Drayage  and 
Labor,  "Rehandling  Material"  and  "Organizing  the  Force." 
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Unit  bids  not  being  called  for,  Plant,  Superintendence,  (ieneral  Exf>ense  and 
Proflt  are  not  distributed,  but  added  at  the  end  to  make  up  the  final  cost. 

Tabim  II. — EaniiATB  or  Coax  of  a  Filtration  Plant 

Coagulating  Barin —                 Material     Freicht     Drayage  Labor 

Ezeavation,  2300  yds. 

Plow  and  scraper.  2.500  yds $500 

Pick  and  shovel.  300  yds 90 

Concrete.  606  cu.  yds 802 

Cement.  655  bbls.  at  f  1.85 $1 .207         (1)           $106  

Broken  stone  and  sand.  511  yds.  at  $2.       1.022         ...              (1)  

Forms.  4.6  M  f.  b.  m 02         ...              (1)  60 

Water 15         ...              ...  10 

Riinforcement,   1.000  aq.  ft.  expand. 

metalai.04 40             2                2  20 


Filter 
Excavation.  685  yds. 

Flow  and  scraper.  625  yds ...  ...  125 

Pick  and  shovel.  60  yds ...  18 

Concrete.  260  yds. 

Materials  and  forms  (as  above) 1 .  132         ...  117  470 

Reinforcement.  18.855  lbs.  at  .02 377  43  15  204 

Wrought  iron  railing.  80  ft.  180>lb.  at 
.45  per  ft 36  2  1  7 

Clear  Well — 

Excavation.  1.100  yds. 

Flow  and  scraper.  1.(j75  yds ...  ...  215 

Hck  and  shovel.  25  yds ...  8 

Concrete,  282  cu.  yds ...  353 

Materials  and  forms 1.154  93  10 

Betnforeement.  none  req'd. 

Roof. 

Framing,  25.7  M  f.  b.  m 514         ...  (1)  180 

Sheathing.  9.7  M  f.  b.  m 194         ...  (1)  68 

Composition  roofing,  81  sqs.  at  $3.50. .  284         ...  (1)  81 

Building-^ 

Concrete.  4^  yds.  (same  as  filters) 270            8              24               120 

Brick  (common),  235.000  lbs..  47.000 

at$7.50 352         (1)                176             376 

Bride  (pressed),  47.500  lbs..  9.500  at 

$34 228         (1)               36                 80 

MiU  work. 

12  windows  at  $3.75,  2  doors  at  $2.50. .  60         . . .                 2                35 

Roof, 

Framing.  5  M.  f.  b.  m 100         ...              (1)                 75 

Sheathina.  3  M.  f.  b.  m 60         . . .              (1)                 30 

Slate,  9  T.,  28  sqs.  at  $8 224         (1)                14               168 

Scaffolding,  3  M.  f.  b.  m 60         . . .              (1)                 30 

Fsinting 25         ...              (1)                 60 

Hardware, 

Openings,  14  at  $1.50 21 

Ruin,  36  ft.  galv.  iron 9         ...                 1                   3 

Conduetora.  80  galv.  iron 20         . . .                 1                  8 

Guttcn.  215  galv.  iron 54         . . .                 2                23 

Bearing  plates  and  tie  rods.  322  lbs.  at 

.06.T..Tr. 16         ...                 1                  4 

Treating  Plantr— 
Tanks,  4  req'd.  (inc.  under  "Coag. 

Basin").  < 

Orifice  boxes,  2  at  $15 80  1  1  5 

Bran  pipe  and  fittings,  aa  per  list 152  1  1  20 

Mcrehant  steel  pipe  and  fit.,  aa  per  list.  22  1  1  % 

Depth  gausest  4  at  $00. .  .^ 240  1  1  10 

aSmSSSlbdm,  2  Mt  SJS, 26        (1)  (1)  % 
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Machinery — 
Pelton  wheel,  >4  ft. 
Centrifugal  pump,  1-lb.  10  M. 

Blower,  1-lb.  2;  3.5  T.  total 810 

Pelton    wheel,    1-    like    Lorain    Cent, 
pumps,  2-  like  Lorain 260 

Equipment — 
Inlet  controller,  1-16  "  butterfly  valve 

and  float 91 

Water  manifold  and  strainers,   14,280 

lbs.,  1,428  sq.ft.  at  S1.25 1,785 

Air  manifold,  4,450  lbs.,  1,428  sq.  ft.  at 

.70 1,000 

Wash   troughs,    8-168   ft.,    8,400   lbs., 

$4.50  per  ft 751 

Gate  Valves — 

4-6"  flanged  at  $8.10 32 

4-10"  flanged  at  $24.30 97          ...               ...               . . .  ] 

4-10"  angle  at  $43.50 174  ...  ...  

3-10"  high  pressur    at  $22.50 68 

4-5"  flanged  at  $6.75 27 

1-6"  flanged  high  pres.  at  $9 9          ...              ...               . . . . 

1-10"  flanged  foot,  at  $21.28 21  ...  ...  

6,700  lbs 24                 6                 6< 

Sluice  Gates — 

4-10"  flanged,  at  $19.50 78  ...  ...  

4-12"  flanged,  at  $26.25 105  . .'.  ...  

Valve  stands,  non-indicating.  20  at  $5.  100  ...  ...  

1-10"  regulator   valve 231  ...  ...  . . . . 

Loss  of  head  gauges,  4  at  $65 260         ...  ...  

9,200  lbs.,  total -27  7  93 

C.  I.  Pipe— 
B  &  S,  14,180  lbs. 

Heavy  wt.  6"-50',  1680  lbs 29         (1)  1  11 

Heavy  wt.  10"-200,  12,500  lbs 219  (1)  10  S 

;  Standard  10"-12',  720  lbs.,  3  pes 58  (1)  1  S 

Lead  and  jute,  22-10".  and  7-6"  joints  33  (1)  1 

Specials,  B  &  S,  1.330  lbs. 
1-10"  tee,  300  lbs. 
1-10"  ell,  214  lbs. 
1-10"  Y,  370  lbs. 
1-10  X  10  X  6"  Y,  255  lbs. 
2-6"  ells.  190  lbs. 

8-12" -60  ells 69  (1)  3  8 

|i  Lead  and  jute,  4—10"  and  8-12"  joints.  9  ...  ...  ... 

i  Specials  flanged,  4,168  lbs. 

"  1-16"  X  10'  F  &  F,  1.207  lbs. 

6-10"  X  3'  3"  FF  &  S,  1,310  lbs. 
4^12"  X  2'  9"  FF  &  S,  1,108  lbs. 
5-10"  X  1'  3"  F  A  S,  543  lbs. 

4r-6"  X  3' 3"  F  &  S 31 

'  4-10  X  10  X  6"  side  outlet  T's 60 

Bolts  and  gaskets 23 

Flanged,  9,147  lbs. 

.1  4-10"  X  5'  2" 75  ...  ...  

n  4-8"  X  8'  9" 63  ...  ...  

;  4-10"  X  3' 0" 54 

1-12"  X  16'  4" 38  ...  ...  

'l  2-12"  X  15' 6" 74  ...  ...  

1-12"  X7'0" 17  ...  ...  

4-6"  X  1'  8" 15       21  7  00 

Flanged  fittings,  standard,  3,685  lbs. 

1-12"  ell 12  ...  ...  

8-10"  ells 70  ...  ...  .... 

4-8"  ells 22         ...  ...  ..;. 

4-6"  ells 13         ....  ...  .... 
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4-10  X  8  X  8"  tees. 58  ...             ...             

2-12  X  10"  crosses 41  9  4                 36 

M.  S.  Pipe- 
Random  lengths,  2,430  lbs. 

6"  X  GO'  at  .565 34  ...              ...              

5"X90'at.435 39  ...              ...              

40  ends  threaded,  at  .30. .  ..* 12  5  2                 15 

Fittings,  469  lbs. 

4-5"  ells  at  .52 2  ...              ...              

2-6"  ells  at  .72 2  ...              ...              

2-6  X  8"  crosses  at  $1.92 4  ...              ...              

l-6"rfu«at.29 0  ...              ...              

8-5"  flanges  at  .505 4  ...  ...              .... 

4-5"  flange  unions  at  .72 3  ...  ...              .... 

2-6"  flange  unions  at  .89 2  1  1                   6 

Vitrified  Pipe — 

Standard,  29,150  lbs. 

24"-170' at  .715 121 

15"-70' at  .297 21  (1)  40                45 

Fittings, 

2-24  X  10"  crosses 13  ...              ...              

2-16  X  12"  crosses 6  (1)                  1              

Channels, 

8"  X  34' at  .05 2 

12"  X  20' at  .10 2 

Standard, 

12"  X  1030' at  .17 175 

8"  X  240'^  at  .08  K 20  (1)  28                   6 

Miscellaneous — 
Manholes, 

Brick,  4,316  at  $9.50 41  (1)  4               38 

Cement,  22  bbls,  at  $1 22  (1)                   6           

Sand,  3  yds.  at  $1 3  (1)  3 

lime.  3  bu.  at  $1 .- 3  (1)                (1)           

Covers  and  frames,  7  at  $7 49  (1-)  2                 7 

Filter  sand  and  gravel,  252  T.  at  .65. .  164  ...  378             126 

Excavation,  516  yds ...  516 

Accessories — 

Coagulating  basin 120  ...  5               240 

Filter  tanks *    75  5  5  120 

Clear  well 110  5  ...                140 

.  Building 135  ...  25               100 

Treating  plant 25  ...  ...                  10 

Machinery 20  .  . .  5                 20 

Equipment 50  10  ...                  25 

Gate  valves 5  ...  ...                  10 

Sluicegates 10  5  ...                  15 

Cast  iron  pipe 55  ...  5                 40 

Merchant  steel  pipe 5  5  5                   5 

V^itrified  pipe 35  ...  10                 10 

Miscellaneous 30  ...  40               170 

Total $24,727 

Plant 300 

Superintendence 500 

General  expense 2,500 

Profit 5,000 

Amount  of  bid $33 ,  027 


Factors  a  Contractor  Should  Consider  in  Estimating. — The  average  contractor 
forgets  a  great  many  things  which  should  be  included  in  making  up  his  esti- 
mate. It  is  true  that  many  of  these  items  are  small  and  it  might  seem  that 
th^  are  insigmficant,  but  when  several  are  taken  together  the  cost  increases 
ttpMly.  -  In  an  interesting  article  in  the  January  Contractor's  Atlas,  D.  S. 
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Bid  Should  Bb 

Usual  estimate. $126,686.42 

Plus  items  overlooked 9,005.00 

Correct  estimate $136,690.42 

Plus  10  per  cent  profit 13,569.04 

Correct  bid $149. 149.46 

It  frequently  happens  that  the  general  specifications  are  glanced  oveft  in  a 
superficial  manner,  the  contractor  immediately  taking  the  plans  and  specific 
spedficatioDs  and  estimating  all  materials  and  workmanship.  When  the  ma- 
t^als  and  labor  have  been  figured  from  these,  99  per  cent  of  the  contractors 
think  that  nothing  remains  to  be  done  except  add  the  usual  10  per  cent  for 
profit.  The  trouble  is  that  the  general  specifications  are  not  carefully  enough 
obfioired  and  studied. 

As  an  example  of  this,  there  was  a  large  contracting  concern  recently  figuring 
on  a  drainage  job  of  considerable  magnitude.  A  close  study  of  the  specifi- 
caticms  revealed  the  fact  that  the  contractor  was  responsible  in  many  ways 
which  ordinarily  would  not  involve  any  responsibility  on  his  part.  For 
instance,  he  had  to  guarantee  the  designer's  work  and  if  this  job  was  done 
according  to  the  plans  and  specifications,  and  it  didn't  work,  then  the  con- 
tractor would  receive  no  payment  for  the  job.    This  happens  in  many  cases. 

In  another  instance,  the  specifications  made  the  contractor  responsible  for 
the  work  under  the  specifications  and  plans  as  stated.  In  other  words, 
the  plans  were  prepared  by  the  architect  but  the  contractor  was  held  responsi- 
ble. One  part  of  the  specifications  referred  to  a  basement  fioor  and  stated 
that  the  contractor  should  guarantee  the  basement  floor  slab  to  stand  a 
certain  head  of  water.  The  slab  has  failed  and  it  is  a  question  now  who  is 
responsible. 

There  are  certain  matters  that  are  commonly  overlooked  in  estimating  and 
these  may  be  chiefly  summarized  as  follows: 

(1)  Surety  Bond — A  surety  bond  guarantees  the  faithful  performance  of 
the  contract  and  payment  of  all  bills  in  connection  therewith.  One  per  cent 
is  the  amount  conunonly  charged  for  this  bond  no  matter  how  big  or  how  small 
the  job.  Many  contractors  pass  this  up  and  think  that  they  can  take  care  of 
it  out  of  their  10  per  cent  profit.  It  may  seem  that  this  is  rather  the  exception 
than  the  rule  and  that  very  few  contractors  would  neglect  to  take  care  of  this 
feature.  It  is  surprising  how  great  a  number  and  how  many  of  all  classes  of 
G(Hitractors  neglect  to  take  this  factor  into  consideration. 

(2)  Liability  Insurance — Liability  insurance  usually  amounts  to  from  5  per 
cent  to  8  per  cent  of  the  total  labor  cost.  This  can  be  figured  at  that  amount 
and  should  always  be  taken  into  consideration. 

(3)  Temporary  Heating — ^Another  item  scarcely,  if  ever,  figured  in  is 
temporary  heating.  Heating  is  required  not  only  in  winter  work,  but  also  in 
earty  spring  or  fall  construction.  While  the  job  may  start  in  the  summer,  it 
diould  be  borne  in  mind  that  it  may  possibly  run  into  the  winter  and,  therefore, 
the  problem  and  cost  of  providing  temporary  heating  should  be  taken  into 
omsideration. 

(4)  Temporary  Enclosures — These  are  frequently  needed,  especially  in  the 
case  of  winter  work.  They  are  often  required  to  enclose  a  part  of  a  building 
so  as  to  afford  pubUc  protection.  Frequently  in  the  case  of  a  building  located 
in  the  city,  roofing  is  required  above  the  sidewallis.  Material  sheds  are 
always  needed.    These  items  are  small  but,  of  course,  count  up. 
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(5)  Water  for  Building  Use,  Temporary  Piping  and  Hoists— It  should  be 
taken  into  consideration  that  water  will  be  required  for  various  operations 
connected  with  the  building,  for  instance,  the  mixing  of  concrete,  in  keeping 
the  concrete  wet,  and  in  cleaning.  Elevators  or  hoists  are  required  for  ele- 
vating the  materials  to  the  proper  place.  This  is  an  item  that  is  many  times 
neglected.  The  contractor  figures  that  it  costs  so  much  to  lay  so  many  bricks, 
but  the  means  of  getting  them  in  place  is  not  considered. 

(6)  "Fire  Insurance — During  the  process  of  construction  the  building  is 
under  joint  ownership  by  the  contractor  and  the  individual  or  company  for 
whom  the  building  is  being  constructed  and,  in  the  event  of  loss  of  the  building 
by  fire,  the  loss  is  prorata.  The  fact  remains  that  the  contractor  must  pay 
the  premiums  on  the  job  until  finished. 

(7)  Engineer,  Timekeeper,  Watchman — A  service  engineer  is  required  in 
connection  with  the  layout  and  other  details.  This  expense  is,  however, 
very  slight.  But  the  expense  of  the  timekeeper  and  watchmen,  in  case  of  a 
large  job,  amounts  to  a  very  appreciable  figure. 

(8)  Telephone  Service — Sometimes  telephone  service  is  not  required, 
while  there  are  times  when  it  is  a  great  necessity  and  this  item  of  .expense  should 
also  be  considered. 

(9)  Traveling  Expenses — This  item  covers  the  cost  of  transiK>rting  the 
foremen  or  other  laborers  sent  out  of  town  away  from  their  homes.  The  con- 
tractor must  as  a  rule  pay  all  of  the  railroad  fares  and  board  for  these  men  as 
well  as  his  own  expenses. 

(10)  Cutting  and  Jobbing — Cutting  and  jobbing  for  other  trades  is  a  large 
item  since  the  general  contractor  is  usually  required  to  cut  all  openings  for 
electricians,  plumbers  and  steamfitters  and  to  patch  these  up  after  these 
workemen  have  finished. 

(11)  Guarantee — Often  the  architects  require  that  the  contractor  guarantee 
the  material  and  workmanship  for  two  years  or  maybe  more.  This  is  an 
item  of  considerable  importance  and  is  never  taken  care  of  under  the  general 
overhead  expense.  The  United  States  Government  figures  IH  per  cent 
depreciation  per  year  on  buildings,  so  it  is  an  easy  matter  to  gain  an  idea  of 
how  much  this  item  alone  amounts  to. 

How  to  Determine  Whether  a  Crushed  Stone  Stock  Pile  Pays. — Engineer- 
ing and  Contracting,  July  17,  1918,  gives  the  following:  In  the  production  of 
crushed  stone  throughout  the  year  it  is  usually  profitable  to  provide  a  stock 
pile,  in  spite  of  the  extra  cost  of  rehandling  the  stone.  The  main  reason  for 
this  is  that  a  smaller  quarrying  and  crushing  plant  working  continuously 
will  produce  the  desired  annual  output  at  less  cost  per  ton,  inclusive  of  stock 
pile  costs,  than  the  cost  per  ton  incurred  by  a  larger  plant,  without  a  stock 
pile,  working  below  full  capacity  most  of  the  time. 

Electrical  engineers  use  the  term  "load  factor"  to  denote  the  ratio  of  tlie 
actual  annual  output  of  electricity  to  the  possible  full  capacity  output  of  a 
plant.  Thus,  an  electric  generator  of  1,000  kilowatts  capacity  is  capable  of 
generating  8,760,000  kilowatt  hours  of  current  in  a  year  of  8,760  hrs.  (i.  e.,  24 
hrs.  daily  for  365  days).  If,  then,  such  a  generator  is  so  run  as  to  generate 
2,190,000  kw.  hrs.  in  a  year,  its  load  factor  is  25  per  cent. 

Since  all  the  annual  "fixed  charges"  on  a  generating  plant  are  independent 
of  the  output,  it  follows  that  if  the  load  factor  can  be  doubled,  the  fixed  charges 
per  kilowatt  hour  will  be  cut  in  two.  In  general,  then,  the  cost  of  the  "  fixed 
charges"  per  unit  of  output  vary  inversely  with  the  load  factor.  This  holds 
true  of  all  plants,  and  serves  to  explain  the  economy  of  providing  a  stock  irile 
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for  a  crushed  stone  plant  that  can  be  operated  the  year  around  at  a  uniform 
weekly  output. 

Stone  jcan  usually  be  delivered  to  and  loaded  from  a  stock  pile  at  a  cost  of 
5  to  10  ct.  per  ton,  depending  on  the  scale  of  operations  and  the  kind  of  plant 
used  for  stock  piling  and  rehandling.  Assuming  the  first  cost  of  a  quarrying 
and  crushing  plant  to  be  $80  per  ton  of  duly  capacity,  and  that  interest, 
depreciation  and  taxes  are  20  per  cent  annually,  we  have  5.3  ct.  per  ton  for 
fixed  charges  on  a  plant  when  run  continuously  one  shift  every  day  for  300 
days.  But  without  a  stock  pile  continuous  oi)eration  is  usually  impossible. 
To  meet  the  "peak  demand"  for  stone  the  plant  must  usually  be  fully  twice 
the  capacity  required  under  continuous  (on&^hift  daily)  operation.  This 
alone  adds  5.3  ct.  per  ton  of  stone  for  fixed  charges  on  the  plant,  or  enough  to 
cover  the  cost  of  stock  piling  and  rehandling  under  ordinary  conditions. 
But  this  is  not  the  only  element  of  cost  affected  by  the  "  load  factor"  or  output 
factor.  A  plant  large  enough  to  take  care  of  peak  demands  for  stone  must 
necessarily  have  a  crew  of  men  capable  of  running  it  at  its  capacity,  and  most 
of  this  crew  must  be  kept  on  the  pay  roll  when  the  plant  is  operating  at  but 
a  fraction  of  its  capacity.  Some  of  the  crew  must  be  paid  even  when  it  is  not 
operating  at  ail.  So  that  either  failure  to  secure  freight  cars  regularly  or  a 
falling  off  in  immediate  demand  for  the  stone  results  in  the  paying  of  full 
wages  to  most  of  the  crew,  r^ardless  of  the  low  output  of  the  plant. 

In  the  solution  of  a  problem  of  this  character  the  first  step  is  to  estimate  the 
total  annual  tonnage  of  stone  to  be  delivered.  The  next  step  is  to  estimate 
the  maximum  delivery  that  will  be  required  for  any  single  day,  also  for  any 
single  week,  and  for  any  single  month.  Then  estimate  the  first  cost  of  a  plant 
that  will  supply  the  maximum  daily  output  aided  by  the  storage  capacity  of 
the  bins,  but  unaided  by  a  stock  pile.  Estimate  the  operating  expenses,  inter- 
est and  depreciation  charges  for  such  a  plant  for  a  year,  under  the  fiuctuating 
daily,  weekly  and  monthly  outputs.  Divide  this  total  cost  by  the  total 
annual  tonnage  and  ascertain  the  cost  per  ton.  Compare  this  unit  cost  with 
the  unit  cost  resulting  from  operating  a  smaller  plant  continuously  with  the 
aid  of  a  stock  pile,  including  therein  the  interest  on  the  average  amount  of 
money  tied  up  in  the  stone  in  the  stock  pile.  If  the  smaller  plant  with  the 
stock  pile  shows  a  lower  cost  per  ton  (as  it  usually  will)  than  the  larger  plant 
without  a  stock  pile,  then  it  is  obvious  that  the  smaller  plant  is  more  economic. 

Economic  Considerations  in  Municipal  Engineering  Designs. — Clinton  S. 
Bums  gives  the  following  in  Engineering  and  Contracting,  April  10,  1918: 
The  designing  engineer  has  for  his  guidance  this  motto:  "  Secure  the  maximum 
returns  for  the  funds  invested;"  and  if  he  be  true  to  his  chosen  profession 
he  will  ever  strive  to  bring  his  work  to  that  standard,  even  though  it  may  at 
times  cause  him  much  effort  beyond  that  which  may  be  appreciated  by  his 
clients.  In  many  sections  of  the  country  with  which  the  writer  is  familiar, 
especially  in  the  more  recently  settled  portions  of  the  Middle  West,  city 
councils  and  officers  in  charge  of  municipal  works  have  an  extremely  keen 
appreciation  of  the  fact  that  they  must  accomplish  the  maximum  results  from 
the  limited  funds  at  their  disposal,  and  they  accordingly  begin  by  engaging  the 
engineer  who  will  do  their  work  for  the  least  money;  or  else  they  save  the 
engineering  fee  entirely  by  simply  engaging  some  "practical  contractor"  to 
build  the  works  and  furnish  the  plans  and  specifications  free  of  charge. 
That  such  a  policy  as  this  is  directly  the  opposite  to  true  economy  is  too  well 
known  to  engineers  to  require  discussion,  but  there  may  be  others,  some 
holding  oflftcial  positions,  perhaps,  who  have  not  given  this  subject  the  atten* 
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Hon  its  importance  deserves.  If  public  officers  but  realized  the  amoimft  d 
work  involved  in  determining  the  economic  features  of  any  engineeiinf 
design,  they  would  more  readily  appreciate  the  fact  that  true  econoooy  and 
cheap  engineering  are  not  companions. 

Many  of  the  municipal  works  throughout  the  country  are  built  with  so 
little  respect  to  economic  design  as  to  require  but  a  superficial  examination  to 
show  where  enough  money  has  been  wasted  to  more  than  pay  the  compensa- 
tion which  would  have  been  required  to  secure  the  best  engineering  talent  to 
prepare  the  plans  and  specifications.  The  firm  of  which  the  writer  is  a 
member  has  been  called  upon  to  examine  plans  for  a  sewerage  system  in  whidi 
the  plans  called  for  fiush  tanks  at  the  head  of  every  lateral,  regardless  ot 
grade  or  other  local  conditions  of  service.  The  general  character  of  the 
specifications  seemed  to  indicate  that  they  had  been  copied  largely  from  what 
was  without  doubt  originally  an  excellent  set  of  specifications  for  a  level  city 
in  a  wet  country,  where  the  sewers  had  to  be  laid  in  quicksand  and  water,  for 
they  provided  for  under-drains  and  other  expensive  accessories  which  could 
have  no  utility  under  any  other  conditions.  It  is  not  surprising  to  learn  that 
the  fee  charged  for  these  plans  and  specifications  was  about  the  pn^ier 
compensation  for  a  stenographer  to  copy  the  specifications  and  for  a  drafts- 
man to  make  a  few  tracings. 

The  conditions  in  water  works  design  are  even  worse  than  in  sewer  woik, 
because  many  cities  are  unfortunate  enough  to  possess  six  or  eight  council- 
men,  each  of  whom  knows  what  size  water  pipe  should  be  located  tm  his  own 
street.  After  a  few  hours'  discussion  they  are  able  to  combine  their  ideas,  and 
the  system  of  mains  is  adopted ;  no  one  dreams  that  i)ossibly  5  per  cent  could 
have  been  expended  for  engineering  fees,  and  much  better  results  might  have 
been  accomplished  with  the  remaining  95  per  cent  of  the  funds. 

It  is  no  doubt  tnie  that  many  contractors  and  practical  builders  of  water 
works  have  the  ability  to  plan  excellent  systems,  but  even  if  so,  it  is  not  to  their 
interest  to  work  out  the  economic  features,  and  therefore  in  the  absence  of  an 
engineer  to  look  after  the  city's  interest  much  public  money  is  necessarily 
poorly  invested. 

As  an  illustration  of  some  of  the  work  involved  in  determining  the  economic 
relation  between  the  different  parts  of  a  system  of  water  works,  the  writer 
ventures  to  outline  one  or  two  of  the  points  that  must  be  considered  in  this 
connection.  This  can  best  be  shown  by  a  concrete  example,  using  the  local 
conditions  as  to  price  of  fuel,  cost  of  materials  for  construction,  conditicms  of 
service,  etc.,  all  of  which  are  taken  from  actual  conditions  for  one  particular 
plant,  but  which  would,  of  course,  be  quite  different  for  any  other  plant.  In 
the  case  under  consideration  the  rate  of  pumping  is  estimated  as  follows: 
2,800  gal.  per  minute  for  6  hours  per  day,  1,400  gal.  per  minute  for  6  hours  per 
day,  800  gal.  per  minute  for  6  hours  per  day,  and  300  gal.  per  minute  for  6 
hours  per  day.  This  is  a  total  of  approximately  2,000,000  gal.  per  day,  sup- 
plied to  a  manufacturing  city  of  20,000  population.  The  pumping  station  is 
4,000  ft.  from  the  branching  point  of  the  distribution  system.  To  determine 
the  most  economical  size  of  main  for  this  distance  it  is  necessary  to  maJce  com- 
parison between  the  various  commercial  sizes  of  water  pipe.  Comparing 
12-in.  with  16-in.  pipe  the  friction  offered  by  each  1,000  ft.  of  12-in.  pipe  for  the 
above  rates  of  flow  is  greater  than  that  in  the  16-in.  pipe  by  the  following 
amounts:  16.23  ft.  for  the  6  hours  of  maximum  pumping,  4.06  ft.  for  the  next 
6  hours,  1.33  ft.  for  the  next  6  hours,  and  0.18  ft.  for  the  6  hours  of  minimum 
pumping.    To  overcome  this  friction  requires  the  expenditure  of  80  HP. 
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houn  per  (Uy,  whSeh.  with  pumpfl  operating  at  80.000.000  duty,  takes  330  lb. 
of  ooal  daily,  worth  in  the  local  market  S2  per  ton.  representing  an  annual 
investment  of  $116.80.  This  assumes  that  no  additional  investm«it  is 
required  for  the  increased  capacity  of  the  power  plant  nor  for  attendance  and 
small  supplies,  because  in  any  ordinary  plant  of  this  capacity  there  is  a  large 
wserve  power  plant  chargeable  to  the  fire  protection  oi  the  dty. 

At  the  time  when  these  estimates  were  made  the  difference  in  cost  between 
the  12-in.  and  the  16-in.  pipe  was  66  ct.  per  foot,  or  $650  per  1,000  ft.  The 
interest  and  depredation  on  this  investment  with  money  at  5  per  cent,  is 
only  S33.45  per  year,  as  against  8116.80  for  extra  coal  with  the  smaller  size 
pipe,  thus  showing  an  annual  saving  at  883.35  in  favor  of  the  16-in.  pipe. 

Again  comparing  the  16-in.  pipe  with  one  20  in.  in  diameter,  by  a  similar 
detailed  calculati<m,  the  result  shows  an  annual  saving  in  coal  equal  to  823.15 
per  1,000  ft.  of  pipe,  due  to  the  smaller  frictioo  in  the  larger  pipe.  But  the 
extra  cost  of  the  larger  pipe  is  87  ct.  per  foot,  or  8870  per  1,000  ft.  of  pipe, 
requiring  an  annual  investment  oi  846.11  for  interest  and  depredation,  thus 
showing  822.06  annually  in  favor  of  the  16-in.  pipe.  Therefore,  of  these 
three  sixes,  the  16-in.  is  the  most  economical  one  to  use  for  this  particular 


After  having  determined  that  so  far  as  the  domestic  service  is  concerned, 
there  is  nothing  to  be  gained  by  using  a  main  larger  than  16  in.,  a  comparison 
should  then  be  made  between  the  16-in.  and  20-in.  pipe  with  reference  to  the 
fire  protection  of  the  dty.  This  brings  up  a  question  as  to  whether  the  dty 
should  resort  to  the  use  of  steamers  for  this  service;  but  since  this  point  is  not 
now  under  discussion,  it  will  be  assumed  that  the  necessary  pressure  for  ordi- 
nary fire  service  is  to  be  furnished  at  the  hydrants,  and  that  suffident  water 
is  to  be  provided  for  10  streams  of  250  gal.  per  minute  each.  Then  if  a  fire 
occurs  at  the  time  of  maximum  domestic  consumption,  the  total  quantity  of 
water  that  the  mains  must  carry  is  5.300  gal.  per  minute. 

The  diiferenoe  in  friction  between  the  16-in.  and  the  20-in.  pipe  is  12  ft. 
per  1,000  ft.  of  pipe,  and  therefore  if  the  16-in.  be  used  there  is  required  an 
additional  investment  d  8300  for  boiler  plant  and  $20  for  the  room  that  it 
occupies  in  the  power  house.  The  life  of  this  portion  of  the  plant  may  be 
figured  as  almost  indefinite,  owing  to  the  fact  that  it  is  so  infrequently  called 
Into  service.  The  maintenance  charge,  however,  must  be  suffident  to  provide 
for  resetting  the  boiler  when  necessary  and  for  the  small  supplies  and  repairs 
that  are  required  to  keep  it  in  operating  ccmdition.  a  fair  estimate  for  which 
would  be  2  per  cent  of  the  cost  of  the  boiler.  For  the  purpose  of  comparison 
the  life  of  the  cast  iron  water  pipe  may  be  assumed  at  60  years,  and  that  of  the 
reserve  portion  of  the  boiler  plant  the  same.  The  two  propositions  are 
then  compared  as  follows: 

Interest  on  extra  investment  for  20-iii.  pipe 843 .  50 

DepreciatioD  for  a  life  of  60  years 2.61 

Total  annual  charge  against  204n.  in  excess  of  16-in.  pipe $46. 11 

Interest  on  extra  Investment,  bdler  and  power  house 16. 00 

Depreciation  for  a  life  of  60  years .90 

Maintenance,  2  per  cent  of  tne  cost  of  the  boiler J^-^ 

Extra  ooal  used  for  domestic  service  as  above 23 .  15 

Total  annual  charge  against  16-in.  pipe  for  pumping 846.05 

It  If  thus  seen  that  ao  tu  ub  tbe  ffre  protection  service  is  concemed  thft^  \a 
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nothing  to  be  gained  from  the  use  of  the  larger  pipe,  and  therefore  the  16-in. 
is  the  most  economical  size  to  adopt  for  this  particular  location. 

It  will  be  noticed  that  in  all  of  these  calculations  the  rate  of  interest  has  been 
assumed  at  5  per  cent,  which  is  the  rate  at  which  the  city  can  secure  money 
on  bonds.  However,  in  the  matter  of  depreciation  there  is  considerable 
uncertainty  as  to  the  proper  rate  of  interest  to  be  assumed.  The  depreciation 
of  any  particular  machine  may  be  defined  as  the  annual  sum  that  must  be 
laid  aside  to  amount  to  the  cost  of  the  machine  at  the  end  of  its  life.  It  then 
depends  entirely  upon  the  earning  capacity  of  the  funds  laid  aside  annually, 
and  is  therefore  independent  of  the  rate  of  interest  that  is  being  paid  on  the 
original  loan.  If  money  can  be  invested  in  additional  pipe  to  supply  well 
settled  streets  it  is  likely  that  much  more  than  5  per  cent  can  be  realized  on  the 
investment,  which  will  reduce  the  depreciation  charge  accordingly. 

While  such  detailed  calculations  as  are  illustrated  above  are  essential  as  a 
general  guide  in  determining  the  important  features  of  a  system  of  water  works, 
yet  the  writer  does  not  wish  to  be  understood  as  stating  that  they  should 
always  be  followed  with  mathematical  precision,  because  it  often  happens  that 
the  funds  are  limited  by  the  statutory  provisions,  so  that  a  city  has  only  a 
limited  amount  to  invest.  In  this  case  it  becomes  the  engineer's  duty  to  take 
into  consideration  the  question  of  whether  greater  returns  may  not  be  secured 
by  an  increased  pipe  system  rather  than  by  larger  and  more  efficient  pipe  lines 
or,  in  other  words,  the  fact  that  large  revenue  may  be  derived  from  extending 
the  mains  may  be  sufficient  reason  for  omitting,  condensers,  using  small  pipes, 
and  various  other  acts  that  would  be  entirely  unjustifiable  in  designing  a 
system  for  a  private  water  company  whose  funds  are  invested  for  the  purpose 
of  securing  the  maximum  rate  of  interest  on  the  capital  invested. 

Another  point  where  an  attempt  at  economy  is  frequently  made  is  in  the 
spacing  of  fire  hydrants.  The  popular  impression  seems  to  be  quite  general 
that  since  hydrants  cost  about  $32  each  they  should  be  spaced  about  500  or 
600  ft.  apart,  so  as  to  make  a  small  number  of  hydrants  serve  as  much  territory 
as  possible.  This  popular  impression  may  be  accounted  for  by  the  fact  that 
the  number  of  hydrants  in  a  system  owned  by  a  private  water  company  is 
universally  accepted  as  the  measure  of  the  public  tax  for  fire  protection,  and 
naturally,  then,  they  are  not  closely  spaced  in  such  systems,  and  the  precedent 
is  thus  established.  In  a  system  of  water  works  owned  by  the  municipality, 
designed  to  give  fire  protection  without  the  use  of  steamers,  there  can  be  no 
possible  justification  for  spacing  the  hydrants  at  such  great  distances  apart  as 
they  frequently  are. 

The  details  will,  of  course,  vary  materially  with  the  plan  of  the  pipe  system 
and  other  local  conditions.  In  one  system  that  has  come  under  the  observa- 
tion of  the  writer  the  hydrants  averaged  from  500  to  600  ft.  apart,  but  by 
increasing  the  number  by  100  their  distances  apart  could  be  reduced  to  300  ft. 
This  would  efifect  a  saving  of  about  100  ft.  of  hose  for  reaching  the  average  fire, 
and  aside  from  the  convenience  to  the  fire  company,  due  to  having  a  hydrant 
every  300  ft.,  there  results  a  direct  financial  benefit  to  the  city  as  shown  .below. 
To  overcome  the  friction  in  this  extra  100  ft.  of  hose  requires  an  additional 
pressure  of  13  lb.  per  square  inch  at  the  hydrant,  and  to  provide  sufficient 
poweT  to  throw  10  streams  simultaneously  in  addition  to  the  maximum  daily 
consumption  necessitates  the  installation  of  50  HP.  greater  boiler  capacity 
and  pumps  to  correspond.  This  costs  $800  for  the  extra  investment  in  the 
power  station,  the  annual  charge  against  which  is  $57.25  for  interest,  main- 
tenance and  depreciation.    There  is  also  an  increased  pressure  of  13  lb.  per 
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gqnaiB  Inch  cm  the  pipes  throughout  the  distribution  system,  which  theo- 
rttically  would  require  the  use  of  heavier  pipe,  but  for  conunercial  reasons 
quite  probably  the  pipe  system  would  be  of  practically  the  same  weight  as 
though  it  were  not  called  upon  to  meet  this  extra  pressure.     The  financial 
benefits  accruing  from  being  able  to  secure  the  desired  fire  protection  with  less 
pressure  will  appear  indirectly  in  the  form  of  reduced  maintenance  dharges, 
due  to  less  frequency  of  bursting  the  mains,  less  leakage,  and  consequently 
greater  efficiency  of  the  pumps  and  quicker  response  to  calls  for  fire  pressure. 
Again,  the  maintenance  of  the  fire  department  la  increased  by  the  long 
spaces  between  the  hydrants,  since  each  hose  cart  must  be  equipped  with  at 
least  200  ft.  more  hose,  which  requires  an  Investment  of  $600  for  hose,  the  life 
of  which  will  not  exceed  an  average  of  fi  years.    Therefore,  with  interest  at 
5  per  cent  the  depreciation  on  the  hose  amounts  to  18  per  cent.    The  main- 
tenance is  largely  a  matter  of  time  and  attention  of  the  fire  department,  and 
therefore  no  charge  is  figured  for  this  item;  however,  for  interest  and  deprecia- 
tion the  annual  tax  for  the  extra  hose  is  $138.     This  makes  a  direct  annual 
charge  of  $ld5.25  due  to  the  effort  to  save  $3,200  in  hydrants,  the  annual 
charge  against  which  would  not  exceed  $200,  leaving  leas  than  $.5  to  offset  the 
benefits  accruing  from  having  twice  the  number  of  hydrants.     These  benefits 
must  include  the  maint^ianoe  of  the  pipe  system  under  the  decreased  pressure 
as  mentioned  above,  the  reduced  risks  in  fire  insurance,  and  the  greater 
rapidity  with  which  the  fire  department  can  couple  the  hose  and  turn  on  the 
stream,  which  means  that  a  smaller  fire  company  can  perform  the  same 
service.     After  considering  these  points,  it  is  clearly  apparent  that  as  a 
business  investment  it  is  inexpedient  to  economize  in  the  first  cost  of  a  system 
by  cutting  down  the  number  of  hydrants,  as  is  frequently  done. 

This  brings  up  the  question  of  hydrant  spacing  in  systems  owned  by  private 
companies,  and  suggests  the  fact  that  if  a  franchise  provides  for  a  certain 
stream  to  be  maintained  at  the  hydrant,  it  would  be  to  the  advantage  of  both 
parties  concerned  to  put  in  more  hydrants  at  a  less  rate  per  hydrant.  It 
would  be  better  for  the  company  because  it  enables  it  to  give  the  same  service 
for  less  investment  for  power;  and  it  is  better  for  the  city  because  it  enables  it 
to  save  in  the  maintenance  of  the  fire  department. 

There  are  many  other  points  that  present  themselves  in  planning  an 
eoooomic  system  of  water  works,  such  as  the  relative  efficiency  of  the  different 
elaases  of  pumping  machinery,  proper  proportioning  of  the  boilers,  motors  or 
other  machinery,  cost  of  fuel  as  compared  with  condensers,  etc. ;  but  these  are 
not  unlike  the  points  that  should  be  considered  in  the  design  of  every  power 
plant,  and  therefore  they  will  not  be  treated  here. 

The  point  that  the  writer  wishes  to  bring  out  most  clearly  is  the  fact  that 
without  careful  consideration  of  every  detail  there  is  but  little  probability  that 
an  investmoit  is  economically  made,  and  that  it  should  be  the  duty  of  those 
in  charge  of  municipal  improvements  to  exercise  the  same  care  in  selecting 
professional  advice  that  they  would  if  they  were  investing  their  own  capital. 
It  will  be  noticed  that  all  erf  the  above  calculations  of  comparative  costs  are 
based  on  average  or  normal  prices  rather  than  upon  the  present  war-time  crest. 
This  is  as  it  should  be,  for  any  calculation  to  determine  the  economics  of  an 
engineering  problem  must  be  based  upon  data  that  will  represent  a  fair 
average  throughout  the  life  of  the  project  under  consideration. 
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CHAPTER  II 

PRICES  AND  WAGES 

Past  and  Future  Price  Levels. — The  following  discussion,  pages  34  to  138, 
is  in  large  part,  very  greatly  condensed  of  two  articles  that  I  published  in 
Engineering  and  Contracting,  April  7  and  May  5,  1920.  My  object  was  to 
deduce  a  formula  for  estimating  commodity  price  levels  or  price  indexes.  As' 
will  be  seen  later,  the  formula  gives  results  that  agree  very  closely  with  the 
facts  for  every  year  since  1889.  Data  for  years  prior  thereto  are  less  reliable, 
but  even  back  to  1859  the  formula  gives  approximately  correct  results. 

I  know  of  no  prior  attempt  to  deduce  a  conmiodity  price  level  formula.  In 
1907  Prof.  E.  K.  Kemmer  published  "  Money  and  Credit  Instruments  in  Their 
Relation  to  Prices,"  in  which  he  deduced  a  formula  for  the  weighted  average 
of  three  distinct  things:  (1)  commodity  prices,  (2)  wages  and  (3)  prices  of 
corporation  stocks.  It  seemed  to  me  'that  these  three  things  (commodity 
prices,  wages  and  stock  prices)  are  not  necessarily  related  one  to  the  other.  If 
this  is  so,  only  confusion  would  be  likely  to  follow  an  attempt  to  average  such 
unrelated  things.  Accordingly  I  confined  my  attempt  to  derive  two  separate 
formulas,  one  for  commodity  price  levels,  and  one  for  wage  levels.  As  will  be 
seen  later  these  formulas  differ  in  one  very  important  element,  and  since  eadbt 
of  them  corresponds  closely  with  the  facts,  it  follows  that  any  formula  that 
attempts  to  give  a  composite  average  of  wages  and  prices  is  certain  to  be 
incorrect. 

Prof.  Irving  Fisher,  in  his  "Purchasing  Power  of  Money"  (1911)  adopted 
Prof.  Kemmerer's  formula  and  attempted  to  bring  its  results  up  to  date. 

Price  Indexes. — Before  a  correct  understanding  of  the  present  subject  can  be 
secured,  the  meaning  of  certain  terms  must  be  learned.  One  of  the  most 
important  of  these  terms  is  the  expression  "  price  index."  Its  technical  sound, 
however,  merely  camouflages  a  very  simple  thing,  namely,  a  r^ative  average 
price. 

"Index  numbers"  are  relative  numbers  in  which  data  for  one  year  (or 
longer  period)  are  taken  as  a  base  of  100,  or  100  per  cent,  and  upon  which  data 
for  other  years  are  computed  as  percentages.  When  the  index  numbers  relate 
to  prices,  they  are  called  "price  indexes."  Thus,  if  the  year  1913  is  taken  as 
the  base  year,  and  average  wholesale  prices  of,  say,  300  commodities  are 
taken,  that  average  may  be  called  100  per  cent.  Then  if  the  average  whole- 
sale price  of  the  same  300  commodities  is  1.96  times  as  high  in  1918  as  in  1913, 
the  price  index  for  1918  is  196,  or  196  per  cent  of  the  average  price  in  1913. 

To  take  a  simple  illustration,  let  us  assume  that  the  wholesale  price  index 
of  the  four  principal  cereals  is  desired  for  the  years  1914  and  1918.  From 
the  U.  S.  Statistical  Abstract  for  1918.  we  find  that  the  average  wholesale 
prices  (on  the  farm)  were  as  follows  per  bushel: 

34 
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1014  1918 

Corn , i $0.66  $1.37 

Wheat 0.99  2.37 

Oats 0.44  0.71 

Barley 0.55  0.92 

Simple  average  price $0.  658  *  $1.  343 

K  we  add  the  prices  of  these  four  grains  and  divide  by  four,  we  get  a  "  simple 
average  price"  of  $0,658  for  the  year  1914,  and  $1,343  for  the  year  1918. 
Hence,  if  we  take  the  year  1914  as  our  standard  year,  we  get  $1.34  4-  $0.66  » 
208  as  the  index  price  for  the  year  1918,  when  the  corresponding  price  index  is 
100  for  the  year  1914. 

This  method  of  calculating  price  indexes  does  not  take  into  consideration 
the  relative  quantities  of  each  of  these  four  cereals  produced  in  the  given 
years.  To  give  the  proper  "weight"  to  the  quantities  produced,  the  calcu- 
lation of  "weighted  average  prices"  must  be  made  as  follows: 

For  the  year  1914: 

Corn 2, 673. 000. 000  bu.  at  $0.  65  -  $1,737,450,000 

Wheat 891,000.000  bu.  at    0.99-        882.090,000 

Oats 1, 141. 000, 000  bu.  at    0.44-         602.040.000 

Barley 195 . 000 , 000  bu.  at    0.65-         107,250.000 

Total 4, 900, 000, 000  bu.  at  $0.659 -$3,228, 830, 000 

Dividing  the  total  of  $3,228,830,000  by  4,900.000.000,  we  get  $0,659  as  the 
"weighted  average  unit  price"  of  these  four  cereals  in  1914,  as  compared  with 
the  "simple  (or  unweighted)  average  price"  of  $0,658  previously  deduced. 

A  similar  calculation  for  1918  is  as  follows: 

Corn 2, 583. 000. 000  bu.  at  $1.37  -  $3,538,710,000 

Wheat 917,000,000  bu.  at    2.37  -     2.173,290.000 

Oate 1. 538. 000, 000  bu.  at    0.71  -     1.091.980.000 

Barley 256.000.000  bu.  at    0.92  -        235,520,000 

Total 5, 294. 000, 000  bu.  at  $1,330  =  $7,039,500,000 

This  gives  a  "weighted  average  unit  price"  of  $1,330  for  these  four  grains, 
as  compared  with  the  "simple  average  price"  of  $1,343 

Now  if  we  divide  the  weighted  average  price  of  $1,330  (for  the  year  1918) 
by  that  of  $0,659  (for  the  year  1914),  we  get  202,  which  is  the  weighted  price 
index  of  these  four  cereals  in  1918,  as  compared  with  weighted  average  price 
index  of  100  for  the  year  1914. 

Where  several  hundred  commodities  are  thus  treated,  the  weighted  price 
Indexes  do  not  usually  differ  greatly  from  the  unweighted  price  indexes,  but  the 
amaller  the  number  of  commodities  thus  grouped  to  secure  an  average  price,  the 
greater  the  range  of  differences  between  weighted  and  unweighted  index 
prices.  Hence,  it  is  always  preferable  to  use  weighted  price  indexes  when 
they  are  ascertainable. 

Table  I  shows  the  weighted  wholesale  price  index  in  the  United  States  for 
every  year  from  1860  to  1920,  the  year  1913  being  taken  as  100  per  cent. 

The  Author* a  Formvla  for  Commodity  Price  Levels. — The  price  of  every  thing 
sold  in  competitive  market  is  dependent  upon  the  ratio  of  the  realized  demand 
to  the  effective  supply.  The  realized  demand  is  of  course  measurable  only  in 
terms  of  the  total  money  spent;  and  the  effective  supply  is  measurable  only  in 
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Tablb  I. — Whole8ai<s  Pbicb  Indbx'of  Commoditiks 
Year  Price  Year  Price  Year  Price 


1860 

...   90 

1880 

....  93 

1900..... 

82 

1861 

...   86 

1881 

....  95 

1901 

80 

1862 

...   93 

1882 

....  96 

1902 

83 

1863 

...  110 

1883 

....  94 

1903 

84 

1864 

...  135 

1884 

....  92 

1904 

83 

1865 

...  172 

1885 

....  86 

1905 

...  .   86 

1866 

...  144 

1886 

....  86 

1906 

...  .   91 

1867 

...  131 

1887 

....  87 

1907 

...  .   96 

1868 

...  136 

1888 

....  88 

1908 

91 

1869 

...  122 

1889 

...  89 

1909 

« 

1870 

...  117 

1890 

....  84 

1910 

..  ,.   97 

1871 

...  112 

1891 

....  83 

1911 

95 

1872 

...  110 

1892 

....  78 

1912 

99 

1873 

...  108 

.  1893 

...  78 

1913 

100 

1874 

...  109 

1894 

....  71 

1914 

99 

1875 

...  108 

1895 

....  70 

1915 

100 

1876 

...  104 

1896 

....  67 

1916 

123 

1877 

...   99 

1897 

....   67 

1917 

175 

1878 

...   93 

1898 

....   69 

1918 

196 

1879 

...   87 

1899 

....   75 

1919 

1920 

212 

243 

The  actual  price  indexes  are  those  derived  from  two  sources:  (1)  From  1859 
to  1889,  the  price  indexes  are  those  given  in  Senate  Report  No.  1394  on  '  'Whole- 
sale Prices,  Wages  and  Transportation,"  h}r  Nelson  W.  Aldrich,  March  3,  1893. 
The  weighted  average  price  indexes  there  given  are  multiplied  by  0.9  to  reduce 
them  to  the  same  base  as  the  price  indexes  of  the  U.  S.  Bureau  of  Labor,  the  latter 
price  indexes  being  those  from  1890  to  1920,  using  the  year  1913  as  100.  The 
Aldrich  report  price  indexes  are  based  on  the  wholesaleprices  of  223  commodities, 
weighted  in  proportion  to  family  budget  expenses.  The  Bureau  of  Labor  price 
indexes  are  based  on  the  wholesale  prices  oi  192  commodities  in  1890,  as  given 
in  Bulletin  No.  173,  and  in  the  Monthly  Labor  Review,  December,  1919,  and 
January,  1920. 

the  total  number  of  units  of  products  sold.     Hence  we  have  this  fundamental 
price  formula: 

Demand 
Average  Unit  Price  -    g^ppjy 

Money  spent 


Number  of  units  bought 


In  the  case  of  lumber,  wheat  or  any  other  given  product,  this  formula,  if 
applied  to  the  transactions  of  a  year,  gives  the  average  unit  price  for  the 
year.  This  is  simple  enough,  and  may  be  called  "self  evident."  But  it  is 
not  "self  evident"  that  this  fundamental  average  price  formula  can  be  so 
treated  as  to  yield  a  commodity  price  level  formula. 

The  money  spent  in  any  nation  during  a  year  is  equal  to  the  average 
quantity  of  money  in  circulation  multiplied  by  the  number  of  times  the  money 
is  "turned  over"  during  the  year  (i.e.  the  "velocity  of  circulation").  Thus 
the  numerator  of  the  fundamental  price  formula  is  derived.  The  denominator 
of  the  formula  is  not  so  readily  perceived  to  be  susceptible  of  an  equally  simile 
analysis.  The  total  number  of  units  of  product  purchased  in  any  year  Is 
practically  equal  to  the  total  number  produced  in  that  year.  But  the  total 
number  of  units  produced  is  equal  to  the  total  population  multiplied  by  tb^ 
per  capita  productivity.  Hence  we  have  the  following  application  of  fh^ 
supply  and  demand  formula  to  a  nation's  entire  aimual  output  of  commoditieBi 

Average  Price  =       Money  X  Vel.  of  Circulation  ^ 

Average  Fnce  =  pop^jati^n  x  Per  Cap.  EfficiiH^^  ^   ^    "^ 
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The  factor  C  is  practically  a  constant  percentac;e,  and  is  the  ratio  of  the 
amount  of  money  spent  for  commodities  to  the  total  amount  of  mon^  spent 
for  all  things. 

We  may  substitute  letters  for  words  in  this  foimula,  letting  A  stand  for 
average  price,  M  for  money,  V  for  velocity  of  circulation,  P  for  population, 
and  E  for  per  capita  efficiency  of  production.  Then  we  may  write  the 
formula: 

M  X  V 


P  X  E 


X  C 


This  formula  would  give  the  absolute  average  unit  price  of  all  commodities 
for  any  given  year,  were  we  able  to  ascertain  the  value  oi  £  in  units.  But 
since  this  is  impracticable,  we  must  try  to  get  the  relative  average  price  oi 
commodities,  or  price  index,  which  we  shall  indicate  by  the  letter  W.  It  will 
be  seen  later  that  it  is  practicable  to  ascertain  the  relative  per  capita  produc- 
tivity, or  efficiency  of  production,  E.  When  we  insert  its  values  for  any  given 
year  in  the  formula,  the  formula  then  gives  a  relative  price,  or  price  level,  or 
price  index;  and  then  may  be  written: 

^  "  pITe  ^  ^ 

Similarly  we  need  not  get  the  absolute  value  of  V  for  each  year,  but  only 
its  relative  value,  and  since  this  will  introduce  another  constant  factor  analo- 
gous to  the  C,  the  final  formula  for  commodity  price  index  becomes: 

MX  V 
^         PX  E     ^^ 

Based  upon  the  standards  for  V  and  E  that  I  shall  use,  the  value  of  K  is 
M*     Hence  we  have  the  following  formula  for  practical  use: 

W  -    1  v^AV 
^         2  ^  P  X  E 

This  formula  gives  an  average  relative  price  of  all  conunodities  sold  at 
^niiolesale  and  retail;  but  since  there  is  at  present  available  only  wholesale 
price  indexes,  we  must  test  the  formula  thereby,  remembering  that  in  normal 
times  retail  and  wholesale  prices  move  in  unison,  whereas  in  abnormal  times 
wholesale  prices  change  more  rapidly  than  retail,  and  usually  move  through  a 
wider  range. 

Applying  the  Price  Formula. — In  order  to  use  the  formula  it  is  necessary 
to  secure  average  values  for  each  of  the  four  variables  (M,  V,  P  and  E)  for 
each  year.  Currency  iu  circulation  (M;  is  obtainable  from  the  Comptroller 
of  the  Currency,  and  his  reports  are  abstracted  in  the  annual  Statistical 
Abstract  of  the  U.  S.  and  in  the  weekly  and  daily  financial  papers.  Popula- 
tion (P)  is  reported  by  the  U.  S.  Bureau  of  Census.  This  leaves  only  velocity 
of  circulation  (V)  and  efficiency  of  production  (E)  to  be  estimated. 

Metisuring  the  Rapidity  of  "  Money  Turnover." — Everyone  is  aware  that 
mlien  "  business  is  good,"  bills  are  paid  more  promptly  than  when  it  is  "  poor." 
A  little  consideration  of  this  fact  makes  it  clear  that  "  money  is  turned  over" 
more  rapidly  in  "good  times"  than  in  "bad  times."  It  is  also  known  that 
average  prices  of  commodities  rise  in  "good  times."  It  follows  from  these 
two  facts  that  there  is  a  relationship  between  the  rapidity  of  "  money  turn- 
over" and  average  prices  of  conunodities. 
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IQ  seeking  fur  a  simple  means  of  mewuiing  the  relative  rapidity  of  "mailer 
tumoiei"  1  lelt  at  the  slut  ot  m;  stud;  of  this  problem  that  It  should  tie 
practicable  to  Bllmlnate  moat,  if  not  all,  of  the  effect  of  speculative  tranaae- 
tions  upon  bank  clearinga.  My  first  step,  therefore;  was  to  take  the  bank 
clearings  oulaldo  of  New  York  City  as  being  a  better  barometer  of  trade  than 
the  bank  clearlDgs  in  New  York  City.    When  I  divided  the  annual  bank 


Fio.  1.— Bank  cltaringB. 

cteatfngs  outaide  td  New  York  b;  the  total  bank  deposits  In  the  United  Statea 
at  the  middle  ol  any  year,  1  found  that  the  quotient  was  usually  about  4£ 
In  years  when  business  was  "normal,"  that  Is,  wbeu  there  nas  neither  a 
"boom"  nor  a  "depression." 
T^  result  encouraged  me  In  the  belief  that  1  might  be  able  to  "adjust" 
New  York  bank  clearings,  so  as  to  eliminate  the  eOect  ot  stock  and  bond 


ENGINEERING  ECONOMICS  31 

hours  per  day,  which,  with  pumps  operating  at  80,000,000  duty,  takes  320  lb. 
of  coal  daily,  worth  in  the  local  market  $2  per  ton,  representing  an  annual 
investment  of  $116.80.  This  assumes  that  no  additional  investment  is 
required  for  the  increased  capacity  of  the  power  plant  nor  for  attendance  and 
small  supplies,  because  in  any  ordinary  plant  of  this  capacity  there  is  a  large 
reserve  power  plant  chargeable  to  the  fire  protection  of  the  city. 

At  the  time  when  these  estimates  were  made  the  difference  in  cost  between 
the  12-in.  and  the  16-in.  pipe  was  65  ct.  per  foot,  or  $650  per  1,000  ft.  The 
interest  and  depreciation  on  this  investment  with  money  at  5  per  cent,  is 
only  $33.45  per  year,  as  against  $116.80  for  extra  coal  with  the  smaller  size 
pipe,  thus  showing  an  annual  saving  of  $83.35  in  favor  of  the  16-in.  pipe. 

Again  comparing  the  16-in.  pipe  with  one  20  in.  in  diameter,  by  a  similar 
detailed  calculation,  the  result  shows  an  annual  saving  in  coal  equal  to  $23.15 
per  1,000  ft.  of  pii)e,  due  to  the  smaller  friction  in  the  larger  pipe.  But  the 
extra  cost  of  the  larger  pipe  is  87  ct.  per  foot,  or  $870  per  1,000  ft.  of  pipe, 
requiring  an  annu^  investment  of  $46.11  for  interest  and  depreciation,  thus 
showing  $22.96  annually  in  favor  of  the  16-in.  pipe.  Therefore,  of  these 
three  sizes,  the  16-in.  is  the  most  economical  one  to  use  for  this  particular 
service. 

After  having  determined  that  so  far  as  the  domestic  service  is  concerned, 
there  is  nothing  to  be  gained  by  using  a  main  larger  than  16  in.,  a  comparison 
should  then  be  made  between  the  16-in.  and  20-in.  pipe  with  reference  to  the 
fire  protection  of  the  city.  This  brings  up  a  question  as  to  whether  the  city 
shfMild  resort  to  the  use  of  steamers  for  this  service;  but  since  this  point  is  not 
now  imder  discussion,  it  will  be  assumed  that  the  necessary  pressure  for  ordi- 
nary fire  service  is  to  be  furnished  at  the  hydrants,  and  that  sufficient  water 
is  to  be  provided  for  10  streams  of  250  gal.  per  minute  each.  Then  if  a  fire 
occurs  at  the  time  of  maximum  domestic  consumption,  the  total  quantity  oi 
water  that  the  mains  must  carry  is  5,300  gal.  per  minute. 

The  differraice  in  friction  between  the  16-in.  and  the  20-in.  pipe  is  12  ft. 
per  1,000  ft.  of  pipe,  and  therefore  if  the  16-in.  be  used  there  is  required  an 
additional  investment  of  $300  for  boiler  plant  and  $20  for  the  room  that  it 
occupies  in  the  power  house.  The  life  of  this  portion  of  the  plant  may  be 
figured  as  almost  indefinite,  owing  to  the  fact  that  it  is  so  infrequently  called 
into  service.  The  maintenance  charge,  however,  must  be  sufficient  to  provide 
for  resetting  the  boiler  when  necessary  and  for  the  small  supplies  and  repairs ' 
that  are  required  to  keep  it  in  operating  condition,  a  fair  estimate  for  which 
would  be  2  per  cent  of  the  cost  of  the  boiler.  For  the  purpose  of  comparison 
the  life  of  the  cast  iron  water  pipe  may  be  assumed  at  60  years,  and  that  of  the 
reserve  portion  of  the  boiler  plant  the  same.  The  two  propositions  are 
then  compared  as  follows: 

Interest  on  extra  investment  for  20-in.  pipe $43. 50 

Depreciation  for  a  life  of  60  years 2 .  61 

Total  annual  charge  against  20-in.  in  excess  of  16-in.  pipe $46. 11 

Interest  on  extra  investment,  boiler  and  power  house 16. 00 

Dcq;>redation  for  a  life  of  60  years .90 

Maintenance,  2  per  cent  of  the  cost  of  the  boiler ^6.00 

Extra  ooal  used  for  domestic  service  as  above 23 .  15 

Total  annua!  charge  against  16-in.  pipe  for  pumping $46.05 

It  is  thus  seen  that  so  far  as  the  fire  protection  service  is  concerned  there  is 
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average  velocity  of  a  given  volume  of  water  can  be  accurately  calculated  if  we 
know  the  number  of  times  that  a  reservoir  is  filled  in  a  given  period  by  the  wtXet 
In  like  manner  the  average  velocity  of  currency  circulation  can  be  estimated 
by  ascertaining  the  number  of  times  the  bank  reserves  are  turned  over  in  a 
3rear.  But  since  bank  deposits  are  normally  about  ten  times  the  bank  reserves, 
the  relative  rate  of  turnover  of  bank  reserves  is  ordinarily  about  the  same  as 
the  rate  of  turnover  of  bank  deposits.  Hence  the  relative  rate  of  turnover 
of  bank  deposits  is  practically  the  same  as  the  relative  rate  of  turnover  of  all 
currency. 

Productive  Ejfficiency. — Prof.  King,  in  his  "Wealth  and  Income  of  the 
People  of  the  U.  S.,"  has  given  some  estimates  of  the  average  annual  incomes 
of  several  different  classes  of  producers,  expressed  in  buying  power  as  w^  as 
in  dollars.  But  he  does  not  give  the  increase  in  average  income  per  capita 
or  per  worker  for  all  those  classes  of  producers  combined,  and  it  was  this  gefa- 
eral  average  that  I  was  seeking.  Moreover,  I  found  that  through  not  going 
to  the  original  sources,  Prof.  King  had  made  several  errors  both  in  the  actual 
data  and  in  his  interpretation  of  them.  For  example,  he  did  not  realize  that 
the  statistics  as  giicen  in  the  Statistical  Abstract  relating  to  the  value  of 
agricultural  products  are  not  at  all  comparable  for  the  different  census  years, 
a  fact  that  is  pointed  out  in  the  volumes  of  the  IT.  S.  Census.  In  several 
instances  Prof.  King  used  incorrect  index  prices,  e.g.,  simple  averages  where 
weighted  averages  should  have  been  used. 

In  order  to  reduce  to  a  minimum  any  errors  that  might  arise  from  the  use 
of  incorrect  price  indexes,  I  decided  to  secure,  as  far  as  practicable,  the  number 
of  units  of  product  in  each  of  the  four  grand  classes  of  producers  of  commodities 
sold  at  wholesale,  namely  (1)  Agriculture,  (2)  Mining,  (3)  Manufacturing, 
and  (4)  Transportation  by  Rail.  I  found  it  possible  to  secure  all  the  needed 
data  for  every  year  back  to  1869,  except  for  manufactured  products  and  for 
transportation.  Steam  railway  transportation,  however,  could  be  carried 
back  to  the  year  1882,  for  both  the  numbers  of  tons  and  ton-miles  of  freight 
were  available. 

Table  X  gives  a  general  idea  of  the  distribution  of  those  engaged  in  gainful 
occupations,  but  too  rigorous  a  comparison  between  successive  census  years 
should  not  be  made,  especially  between  1899  and  1909,  because  of  differences 
in  the  classification  rules  followed  by  the  census  takers  in  different  years. 

Since  less  than  3  per  cent  of  all  men  engaged  in  gainfull  occupation  btb 
clas.sed  as  steam  railway  employes  (under  Transportation)  in  the  U.  S.  Census, 
no  appreciable  error  can  result  by  omitting  them  entirely  from  consideration 
in  seeking  the  general  average  productive  efficiency  of  ail  workers.  Moreover, 
it  should  be  noted  that  for  every  railway  employe  there  is  an  investment  of 
more  than  $10,000  in  the  railway  plant,  or  about  four  times  as  much  per 
worker  as  is  found  either  in  manufacturing  or  in  agriculture.  All  this  railway 
plant  has  been  built  by  workers  classed  under  Manufacturing  and  Mechanical, 
and  most  of  its  renewals  are  made  by  them  also.  Hence,  viewing  the  problem 
broadly,  the  productive  efficiency  of  railway  employes  is  mainly  due  to  m«i 
not  classed  as  railway  employes. 

The  building  trades  employes  must  be  excluded  from  consideration  because 
no  data  as  to  the  value  of  their  total  output  are  available  since  1899.  For 
1899  and  prior  thereto  the  building  trades  output  was  included  by  the  census 
with  manufacturing  output,  but  I  have  eliminated  it  from  those  years  in 
order  to  derive  a  manufacturing  output  that  will  be  comparable  from  1869 
to  1914.     (Prof.  King  failed  to  take  into  account  the  above  mentioned  duinge 
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square  inch  on  the  pipes  throughout  the  distribution  system,  which  theo- 
retically would  require  the  use  of  heavier  pipe,  but  for  commercial  reasons 
quite  probably  the  pipe  system  would  be  of  practically  the  same  weight  as 
though  it  were  not  called  upon  to  meet  this  extra  pressure.    The  financial 
benefits  accruing  from  being  able  to  secure  the  desired  fire  protection  with  less 
pressure  will  appear  indirectly  in  the  form  of  reduced  maintenance  dharges, 
due  to  less  frequency  of  bursting  the  mains,  less  leakage,  and  consequently 
greater  efficiency  of  the  pumps  and  quicker  response  to  calls  for  fire  pressure. 
Again,  the  maintenance  of  the  fire  department  is  increased  by  the  long 
spaces  between  the  hydrants,  since  each  hose  cart  must  be  equipped  with  at 
least  200  ft.  more  hose,  which  requires  an  investment  of  $600  for  hose,  the  life 
of  which  will  not  exceed  an  average  of  6  years.    Therefore,  with  interest  at 
5  per  cent  the  depreciation  on  the  hose  amounts  to  18  per  cent.    The  main- 
teuance  is  largely  a  matter  of  time  and  attention  of  the  fire  department,  and 
therefore  no  charge  is  figured  for  this  item;  however,  for  interest  and  deprecia- 
tion the  aimual  tax  for  the  extra  hose  is  $138.    This  makes  a  direct  annual 
charge  of  $195.25  due  to  the  effort  to  save  $3,200  in  hydrants,  the  annual 
charge  against  which  would  not  exceed  $200,  leaving  less  than  $5  to  offset  the 
benefits  accruing  from  having  twice  the  number  of  hydrants.    These  benefits 
must  include  the  maintenance  of  the  pipe  system  under  the  decreased  pressure 
as  mentioned  above,  the  reduced  risks  in  fire  insurance,  and  the  greater 
rapidity  with  which  the  fire  department  can  couple  the  hose  and  turn  on  the 
stream,  which  means  that  a  smaller  fire  company  can  perform  the  same 
service.    After  considering  these  points,  it  is  clearly  apparent  that  as  a 
business  investment  it  \a  inexpedient  to  economize  in  the  first  cost  of  a  system 
by  cutting  down  the  number  of  hydrants,  as  is  frequently  done. 

This  brings  up  the  question  of  hydrant  spacing  in  systems  owned  by  private 
companies,  and  suggests  the  fact  that  if  a  franchise  provides  for  a  certain 
stream  to  be  maintained  at  the  hydrant,  it  would  be  to  the  advantage  of  both 
parties  concerned  to  put  in  more  hydrants  at  a  less  rate  per  hydrant.  It 
would  be  better  for  the  company  because  it  enables  it  to  give  the  same  service 
for  less  investment  for  power;  and  it  is  better  for  the  city  because  it  enables  it 
to  save  in  the  maintenance  of  the  fire  department. 

There  are  many  other  points  that  present  themselves  in  planning  an 
economic  system  of  water  works,  such  as  the  relative  efficiency  of  the  different 
classes  of  pumping  machinery,  proper  proportioning  of  the  boilers,  motors  or 
other  machinery,  cost  of  fuel  as  compared  with  condensers,  etc. ;  but  these  are 
not  unlike  the  points  that  should  be  considered  in  the  design  of  every  power 
plant,  and  therefore  they  will  not  be  treated  here. 

The  point  that  the  writer  wishes  to  bring  out  most  clearly  is  the  fact  that- 
without  careful  consideration  of  every  detail  there  is  but  little  probability  that 
an  investment  is  economically  made,  and  that  it  should  be  the  duty  of  those 
in  charge  of  municipal  improvements  to  exercise  the  same  care  in  selecting 
piY^essional  advice  that  they  would  if  they  were  investing  their  own  capital. 
It  will  be  noticed  that  all  of  the  above  calculations  of  comparative  costs  are 
based  on  average  or  normal  prices  rather  than  upon  the  present  war-time  crest. 
This  is  as  it  should  be,  for  any  calculation  to  determine  the  economics  of  an 
engineering  problem  must  be  based  upon  data  that  will  represent  a  fair 
average  throughout  the  life  of  the  project  under  consideration. 
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the  coal  mlaars  (and  they  comprise  80  per  cent  of  all  the  miners)  brcdie  an 
records  (or  output  per  miner,  mainly  because  tbey  worked  about  20  per  oeot 
more  days  per  annum  tban  In  normal  yeaia.  The  output  (or  1S18  dao  wia 
abnonnal.  Had  I  used  Che  abnormally  hl^  output  that  actually  occuned  for 
leiS,  the  result  would  have  been  a  gross  equated  output  <tf  tl.902  pel  miner 


Fia.  2.— "Equated  ProduMi' 

vity"  per  worker  (dollan,  pa  annum). 

Instead  of  the  tl.SSO  Riven  in  co] 

umn  A  of  Table  XIV.     But  since  we  aro 

seeking  tbe  average  efficiBucy  of  . 

all  workem  in  America,  tbls  abnorm^  out- 

put  ot  tbe  coal  miners  for  191S  wc 

>i.ld  give  us  a  false  reeult,  so  both  In  Table 

XIV  and  in  Figs.  2  and  3.  I  bave 

scaled  down  the  mlolog  output  to  thai  of  a 

normal  year. 

With  the  same  number  c*  coal  m 

insrs  about  20  per  cent  more  coal  »aa  mlMd 
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In  1917  than 


Lndustiy. 

The  data  ot  umual  output  Ot  the  mines  ate  to  be  found  In  the  Statistical 
Abetrsct  tA  the  United  Stales. 

Tlie  Gtandord  unit  prices  o. 
XIII,  are  the  prices  at  tho  mi 


Fia.  3. — Productive  effioienoy. 

D«talB  in  the  prlmu;  irholesale  markets.  Since  these  metal  prices  include 
the  cost  of  milling,  smelting  and  freight,  the  resulting  tot^  values  (Table 
XIII)  for  each  year  are  In  eicess  of  the  bore  cost  of  mining.  White  this  makes 
It  Impossible  to  contrast  the  dollars  produced  per  miner  with  tbe  dollars  pro- 
duced per  fanner  for  a  given  year  (Mg.  2),  It  does  not  prevent  a  comparison  of 
the  changes  in  tbeir  respective  efflcieocy  (Pig.  3).  nor  does  it  vitiate  the  final 
conclusions  as  to  the  per  capita  productive  efflcieocy  of  aH  producers  of  whole- 
sale commodities,  aa  vUl  be  more  clearly  evident  when  we  come  to  tbe  dis- 
cussion cS  that  factor  (E|.  The  Increased  investment  la  plajit  per  miner  has 
already  been  taken  Into  consideratitai,  as  above  described. 
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Agricultural  E^Unency. — In  order  to  measure  the  productive  efficiency  of 
agricultural  workers  from  1869  to  1918  inclusive,  I  decided  that  the  most 
exact  method  would  be  to  secure  the  number  of  units  of  product  of  every  imr 
portant  crop  by  years.  Upon  study  of  these  crop  data  it  became  evident  that 
9  crops  comprised  85  per  cent  of  all  crop  values.  Since  the  other  (or  minor) 
crops  bear  an  almost  constant  ratio  in  value  to  the  total  value  of  these  9  crops, 
it  is  apparent  that  we  need  consider  only  the  9  crops  in  estimating  crop  produc- 
tive efficiency  for  dififerent  years. 

Since  crops  usually  vary  somewhat  from  year  to  year  I  decided  to  take  the 
average  of  three  crop  years,  at  five  year  intervals;  thus  for  the  year  1860,  the 
average  of  the  crop  yields  for  1868,  1869  and  1870  was  taken.  Then  I  assumed 
an  average  unit  price  for  each  of  the  crops,  and  multiplied  each  average  crop 
for  the  1869  "period"  by  the  average  price  assumed.  Table  XT  gives  the 
calculated  value  of  the  9  big  crops  for  1869  and  1918.  The  same  unit  prices 
used  in  Table  XI  were  used  for  1874,  1879, 1884,  etc.  at  5-year  intervals,  taking 
the  average  crop  yield  for  three  years  in  each  case. 

The  annual  value  of  the  animals  and  animal  products  (beef,  milk,  eggs,  wool, 
cattle  sold,  etc.)  in  any  year  has  averaged  about  55  per  cent  of  the  value  of  all 
the  crops.  Hence  if  we  multiply  the  value  of  the  9  big  crops  by  1.18  to  get  the 
value  of  all  crops,  and  if  we  multiply  this  product  by  1.55  we  get  the  value  of 
all  agricultural  products.     The  product  of  1.18  and  1.55  is  1.83. 

The  standard  for  unit  prices  assumed  in  calculating  the  crop  values  (see 
Table  XI)  were  approximately  those  of  1909  to  which  about  7  per  cent  must 
be  added  to  be  equivalent  to  the  price  level  of  1913,  which  is  the  year  that  I  use 
throughout  as  the  standard  of  prices.  So  if  we  add  7  per  cent  to  1.83  we  get 
1,96,  which  is  the  factor  by  which  to  multiply  the  value  of  the  9  crops  cal- 
culated on  the  prices  given  in  Table  XI,  to  get  the  value  of  all  crops  and  animal 
products.  But  it  happens  that  a  very  considerable  part  of  the  farm  products 
are  consumed  on  the  farms.  The  census  of  1899  shows  that  20  per  cent  of  the 
total  value  of  all  farm  products  was  fed  to  live  stock.  On  the  other  hand,  the 
-  census  of  1909  shows  that  the  quantities  of  animal  products  and  the  ncunber 
of  cows  reported  by  farmers  were  not  given  in  full,  a  check  count  showing  the 
omissions  as  to  dairy  cows  being  22  per  cent  of  the  total  cows.  From  a  study 
of  such  data,  I  have  concluded  that  a  deduction  of  about  12  per  cent  from  the 
total  of  agricultural  products  will  give  a  very  close  approximentation  to  the 
value  of  farm  products  after  deducting  the  food  consumed  by  live  stock  and 
after  adding  the  value  of  items  that  were  underestimated  in  the  reports  made 
by  farmers.  Annual  increments  in  farm  equipment  are  so  small  a  percentage 
of  farm  output  they  need  not  be  considered.  Taking  this  12  per  cent  from  the 
factor  of  1.96  (above  deduced,  reduces  the  factor  to  1.745 — call  it  1.75.  Hence 
if  we  multiply  the  total  values  of  the  9  big  crops  (a«3  given  in  Table  XI  for 
1869  and  1918,  and  as  similarly  calculated  for  intervals  of  5  years  between 
those  years)  we  get  the  equated  total  value  of  farm  products  after  deducting 
the  value  of  food  fed  to  livestock.  The  resulting  totals  for  each  year  if 
divided  by  the  numbers  of  agricultural  workers  give  the  "equated"  annual 
productivity  per  agricultural  worker. 

The  word  "equated"  here  means  reduced  to  the  same  standard  prices  for 
the  standard  year,  the  standard  year  in  this  case  being  1913. 

Fig.  2  shows  the  output  in  dollars  per  year  per  "farmer,"  for  each  of  the  5- 
yeai  points  (each  "point"  being  an  average  for  three  years'  crops,  as  above 
explained),  from  1869  to  1918  inclusive.  Even  though  I  had  largely  elimin- 
ated the  efifect  of  fluctuations  in  crop  yield  (by  taking  3-year  averages),  it  ii^ 
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evident  that  the  effects  of  very  bad  crop  failures  were  not  entirely  "ironed 
out-.**  Since  we  afe  seeldng  average  annual  productive  efficiency  per  capita, 
it  is  necessary  to  "iron  out"  all  irregularities.  Accordingly,  it  is  necessary 
to  omit  the  results  for  the  year  1874  and  1894,  for  exceptionally  large  crop 
failures  occurred  at  these  "  points."  To  do  this  "  ironing  out,"  draw  a  straight 
line  on  Fig.  2  from  the  farmer  output  in  1869  to  that  in  1879,  thence  to  that  in 
1889,  thence  to  that  in  1918.  This  line  (which  is  not  shown  in  Fig.  2  but  can 
be  drawn  by  the  reader)  may  be  called  the  "  adjusted  curve  of  output  per. 
farmer."  It  serves  merely  to  "iron  out"  irregularities  of  farm  productivity 
due  to  irregularities  in  the  weather,  and  thus  gives  a  true  measure  of  the 
increase  in  the  average  productivity  per  farmer. 

Column  B  of  Table  XII  gives  the  output  per  farmer  for  each  of  the  "periods," 
and  corresponds  to  the  "adjusted  curve  of  output  per  farmer."  Column  C 
gives  the  number  of  agricultural  workers,  those  for  the  years  1914  and  1918 
being  estimated.  The  meaning  oi  each  colunm  is  given  in  the  footnotes  of  the 
table.  Column  E  gives  the  productive  efficiency  per  farmer,  which  is  also 
shown  graphically  in  Fig.  3,  from  which  we  see  that  agricultural  efficiency  rose 
from  80  in  1869  to  100  in  1879,  then  to  111  in  1889,  then  to  125  in  1918.  This 
in  an  excellent  record  for  the  20  years  following  1869,  but  a  miserable  record 
for  the  30  years  following  1889.  Although  this  record  is  bad  it  would  have 
been  worse  had  I  taken  the  number  of  people  engaged  in  agriculture  as  re- 
ported in  the  census  of  1909,  namely  12,659,000.  The  census  report  states 
that  this  number  is  probably  about  500,000  high,  due  to  a  misunderstanding 
by  the  census  enumerarors,  too  many  women  having  been  classed  as  engaged 
in  "gainful  occupation"  on  the  farms.  Accordingly  I  deducted  500,000, 
which  has  resulted  in  raising  the  agricultural  output  about  4  per  cent  per 
worker  over  what  it  would  have  been  had  no  correction  of  the  census  figures 
been  made.  I  have  estimated  a  900,000  increase  in  agricultural  workers 
between  1909  and  1918,  or  100,000  a  year,  which  is  only  0.8  per  cent  yearly,  or 
at  half  the  rate  that  the  total  population  usually  increases.  Had  I  estimated 
a  higher  rate  of  increase  in  farmers,  there  would  have  resulted  a  lower  output 
per  fa,rmer  in  1914  and  1918  then  that  shown  in  Table  XI. 

The  Effi,cxeney  of  Manufacturing  Workers. — Manufacturing  covers  such  a 
vast  variety  of  trades  that  it  becomes  necessary  to  use  a  method  differing 
from  the  one  that  I  used  for  deducing  the  productive  efficiency  of  miners  and 
farmers.  Table  XV  (with  its  footnotes)  shows  the  method  used  to  deduce  the 
productive  efficiency  of  manufacturing  workers  from  1869  to  1914. 

The  method,  briefly  stated,  consists  in  ascertaining  the  gross  value  of  the 
annual  product,  deducting  therefrom  the  value  of  the  raw  materials  and  sup- 
plies, and  dividing  the  net  value  thus  obtained  by  the  wholesale  price  index 
for  the  given  year.  The  quotient  (column  E,  Table  XV)  is  the  "equated" 
net  value  produced  by  the  work  of  all  those  engaged  in  manufacture.  If  great 
exactitude  is  required,  this  result  should  be  reduced  by  about  3  per  cent,  to 
allow  for  the  annual  increment  in  "equated"  investment  in  manufacturing 
plant,  but  this  refinement  is  unnecessary. 

.  Dividing  the  value  of  a  year's  output  by  the  price  index  for  the  given  year 
gives  an  "equated"  value  that  is  comparable  with  that  for  any  other  year. 
By  such  a  method  we  are  able  to  reduce  all  values  to  a  common  basis,  arriving 
at  a  result  similar  to  that  obtained  by  the  method  above  described  for  "  equat- 
ing" the  output  of  miners  and  farmers. 

Fig.  2  shows  graphicaUy  the  data  given  in  column  H  of  Table  XV;  Fig.  3 
shows  the  data  in  oolunm  I. 
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It  will  be  seen  that  manufacturing  workers'  productive  effidenct  or  out-put 
was  84  in  1869,  and  rose  to  158  in  1899 — almost  doubling  in '30  years.  Follow- 
ing 1899  there  was  no  improvement  whatever  for  16  years  (up  to  1914),  and 
there  is  little  doubt  that  some  falling  off  in  manufacturing  workers'  efficiency, 
per  worker,  has  occurred  since  1914.  However,  the  per  capita  productive 
efficiency  of  the  nation  has  not  decreased  materially  since  1914,  because 
farming  and  mining  efficiency  have  risen  sufficiently  to  offset  any  loss  in  manu- 
facturing efficiency.    The  proof  of  this  conclusion  will  now  be  givtti: 

Productive  Efficiency  Per  Capita. — Per  capita  productive  efficiency  has,  so 
far  as  I  know,  never  been  ascertained  before,  yet  its  economic  significance  is  at 
extreme  importance,  entirely  aside  from  its  use  in  my  price  index  formula. 

We  have  already  considered  the  productivity  of  each  of  the  three  great 
classes  of  workers  who  produce  raw  materials  and  finished  factory  commo- 
dities. It  remains  now  to  secure  the  combined  or  composite  efficiency  of 
these  workers.  Before  doing  so  it  may  be  well  to  point  out  the  economic  part 
of  the  other  classes  of  workers,  namely  those  engaged  in  "  professional  service.'* 
"domestic  and  personal  service,"  "trade  and  transportation."  These  three 
great  classes  comprise  about  one-third  of  all  who  are  engaged  in  gainful  occu- 
pations. As  will  be  seen  from  Table  X,  this  ratio  of  one-third  has  been  fairly 
constant  for  the  40  years,  from  1869  to  1909.  It  is  apparent,  therefore,  that 
to  the  cost  of  producing  commodities,  there  must  be  added  about  50  per  cent 
for  transporting  and  distributing  them  and  for  the  professional  service  (educa- 
tinal,  engineering,  etc.)  and  other  services  (government,  etc.).  This  explains 
why  retail  prices  average,  on  the  whole,  approximately  50  per  cent  in  exoesi 
of  wholesale  prices,  year  after  year.  But  the  present  sigmficance  of  this 
constancy  of  the  ratio  of  the  number  of  "producers"  to  "distributors,  etc.," 
namely,  2  to  1,  is  this:  If  we  ascertain  the  efficiency  of  the  "producers"  of 
commodities  sold  at  wholesale  prices,  that  same  efficiency  will  apply  to  the 
"distributors,  etc." 

Table  X  shows  that  the  ratio  of  "workers"  (all  those  engaged  in  gainful 
occupations)  to  total  population  has  increased  since  1869.  Probably  the  rata 
of  increase,  since  1914  has  been  greater  than  theretofore,  because  so  many 
women  who  were  called  into  gainful  service  during  the  war  have  continued 
in  that  service.  This  should  be  borne  in  mind  when  considering  the  produc- 
tive efficiency  of  the  nation  as  a  whole,  for  it  accounts  larg^y  for  the  fact  that 
our  per  capita  efficiency  has  not  decreased  during  the  past  five  years  in  sj^ta 
of  a  decrease  in  individual  efficiency  in  many  industries  and  trades. 

Table  XVI  gives  my  calculation  of  the  per  capita  productivity  and  effi- 
ciency of  the  American  people,  from  1869  to  1918  inclusive. 

It  will  be  observed  that  I  have  estimated  the  "equated"  value  of  manu- 
factured products  for  1918  at  10  per  cent  in  excess  of  that  for  1914.  In 
arriving  at  this  estimate,  I  studied  all  the  data  of  annual  production  of  dif- 
ferent commodities,  and  made  a  "weighted  average"  estimate  of  the  resulting 
percentage  increase.  Table  VIII  contains  only  a  small  fraction  of  the  data 
that  I  used  in  making  this  estimate,  but  it  should  serve  to  silence  anyone  who 
argues  that  high  prices  are  attributable  to  the  reduced  output  of  Americwa 
workers. 

Column  G  of  Table  XVI  shows  the  per  capita  productive  efficiency  of  tha 
American  people  (the  K  in  my  index  price  formula)  and  Fig.  3  shows  the  i 
data  graphically,  from  1869  to  1918.  Observe  that  per  capita  efficiency 
from  80  per  cent  in  1869,  to  100  per  cent  in  1879  (the  year  taken  as  a  standaid 
for  comparison),  then  to  146  in  1904,  then  to  152  in  1914,  and  finally  to  158 J( 
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in  1918.  It  will  be  seen  that  since  1009  there  has  been  very  little  change  in 
per  capita  efficiency.  It  will  be  seen  that,  contrary  to  general  opinion,  the 
productive  output  of  the  nation  did  not  decrease  as  a  result  of  the  war. 

The  Effect  of  Exports  Upon  Price  Levels. — There  ha  vie  been  only  three  years 
since  1875  that  out  imports  have  exceeded  our  exports.  During  the  fifteen 
years  prior  to  the  world  war,  the  excess  of  merchandise  exports  over  imports 
was  as  follows,  by  five-year  periods: 

Milliona 

June  30,  1899,  to  June  30,  1904 $2,652 

June  30,  1904,  to  June  30,  1909 2,381 

June  30,  1909,  to  June  30,  1914 2,385 

Total,  millions  of  dollars $7,318 

Taking  five  years  preceding  the  war,  we  see  that  out  merchandise  exports 
exceeded  out  imports  by  an  average  of  477  milUon  dollars  annually.  In  Table 
XVI  will  be  seen  that  our  average  annual  production  of  wholesale  commodi- 
ties during  the  same  five-year  period  was  18,400  million  dollars.  Hence  9ur 
annual  excess  of  exports  over  imports  averaged  about  2.5  per  cent  of  the 
total  commodities  that  we  produced.  In  my  price  formula  this  2.5  per  cent 
does  not  appear  as  a  corrective  factor,  but  it  is  automatically  taken  care  of. 

Table  IX  Colunm  "A,"  gives  the  "balance  of  trade"  for  each  of  the  last 
five  calendar  years  in  millions  of  dollars.  To  reduce  these  dollars  to  the  same 
purchasing  power  as  existed  in  1913,  the  total  for  each  year  (as  given  in 
Column  "  A")  is  divided  by  the  average  price  index  for  the  corresponding  year 
(as  given  in  Colunm  "B"),  and  quotient  (as  given  in  Colunm  "C")  is  the 
number  of  dollars  of  "balance  of  trade"  expressed  in  terms  of  the  buying 
power  of  a  dollar  in  1913.  This  "equated  value"  of  the  excess  of  exports 
over  imports  is  9,764  million  dollars  for  this  five-year  period,  or  about  1,953 
million  dollars  per  annum,  as  compared  with  477  million  dollars  per  annum 
prior  to  the  war. 

Table  XVI  shows  that  the  annual  production  of  wholesale  conmiodities 
averaged  19,770  for  the  years  1914  to  1918.  Hence  it  follows  that  the  excess 
of  exports  over  imports  during  the  years  1914  to  1919  averaged  about  10  per 
cent  of  the  total  conunodities  produced  during  those  years,  as  compared  with 
2.5  per  cent  during  the  prewar  years;  thus  producing  an  abnormal  deficiency 
of  conunodities  for  home  consumption  amounting  to  7.5  per  cent  of  the  total 
annual  production. 

So  far  as  its  effect  upon  the  American  average  wholesale  commodity  prices 
is  concerned,  this  abnormal  balance  of  trade  of  7.5  per  cent  has  acted  precisely 
as  if  there  had  been  a  7.5  per  cent  decrease  in  productivity.  Hence  the  per- 
capita  productivity  coefficient  (the  E  in  the  price  formula)  must  be  decreased 
7.5  per  cent  for  each  of  the  five  calendar  years,  1915  to  1919,  inclusive. 

Some  Imaginary  Causes  of  High  Prices. — Among  the  imaginary  causes  of 
higher  average  prices  are:  (1)  Profiteering,  (2)  Extravagance,  (3)  Inefficiency 
of  workers,  (4)  Scarcity  of  conmiodities  in  America,  (5)  High  taxes. 

"Profiteering,"  even  where  it  exists,  can  not  affect  average  prices,  however 
much  it  may  s^ect  the  prices  of  a  given  class  of  things.  Profiteering  merely 
serves  to  change  the  distribution  of  the  total  currency,  but  does  not  change  the 
total.  Profiteering  does  not  change  the  total  buying  power  of  the  nation,  for 
that  is  measured  by  the  product  of  the  total  currency  and  its  rate  of  turnover. 
Profiteering  diverts  the  currency  into  pockets  and  bank  accounts  that  it  would 
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not  otherwise  ha^^e  reached.  Such  a  diversion  may  result  in  a  greater  buying 
ot  certain  commodities  by  the  profiteers.  But  by  as  much  as  those  proflteera 
increase  the  demand  for  the  things  they  purchase,  by  an  exactly  equal  amount 
there  occurs  a  decrease  in  the  demand  for  the  things  that  would  otlmwise 
have  been  purchased  had  there  been  no  profiteering. 

The  very  same  sort  of  reasoning  holds  good  as  to  extravagance.  Extrava- 
gance diverts  money  from  the  purchase  of,  say,  construction  materials,  to  say. 
diamonds  and  silks;  but  extravagance  alters  not  one  whit  the  total  annual 
buying  power  of  a  nation.  Every  nation  always  spends  all  that  is  earned 
annually. 

High  taxes  have  no  effect  on  average  prices,  unless  they  cause  a  stagnation 
in  industry.  It  is  possible  that  this  may  yet  occur  to  some  extent,  because  the 
graduated  income  tax  takes  away  a  large  part  of  the  profits  in  business  of  a 
venturesome  nature  and  therefore  tends  to  a  restriction  of  business  enterprise. 
Also  if  high  taxes  lead  to  a  permanent  and  large  increase  in  government  activi- 
ties of  an  unproductive  nature,  there  results  a  lowering  in  productive  efficiency 
per  capita  (the  E  in  my  price  formula)  and  a  consequent  rise  of  average  prices 
of  commodities. 

A  general  scarcity  of  conunodities  in  America  does  not  exist.  This  also  is 
a  fictional  reason  for  high  prices. 

Scarcity  of  commodities  in  Europe  afifects  prices  in  America  by:  (1)  Causing 
a  shipment  of  gold  to  America,  (2)  by  increasing  the  rate  of  money  turnover, 
and  (3)  by  decreasing  the  quantity  of  commodities  available  for  domestic 
markets. 

Modem  political  economists  (with  very  few  exceptions)  have  hitherto  held 
that  bank  deposits  against  which  checks  may  be  drawn  (often  called  "credit 
currency")  are  essentially  the  same  as  money,  and  that,  therefore,  an  increase 
in  bank  deposits  tends  to  raise  the  level  of  prices  just  as  does  an  increase  in 
money.  It  will  be  observed  that  my  formula  does  not  support  that  belief, 
unless  it  can  be  shown  to  be  a  fact  that  bank  deposits  subject  to  check  have 
increased  in  the  same  proportion  that  money  has  increased.  Table  II  shows 
that  the  ratio  of  bank  deposits  to  total  currency  was  2.2  to  1  in  the  year  1880, 
and  that  it  rose  to  5.7  to  1  in  1919.  The  rise  was  steady  and  so  rapid  during 
those  40  years  as  to  make  it  clear  that,  had  total  bank  deposits  had  the  same 
effect  as  currency  in  raising  prices,  there  would  have  occurred  a  price  increase 
several  fold  in  excess  of  what  actually  did  occur.  Table  VII  shows  that  the 
ratio  of  total  bank  deposits  to  deposits  subject  to  check  has  been  constant 
for  30  years,  so  that  it  cannot  be  contended  that  the  more  rapid  increase  in 
total  bank  deposits  has  been  offset  by  a  decrease  in  the  proportion  of  checking 
deposits  to  total  deposits. 

There  remains  only  one  other  way  in  which  the  increase  in  total  bank 
deposits  could  be  offset,  and  that  would  be  by  a  decrease  in  the  rapidity  of 
turnover  of  checking  deposits.  This,  however,  has  not  occurred.  Prof. 
Fisher  states  that  the  contrary  has  occurred.  But  we  need  not  use  his  esti- 
mates to  prove  this  contention,  for  all  that  is  necessary  is  to  refer  to  Tables 
VI  and  VII.  In  Table  VI  we  see  that  the  ratio  of  bank  deposits  to  total  bank 
clearings  "  adjusted  "  for  the  effect  of  New  York  Stock  Exchange  transactions 
has  averaged  about  9  for  the  past  30  years  oscillating,  back  and  forth  from  this 
average.  Table  VII  shows  that  during  the  same  period  the  ratio  of  total 
deposits  to  checking  deposits  has  averaged  2  to  1,  and  that  there  have  been 
only  slight  departures  from  this  average  at  any  time.  Hence  it  follows  that 
the  ratio  of  "adjusted"  annual  bank  clearings  to  checking  bank  deposits (■■ 
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"credit  cuirency")  hue  ftToiaced  IS  to  1,  ami  that  tbare  bave  be«D  otily 
ralativelf  small  deputuree  tram  this  average. 

It  1b  made  clear  Irom  these  facta  thai  the  rapid  Increase  in  bajik  deposItB. 
■a  compared  with  the  less  rapid  increase  in  total  currency,  has  not  been  offset 
dthei  by  (1|  a  decreaae  In  the  ratio  of  cbecklne  depoelta  to  total  deposits  or 
by  (2)  a  decrease  in  the  rapidity  of  annual  turnover  of  checking  deposits. 
This  being  so.  it  is  conclusively  established  that  avero^  commoditj  pdcee 
would  be  nearly  two  tlmee  as  high  as  they  now  are,  were  it  a  fact  that  checking 
depoeils  bave  the  same  eSect  aa  cuiremcy  upon  prices,  It  being  remembered 
that  per  capita  bank  deposits  have  Increased  2  timet  as  rapidly  as  currency 
since  1800  (See  Table  11). 


191S, 

Ptt^ietina  Priet  LatU  bji  tht  J'ormuJa. — Tattle  XVII  and  Fig.  4  show  the  actual 
wholesale  price  Indexes  tor  every  year  from  ISSB  to  1919  compared  with  price 
Indexes  calculated  by  the  formula.  The  agreement  is  so  close  as  to  verify 
the  accuracy  of  the  formula.  especiaUy  when  consideration  is  given  to  the  wide 
range  not  onljr  of  the  price  level  during  this  period  but  the  great  variatloa  In 
each  of  the  four  variables  lu  the  formula. 

So  loog  as  the  variables  affecting  price  levels  were  not  known  quantitatively. 
It  was  impraclicabte  to  predict  price  levels  with  any  degree  of  accuracy.  But 
by  considering  the  probable  changes  In  each  of  the  four  variables  in  the  price 
formula.  It  Is  possible  to  forecast  price  movements  with  considerable  accuracy. 

It  b  probable  that  tbe  50  per  cent  Increase  in  gold  that  America  secured 
during  the  war  will  not  be  materially  reduced  for  several  years,  because  Europe 
owes  America  Q  bOllon  dollais.  or  mora  than  all  tbe  gold  In  cmmlation  In  the 
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There  may  be  some  decrease  in  this  currency  due  to  the  retirement  of  Federal 
Reserve  notes,  but  this  shrinkage  is  iikely  to  be  nearly  offset  by  increase  in 
gold.  Hence  when  the  velocity  of  circulation  (V)  returns  to  normal,  and  when 
exports  and  imports  again  reach  a  normal  relation  of  substantial  equality,  we 
shall  have  left  only  one  factor  that  has  changed,  namely  per  capita  currency. 
Since  that  has  increased  60  per  cent,  and  is  not  likely  to  change  rapidly,  the 
new  price  level,  or  new  price  plateau,  will  be  about  60  per  cent  above  the  pre- 
war price  level.  This  price  plateau  will  probably  slope  gently  downward  as 
it  did  after  1867,  following  the  two-year  readjustment  period  when  prices 
declined  rapidly  (see  Table  I).  The  factors  that  will  tend  to  decrease  price 
levels  will  be  an  increase  in  population  (at  about  1.5  per  cent  yearly),  and  an 
increase  in  productivity  efficiency,  which  may  possibly  reach  2  per  cent  annu- 
ally; thus  resulting  in  a  steady  drop  in  the  price  level  at  the  rate  of  about  3.5 
per  cent  annually  from  the  new  lev^  of  160. 

Table  XXI  shows  the  price  levels  by  months  up  to  Jan.,  1922. 

All  Prices  Tend  to  Seek  the  Average  Price  Level. — A  study  of  price  indexes 
shows  that,  although  a  particular  commodity  may  vary  in  its  price  changes 
at  a  rate  somewhat  different  from  that  of  the  average  of  all  commodity  prices 
still  there  is  a  strong  tendency  to  follow  the  average  price  movement. 

Following  the  Civil  War,  building  material  prices  remained  above  the  gen- 
eral price  level  for  fourteen  years.  This  was  due  mainly  to  the  restriction  of 
construction  during  the  four  years  of  war,  and  the  subsequent  strong  demand 
for  construction  materials  when  the  country  began  to  make  up  for  the  pre- 
vious subnormal  construction.  Probably  the  same  phenomenon  will  be  wit- 
nessed during  the  next  few  years. 

Tables  XXI  and  XXII  show  price  indexes  of  constmction  materials  com- 
pared with  the  average  of  all  commodities.  It  should  be  observed  in  Table 
XXII  that  price  index  for  building  materials  was  55  in  1860,  as  compared  with 
100  in  1913,  indicating  that  the  average  price  of  building  materials  increased 
80  per  cent  during  these  53  years.  On  the  other  hand  the  average  wholesale 
price  of  all  commodities  increased  only  10  per  cent  during  the  same  period. 
This  seems  to  indicate  a  relatively  small  increase  in  the  productive  efficiency 
of  workers  engaged  in  producing  building  materials,  coupled  with  a  growing 
scarcity  of  timber. 

Table  II. — Population,  Currency  and  Bank  Deposits 

Popu-  Currency       Bank  depos-     Total  bank 

Year  lation  per  its  per  cap-        depositst 

(June  1)  capita  ita  (July  1)        (millions) 

1895 30,822,000  $14.35  $35.80*  $1,008* 

1860 31,443,321  13.85  34.60*  1,089* 

1861 32,064,000  13.98  35.00*  1,121* 

1862 32,704,000  10.23  25.60*  837* 

1863 33.365,000  17.84  44.50*  1,488* 

1864 34,046.000  19.67  49.20*  1,674* 

1865 34.748.000  20.58  51.50*  1,787* 

1866 35.469.000  18.99  47.50*  1,684* 

1867 36.211,000  18.29  45.70*  1,656* 

1868 : 36,973,000  18.42  46.00*  1,702* 

1869 37,756,000  17.63  44.10*  1,664* 

1870 38.558,371  17.51  43.80*  1,691* 

1871 39.555,000  18.17  45.40*  1.797* 

1872 40,596,000  18.27  47.50*  1,928* 

1873 41,677,000  18.09  48.80*  2,035* 

1874 42,796,000  18.13  50.80*  2,173* 

Foot  Notes: 

•  Estimated  by  multiplyini;  total  currency  by  2.5  for  the  years  1869  to  1871 
inclusive,  then  by  2.6  for  1872,  by  2.7  for  1873,  and  2.8  for  1874. 
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Tablb  II. — PoptTLATioN,  CuBRBNCY  AND  Bank  Dbpobtts — Continued 

Popu-  Currency  Bank  depos-     Total  bank 

Year                                         lation  per  its  per  cap-  deposits 

(June  1)  capita  ita  (July  1)  (millions) 

1875 43,951.000  17.16  49.66  2. 183* 

1876 45,137,000  16.12  47.65  2.151 

1877 46.353,000  15.58  44.38  2.057 

1878 47,598.000  15.32  39.94  1.901 

1879 48,866,000  16.75  37.53  1,834 

1880 50,155,783  19.41  42.55  2.134 

1881 51, 316. OOP  21.71  49.47  2.539 

1882 52,495,000  22.37  52.49  2.756 

1883 53,693,000  22.93  54.80  2.876 

1884 54,911.000  22.65  52.40  2.874 

1885 56.148,000  23.03  54.50  3.061 

1886 57,404,000  21.78  55.50  3.186 

1887 58,680,000  22.45  56.32  3,596 

1888 59,974,000  22.88  57.01  3.704 

1889 61,289,000  22.52  61.62  4.025 

1890 62.947,714  22.82  64.51  4.361 

1891 63,844,000  23.45  65.74  4,482 

1892 65.086,000  24.60  71.67  4.944 

1893 66,349.000  24.06  69.74  4,834 

1894 67,632,000  24.56  68.77  4.849 

1895 68.934,000  23.24  71.39  5,167 

1896 70,254,000  21.44  70.39  5.122 

1897 71,592,000  22.92  71.16  5.245 

1898 72,947,000  25.19  77.98  5,874 

1899 74,318,000  25.62  91.08  6,964 

1900 75.994,575  26.93  95.26  7.527 

1901 77,612,569  27.98  109.01  8.817 

1902 79,230,563  28.43  114.91  9.501 

1903 80,848,557  29.42  118.17  9.953 

1904 82.466,551  30.77  121.27  10.288 

1905 84.084,545  31.08  134.99  11,735 

1906 85,702,533  32.32  142.54  12.546 

1907 87,320,539  32.22  150.02  13.553 

1908 88,938.527  34.72  143.75  13.166 

1909 90.556,521  34.93  155.79  14.687 

1910 92,174,515  34.33  165.81  15,658 

1911 93.792,509  34.20  169.59  16,332 

1912 95.410.503  34.34  178.43  17,480 

1913 97.028,497  34.56  180.10  17.905 

1914 98,646,491  34.35  187.72  18.955 

1915 100,264.485  35.44  191.75  19,628 

1916 101,882.479  39.29  224.55  23,319 

1917 103.500.473  45.74  254.01  26.776 

1918 105,118,467  50.81  265.72  28,511 

1919 106,740.000  54.74  309.89  33.065 


*  For  years  following  1874  the  data  given  by  the  comptroller  of  the  currency 
in  the  Statistical  Abstract  of  the  U.  S.  are  taken,  except  as  to  private  banks, 
which  (since  1877)  have  been  estimated  by  multiplying  the  private  bank  deposits 
given  in  the  Statistical  Abstract  by  4,  because  only  one-fourth  of  the  private 
banks  have  reported  their  deposits.  The  correctness  of  this  estimate  for  private 
banks  is  confirmed  by  data,  given  in  Mitcnell's  "Business  Cvcles."  The  total 
deposits  in  private  banks  has  been  only  about  0.6  per  cent  of  the  total  deposits 
in  all  othier  Danks  for  several  years  past.        ,    .     „  ..,,..,,  t,     ,    tx 

These  bank  deposits  are  those  known  technically  aa  Individual  Bank  De- 
podte,"  which  excludes  the  U.  S.  Govt,  deposits. 
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Tabub  III. — Nbw  Yobk  Stock  Exchanob  Salbs 

No.  of 
Calendar  shares 

year  of  stock 

1889 72,014,600 

1890 71,282,885 

1891 69.031,689 

1892 86,875,092 

1893 80,977,839 

1894 49.075.032 

1896 66,583:232 

1896 54,654,096 

1897 77,324,172 

1898 112,699.967 

1899 176,421.135 

1900 138..380.184 

1901 266,944,659 

1902 188,503,403 

1903 161,102,101 

1904 187,312.065 

1905 263.081.156 

1906 284.298,010 

1907 196,438,824 

1908 197,206,346 

1909 214,632.194 

1910 164,051.061 

1911 127.208.268 

1912 131,128.425 

1913 83,470.693 

1914 47,900,668 

1916 173.145,203 

1916 233,311,993 

1917 185.628,948 

1918 144, 118,469 

1919 316.787,725 


Bonds 

Stock  value 

at  par 
in  millions 

in  millions 

$4,060 

398 

3.978 

379 

3.813 

391 

4.875 

503 

4,651 

301 

3.095 

355 

3.809 

503 

3.330 

386 

4.974 

645 

8.188 

918 

13.430 

768 

9.250 

645 

20.432 

917 

14.219 

951 

11.005 

596 

12.062 

1.037 

21.296 

1.022 

23.394 

672 

14,758 

619 

15.320 

1.062 

19.143 

1,293 

14.126 

634 

11.004 

897 

11.563 

670 

7.171 

494 

3,899 

456 

12,662 

961 

18.870 

1,150 

15,610 

1,047 

12.483 

1,980 

25.906 

3.809 

Tablb  IV. — Bank  Clbabings  in  Millions  of  Dollabs 

(Calendar  Years) 

New                   All  New                   All 

Year                      York                 U.  S.           Year  York              .  U.  S. 

1889 $35,895           $56,175         1905 $93,822      $143,909 

1890 37,458             60.623         1906 104.675          160.019 

1891 33,749             66,718         1907 87,182          145.175 

1892 36.662             62.109         1908 79.275          132.408 

1893 31,261             54.323         1909 103,688         165.608 

1894 24.387             45.686         1910 97.275          163.722 

1896 29.841             63,348         1911 92.373          160.230 

1896 28,870             51,333         1912 100.474          174.914 

1897 33,427             67,403         1913 94.634          169.826 

1898 41.971             68.931         1914 83.019          165.242 

1899 60.761             94,178         1915 110.664          187.818 

1900 52.634             86,205         1916 169,681          260.953 

1901 79,420           118,679         1917 177.405          306.946 

1902 76,328           118,023         1918 178,533          332.351 

1903 65,970           109,209         1919 235,802          417.519 

1904 68,649  112,621 

Foot  Note:  The  bank  clearings  given  in  thtf  Statistical  Abstracts  of  the  U.  S.  are 
for  fiscal  years  ending  Sept.  30.     In  ordinary  times  these  do  not  differ  greatly 

from  those  for  calendar  years  ending  Dec.  31,  but  in  times  of  rapid  business 
changes  they  may  differ  considerably. 
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TabijB  V. — Bank  CijSarings  (Millions  of  Dollars) 

Column                  A                 B              C*              D                E  F 

New  York ^  Adj  listed  Clearings      Total 

Calendar                                   Stock      Adjust-        N.  Y.      outside  adjusted 

year                Clearings        sales         ment      clearings      N.  Y.  clearings 

(A  -  C)  (D  -H  E) 

1889 35.895         4.059       17.860       18.035       20,280  38.315 

1890 37,458         3,978       17.503       19.955       23.165  43.120 

1 33.749-     3,812       16.773       16,976       22.969  39.945 

2 36.662         4,874       14.622       22,040       25,447  47,487 

3 31,261         4,550.     10,010       21,251       23.062  44.313 

4 24,387         3,095         6,809       17,578       21,299  38,877 

5 29,841         3,808         8,378       21,463       23,507  44,970 

6 28,870         3,330         7,326       21.544       22.463  44.007 

7 33.427         4.974       10.943       22.484       23.976  46.460 

8 41.971         8,187       18,011       23,960       26,960  50,920 

9 60,761       13,429       29,544       31,217       33,417  64,634 

1900 52,634         9,249       20,348       32,286       33,571  65,857 

1 79,420       20,432       44,950       34,470       39,159  73,629 

2 76,328       14,218       31,280       45.048       41,695  86,743 

3 65,970       11,004       24,209       41.761       43.239  85,000 

4 68,649       12,061       26,534       42,115       43,972  86,087 

5 93,822       21,296       46,851       46,971       50,087  97,058 

6 104,675       23,393       51,465       53,210       55,344  108,554 

7 87,182       14.758       32,468       54,714       57,993  112,707 

8 79.275       15,319       33,702       45,573       53,133  98,706 

9 103,588       19,142       42,112       61,476       62,020  123,496 

1910 97,275       14,126       31,077       66,198       66,447  132.645 

1 92,373       11,004       24,209       68,164       67,857  136,021 

2 100,474       11,562       25,436       75,038       74,440  149,478 

3 94,634         7.171       15,776       78.858       75.192  154.050 

4 83,019         3,898         8,576       74,443       72,223  146,666 

5 110,564       12,661       27,854       82,710       77.254  159,964 

6 159,581       18,870       41.514     118,067     101,372  219,439 

7 177,405       15,609       34,340     143,065     129,540  272,605 

8 178,533       12.483       27,463     151.070     153,818  304,888 

9 235,802       25,905       56,991     178,811     181,632  360.443 

*  The  quantities  in  this  column  were  calculated  by  multiplying  the  stock  sales 
(column  B)  by  the  following  factors:  For  the  year  1891  and.  prior  thereto,  4.4; 
for  the  year  1892,  3.0;  for  all  subsequent  years,  2.2.  Prior  to  May  17,  1892,  the 
N.  Y.  Stock  Exchange  clearings  were  merged  with  the  N.  Y.  Bank  Clearings,  but 

thereafter  there  was  no  merger.  Tf  greater  accuracjr  is  desired,  add  the  N.  Y. 
stock  sales  to  the  bond  sales  and  multiply  by  2,  instead  of  approximating 
the  same  result  by  multiplying  the  stock  sales  by  v2.2. 


9.52 
9.89 
8.91 
9.61 


Year 

1889 

1890 

1891 

1892     

1893   9.17 

1894 

1895 

1896 

1897 

1898 


Table  VI. — Velocity  of  Circulation  (V) 
(V)  Year  (V)  Year 


1900. 


8.02 
8.70 
8.60 
8.86 
8.67 


8.75 

1901 8.35 

1902 9.13 

1903 8.54 

1904 8.36 

1^5 8.27 

1906 8.65 

1907 8.33 

1908 7.50 

1909 8.41 


(Y) 


1910 8.47 

1911 8.32 

1912 8.55 

1913 8.60 

1914 7.74 

1915 8.15 

1916 9.41 

1917 10.18 

1918 10.70 

1919 10.89 

1899 9.28 

Foot  Note:  The  world  war  began  early  in  Aug.,  1914,  aud  was  followed  immedi- 
ately by  an  abnormal  decrease  in  bank  clearings  due  to  failure  to  pay  obligations. 
HeBoe  the  value  of  V  for  1914  is  below  the  real  rate  of  money  turnover,  and 
aooordingly  it  leads  to  an  incorrect  result  for  1914  when  used  in  the  price  formula. 
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Table  VII. — Total  Bank  Dbposits  and  Chbckino  Ubposits  ob   "Cbbdit 


•1 


Currency" 
C^illions  of  Dollars) 


Year 


Total       Checking 
deposits     deposits 


Year 


Total    Checking 
deposits     deposite 


1891 4.482  2,325 

1892 4,944  2,616 

1893 4,834  2,510 

1894 4,849  2,578 

1895 5,167  2,731 

1896 5,122  2,688 

1897 5,245  2,747 

1898 5,874  3,198 

1899 6,964  3,365 

1900 7,527  4,305 


1901 8.817  4,086 

1902 9.501  6.3«7 

1903 ..: 9.953  5.853 

1901 10.288  6.550 

1905 11,735  6.800 

1906 12.546  7,103 

1907 13.553  6,522 

1908 13,166  6,888 

1909 14,687  7,713 

1910 15,658  8,242 


Foot  Note:  Total  bank  deposits  are  taken  from  Table  II.     Checking  Deposite 
are  taken  from  Mitchell's  "Business  Cycles." 


Table  VIII. — Per  Capita  Pboductivb  Efficiency  (E) 


Year 


(E) 


Year 


(E) 


Year 


1869 

0.80 

1886 

1.16 

1903 

1870 

0.82 

1887 

1.18 

1904 

1871 

0.84 

1888 

1.21 

1905 

1872 

0.86 

1889 

1.23 

1906 

1873 

0.  88 

1890 

1.25 

1907 

1874 

0.90 

1891 

1.26 

1908 

1875 

0.92 

1892 

1.28 

1909 

1876 

0.94 

1893 

1.30 

1910 

1877 

0.96 

1894 

1.31 

1911 

1878 

0.98 

1895 

1.33 

1912 

1879 

1.00 

1896 

1.35 

1913 

1880 

1.02 

1897 

1.37 

1914 

1881 

1.05 

1898 

1.38 

1915 

1882 

1.07 

1899 

1.40 

1916 

1883 

1.09 

1900 

1.41 

1917 

1884 

1.11 

1901 

1.43 

1918 

1885 

1.  14 

1902 

1.44 

1919 

(E). 

.46 
.47 
.40 
.50 
.52 
.53 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.56 
.56 


Foot  Note:  During  the  years  1915  to  1919  our  exports  exceeded  our  importe 
by  an  amount  that  was  abnormal  to  an  extent  that  is  equivalent  to  reducing  the 
quantity  of  goods  available  for  domestic  consumption  by  7.5  per  cent.  Accord- 
ingly the  factor  E  in  this  table  must  be  rcducca  7.5  per  cent  or  to  1.43  for  the 
years  1915  to  1919  inclusive. 


Table  IX. — Excess  of  Exports  over  Imports 


Calendar 
year 

1915. 

1916  . 

1917  .. 

1918  . 
1919.. 

Total. 


$15,284 


B 


Column  "A" 

Price 

-h 

Excess 

Index 

column  "B*» 

$  1.776 

100 

$1,776 

3,091 

123 

2.513 

3.282 

175 

1.818 

3.118 

196 

1,586 

4.017 

212 

1.872 

f0,704 
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Tablb  X. — Gainful  Occupation  Statistics 
(Thousands) 

Year 1869         1879         1889         1899  1909 

Agriculture 5,922       7,714       8,148     10,382  12,668 

Professional 372           603           944       1 ,259  1 ,825 

Domestic  and  personal 2,302       3,418       4,221       5,581  5,361 

Trade  and  transportation^ 1 ,  240*      1 ,  872       3 ,  326       4 ,  766  7 ,  606 

Manufacturing  and  mechanical^ . .       2 ,  670       3 ,  786       5 ,  687       7 ,  086  10 ,  807 

Total  gainful  occupation 12 ,  607     17 ,  392     22 ,  318     29 ,  073  38 ,  167 

Total  population 37,756     48,866     61,289     74,318  90,657 

Fishermen 41             60             69  68 

Building  trades 681       1,135       1,212  1,661 

Mines  and  quarries 163           296           531           740  1 ,  177 

Transportation^ 587       1,131       1,515  2,466 

Foot  Notes: 

1  Manufacturing  and  mechanical  includes  fishing,  building  trades,  mines  and 
quarries,  railway  shopmen. 

2  Transportation  includes  railways  (exclusive  of  shopmen),  telegraph  and  tele- 
phone linemen  and  operators. 


Table  XI. — Crop  Data  for  Two  Periods,  1869  and  1918 

Period  of  1869 

Total 

Millions        Unit  millions, 

Crop                                                                             of  units        price  dollars 

Corn,  bu 958         $0. 55  527 

Wheat,  bu 240           1 .  00  240 

Oats,  bu 263           0. 40  105 

Barley,  bu 26           0. 60  16 

Hay,  ton 25. 70         12. 00  308 

Potatoes,  bu 118           0.60  71 

Cotton,  bale 2.65         55.00  146 

Tobacco,  lb 393           0. 10  39 

Sugar,  lb 80           0. 025  2 

Total 1 ,454 

Period  of  1918 

Corn,  bu 2,871         $0.55  1,579 

Wheat,  bu 784           1.00  784 

Oats,  bu 1,563           0.43  625 

Barley,  bu 278          0. 60  167 

Hay,  ton 80.41         12.00  965 

Potatoes,  bu 422           0  60  253 

Cotton,  bale. 11. 50         55. 0  633 

Tobacco,  lb 1 .295          0. 10  130 

Sugar,  lb 2,143           0.025  54 

Total 5,190 

Foot  Note:  The  crop  quantities  for  the  "Period  of  1869"  are  the  average 
for  the  three  years  of  1868,  1869  and  1870.  The  crop  quantities  for  the  "Period 
of  1918*'  are  the  average  for  the  two  years  of  1917  and  1918. 
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Tablb  XII. — Farming  Efficibnct 

A  B  C  D  E 

o  o  OS 

••-I  «.M  O 

"Period"  |S  «i|  -e.  ^.S  S. 

8S.«        SS.'S  §£S        ^ffJ  «** 

s^-g.      '^^2       -a^s      "sS^i         .s® 
«S2       «Sft        §i$i       S^-§         2-3 

1860 $246  $430  5,922  $2,545  80.4 

1879 306  536  7,714.  4,130  100.0 

1889 340  595  8,566  6,103  111.1 

1899 353  613  10,382  6,414  115.4 

1904 359  629  11,522  7,238  117.3 

1909 365  638  12.159  7,767  119.3 

1914 375  647  12,660  8,309  122.5 

1918 383  671  13.060  8,764  126.2 

Foot  Notes: 

Column  A  gives  the  equated  average  annual  gross  output  of  agricultural 
workers,  for  the  9  leading  crops  per  year  ner  worker  (see  Table  XI  for  two  typi- 
cal "Periods"). 

Column  B  is  the  value  in  column  A  multiplied  by  1.75,  giving  the  per  worker 
equated  value  of  all  farm  products. 

Column  D  is  one-thousandth  of  the  product  of  the  numbers  in  columns  B  and 
C. 

Column  E  is  derived  by  dividing  the  numbers  in  column  A  by  536,  the  536  being 
the  equated  value  of  all  farm  products  per  farmer  for  the  "period"  of  1879;  this 
year,  1879,  being  taken  as  a  standard  for  comparing  the  output  during  each  of 
the  "periods." 

The  word  "period"  is  used  to  designate  the  average  crop  for  three  years,  as' 
explained  in  the  article  and  in  Table  XI. 


Table  XIII.— Mining  Data  fob  Two  Years,  1869  and  1918 

Year  1869 

Total 

Millions                 Unit  miUiona  oi 

Mineral                         of  units                  price  dollan 

Coal,  long  tons 29. 38                 $     1. 50  44. 07 

Copper,  long  tons                                     0. 01                   300. 00  3. 00 

Iron  ore,  long  tons 3. 03                       2. 00  -6. 06 

Gold,  oz 2. 39                     20. 70  49. 47 

SUver,  oz 9.28                       1.00  9.28 

Lead,  short  tons 0. 02                   100. 00  2. 00 

Zinc,  short  tons 0.01                    120.00  1.20 

Total 115. 08 

Year  1918 

Coal,  long  tons 581. 61                 $     1. 50  872. 42 

Copper,  long  tons 0. 89                  300.00  267.00 

Iron  ore,  long  tons 75. 57                       2. 00  161. 14 

Gold,  oa 3.31                     20.70  68.62 

SUver,  oz 67. 88                       1. 00  67. 88 

Lead,  short  tons 0. 54                   100. 00  64.00 

Zinc,  short  tons 0.58                  120.00  60.60 

Total 1 .  560. 56 
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Tablk  XIV, — Mining  Epficibnct 


B 


D 


E 


Total 

70%  total 

Number 

equated 

equated 

of 

value, 

value, 

minera 

millions 

millions 

Efficiency 

162,107 

S     115 

%  81 

91.7 

234,228 

193 

135 

100.0 

387,248 

354 

248 

110.9 

563.406 

627 

439 

134.8 

670,562 

826 

479 

149.3 

777,719 

1.084 

759 

168.8 

818,647 

1.211 

842 

179.2 

815.230 

1.264 

885 

187.8 

Equated 
output 
Year  per  miner 

1869 S     757 

1879 825 

1889 916 

1899 1.112 

1904 1,232 

1909 1,393 

1914 1,479 

1918 1,550 

Foot  Notes: 

Column  A  gives  the  equated  average  annual  gross  output  of  all  miners  engaged 
in  producing  the  7  leading  minerals.     (See  Table  XIII.) 

Column  B  is  the  number  of  miners  thus  engaged. 

Column  C  is  one-millionth  of  the  product  of  the  numbers  in  columns  A  and  B. 

Column  D  is  70  per  cent  of  column  C,  and  this  is  the  equated  value  produced 
by  the  miners  after  deducting  30  per  cent  for  raw  materials  and  supplies. 

Column  E  is  derived  bv  dividing  the  numbers  in  column  A  by  825,  the  825 
being  the  equated  value  of  minerals  per  miner  for  the  year  1879;  this  year,  1879, 
being  taken  aa  a  standard  for  comparing  the  output  during  each  of  the  years. 


Tabli:  XV. — Manufacturing  Productivity  and  Efficiency 

A  B  C  D  E 


Total           Total  Value 

value  of  value  of  added 

products,  raw  mtls.,  by  mfg. 

Year                                millions  miUions  miUions 

1869 <  4,232  $2,488  $1,744 

1879 5,370          3,397  1,973 

1889 9,372           5.162  4.210 

1899 13.000           7.344  5.656 

1899 11.407           6,576  4.831 

1904 14.794           8,500  6,294 

1909 20.6Z2         12.143  8,529 

1914 24,246         14.368  9,878 


Weighted 
price 
index 

1.22 
0.87 
0.86 
0.76 
0.76 
0.84 
0.95 
1.00 


Equated 
value 
added 
by  mfg. 

$1,430 
2,268 
4,895 
7,442 
6,357 
7.493 
8,978 
9,878 


Foot  Notes: 

Column  A  gives  the  total  value  of  manufactured  products  in  millions  of 
dollars. 

Column  B  gives  the  total  value  of  raw  materials  and  supplies. 

Column  C  gives  the  difference  between  the  values  in  columns  A  and  B,  or  the 
value  added  by  manufacture. 

Column  D  gives  the  weighted  actual  index  prices  of  all  commodities,  treated 

as  a  percentage.  ..... 

Column  E  gives  the  "equated"  value  added  by  manufacture,  which  is  derived 
by  dividing  the  numbers  in  column  C  by  those  in  column  D. 
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Tablb  XV. — ManufaCtubino  Pboductivitt  and  Efficisnct — Continued 


G 


I 


H 

Adjusted 
Value  per    value  per 
employe      employe     Efficiency 


;  696 

S'  664 

83.9 

830 

791 

100.0 

1,039 

991 

126.3 

1,313 

1,252 

1.252 

168.3 

1.252 

1.252 

158.3 

1,212 

1.212 

163.2 

1,236 

1.235 

166.0 

Employes, 
Year  thousands 

1869 2,054 

1879 2.733 

1889 4,713 

/  1899 5,670 

\  1899 5,077 

1904 5,987 

1909 7,405 

1914 8,000 

Column  F  gives  the  thousands  of  employes. 

Column  G  gives  the  annual  value  created  per  employe,  but  for  the  years  1869, 
1879  and  1889  this  includes  the  buliding  trades  employes,  whereas  the  years 
1904,  1909  and  1914  exclude  the  building  trades.  Hence  two  sets  of  figures  are 
given  in  the  table  for  the  year  1899;  the  upper  set  of  figures  includes  the  building 
trades,  the  lower  set  excludes  them. 

Column  H  gives  the  equated  value  created  per  employe  after  "adjusting'* 
for  the  years  1869,  1879  and  1889  so  as  to  exclude  the  building  trades.  This 
adjustment  is  made  by  taking  95.4  per  cent  of  the  numbers  in  column  G  for 
the  years  1869.  1879  and  1899. 

Column  I  gives  the  efficiency  of  manufacturing  employes,  obtained  by  dividing 
the  numbers  in  column  H  by  791.  which  is  the  adjusted  value  created  by  the 
average  manufacturing  employe  in  1879,  this  year  being  taken  as  a  standard  for 
comparative  purposes. 


Table  XVI. — Per  Capita  Efficiency  in  the  Production  ok  WuolbcmlUB 

Commodities 

(Column  G  gives  values  for  E  in  the  author's  price  formula. ) 

A  B  C  D  E  F  G 

-.2  «  •  fl  1  "O  I 

C*?  «  -3  J!  ifl  •*-£a 

^^'-         -si"    t^'o     -sis      "^         II    -a^Q         I 
l^g    |§§     |§i      ^o      ^     gS-^^       g 

1869 $2,545  $1,222  $81  $3,849  37,756  $102  80.3 

1879 4.130  1,937  135  6,202  48,866  127  100.0 

1889 5,103  4.181  248  9,532  61,289  156  122.8 

1899 6,414  6.357  439  13,210  74,318  178  140.2 

1904 7.238  7.493  479  15,310  82.467  186  146.6 

1909 7.767  9.241  759  17,767  90.557  196  164.3 

1914 8,309  9.878  848  19.035  98.646  193  152.0 

1918 8.754  10.866  885  20,505  105.118  196  153.6 

Foot  Notes: 

C61umn  A  is  taken  from  column  D  of  Table  XII. 

Column  B  is  derived  from  column  E  of  Table  XV.  by  taking  85  42  per  cent  of 
the  numbers  given  there  for  the  years  1869.  1879  and  1889,  in  order  to  eliminate 
the  value  created  by  the  building  trades.  The  $10,866,000,000  for  1918  is 
estimated  in  the  assumption  of  a  10  per  cent  increase  over  1914.  ' 

Column  C  is  taken  from  column  D  of  Table  XIV. 

Column  D  gives  the  total  of  columns  A,  B  and  C. 

Column  F  gives  the  quotient  found  by  dividing  the  numbers  in  column  D  by 
one-thousandth  part  of  the  numbers  in  column  E. 

Column  G  gives  the  quotients  found  by  dividing  the  numbers  in  column  F  by 
127,  so  as  to  express  the  per  capita  efficiency  in  terms  of  that  in  the  year  1879 
taken  as  100  per  cent. 
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Tablb  XVII.-;-Piuch  Indbxbs  Calcxtlated  by  Formula  Compared   with 

Actual 


Cal- 

Year 

culated 

Actu 

1889 

87 

89 

1890 

91 

84 

1891 

80 

83 

1892 

92 

78 

1893 

85 

78 

1894 

75 

71 

1895 

77 

70 

1896 

69 

67 

1897 

74 

67 

1898 

79 

69 

1899...... 

85 

75 

1900 

84 

82 

1901 

82 

80 

1902 

90 

83 

1903 

86 

84 

1904 

87 

83 

Cal- 

Year  culated  Actual 

1905 86  86 

1906 93  91 

1907 89  96 

1908 86  91 

1909 95  94 

1910 94  97 

1911 92  95 

1912 95  99 

1913 96  100 

1914 86  99 

1915 100  100 

1916 128  123 

1917 163  175 

1918 190  196 

1919 207  212 


The  ReltUions  of  Prices  of  Different  Commodities. — Prices  of  different  commo- 
dities tend  to  rise  and  fall  in  harmony.  But  it  should  be  remembered  that 
this  harmony  of  movement  occurs  only  when  there  is  a  harmony  of  supply 
and  demand,  that  is,  when  the  changes  or  demand  are  relatively  the  same  for 
each  of  the  different  classes  of  commodities.  Furthermore  (and  the  fact 
is  rarely  considered)  the  supply  of  commodities  depends  upon  the  productive 
efficiency  of  workers.  If  the  productive  efficiency  in  one  field  remaini^  station- 
ary while  that  in  another  field  is  rising,  then  we  must  look  for  relatively  diverg- 
ing prices  in  the  two  fields.  Thus,  if  the  efficiency  of  steel  producers  is  rising 
while  that  of  lumber. producers  is  stationary,  the  price  of  steel  will  become 
relatively  lower  than  that  of  lumber.  This,  in  fact,  is  exactly  what  occurred 
after  the  Civil  War,  as  shown  in  Table  XVIXI. 


Table  XVIII. — Wholssale  Price  Indexes  (Unweighted) 

(Aldrich  Senate  Report) 


Year 

1860. 
1865. 
1870. 
1875. 
1880. 
1885. 
1890. 


All 

Building 

commodities 

materials 

Metals 

Food 

Cloth 

100 

100 

100 

100 

100 

217 

182 

219 

217 

299 

142 

148 

139 

154 

139 

128 

144 

131 

131 

120 

107 

131 

105 

108 

105 

93 

127 

80 

99 

85 

92 

124 

78 

105 

82 

It  will  be  seen  that  while  the  four  large  classes  of  commodities  moved 
in  general  harmony,  there  was  a  relative  divergence  between  "building 
materials"  and  "metals."  This  was  due  to  a  more  rapid  increase  in  the 
average  productive  efficiency  of  miners  and  metal  manufacturers  than  of 
producers  of  lumber,  brick  and  other  building  materials.  In  the  article  on 
price  levels  in  the  Nov.  24,  1920  issue  of  Engineering  and  Contracting  it  was 
shown  that  the  price  indexes  of  "building  materials,"  "metals"  and  "all 
oommodities '*  were  as  follows  (taking  the  average  of  the  year  1913  at  100): 
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Tabljb  XIX.  — Wholsbalb  Pricb  Indbxbs* 

All  Biulding 

Year  commodities  materials  Metals 

1840 89  64  166 

1850 83  66  164 

1860 90  65  134 

1870 117  86  ISd 

1880 93  76  141 

1890 84  72  110 

1900 82  76  106 

1910 97  101  94 

1913 100  100  100 

1920 243  308  186 

*  These  indexes  are  those  of  the  Bureau  of  Labor  and  the  Aldrich  Senate 
Report,  and  are  all  weighted  averages,  except  those  for  "building  matoriak*' 
and  "metals"  back  of  the  year  1890  which  are  unweighted  averages. 

It  is  worthy  of  note  that  between  1860  and  1913,  "building  materials*' 
increased  80  per  cent  in  price,  on  the  average,  whereas  "metals"  deereaaed 
nearly  30  per  cent.  This  could  scarcely  have  occurred  unless  there  had  been 
a  far  greater  increase  in  productive  efficiency  in  mining  and  metallurgy  than 
in  the  production  of  building  materials  taken  as  a  whole. 

Hence,  while  there  is  a  general  harmony  of  price  movement  of  different 
classes  of  commodities,  each  class  of  commodities  has  its  own  economic  factors 
that  must  be  considered  independently  of  the  factors  that  affect  all  commodi- 
ties in  common. 

Following  our  Civil  War  the  pent  up  demand  for  building  materials  was 
released,  and  it  served  to  hold  the  average  price  to  such  an  extent  that  in 
1880  when  the  price  index  of  "  all  commodities"  was  down  nearly  to  the  pre- 
war level  (Tables  XX  and  XXII),  the  price  index  of  building  materials  never 
did  return  to  the  prewar  level.  Such  facts  must  be  borne  in  mind  when 
forecasting  the  probable  movement  of  building  material  prices. 


Tablb  XX. — Wholesale  Price  Indexes  of  Building  Matbrialb  and  Mbtals 
(The  avcrageB  for  the  year  1860  being  taken  at  100  per  cent) 

All  Building         Metals  and 

Year  commodities        materials        implements 

1860 100  100  100 

1865 191  182  219 

1866 160  187  193 

1867 145  179  179 

1868 151  174  167 

1869 136  166  158 

1870 130  148  139 

1871 124  151  132 

1872 122  167  146 

1873 120  172  149 

1874 121  155  137 

1879 97  115  90 

Foot  Note: 

"All  Commodities"  is  a  weighted  average  wholesale  price  index  of  228 
.commodities. 

The  index  prices  for  "Lumber  and  Building  Materiab"  and  for  "Metals  and 
Implements"  are  simple  averages. 

These  index  prices  are  from  the  Aldrich  Senate  Report,  No.  1394. 
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Principles  upon  wliich  Six  Different  Price  Indexes  are  Based. — Many  users 
of  price  indexes  have  felt  the  need  of  a  more  thorough  understanding  of  the 
details  of  construction  of  such  tabulations,  but  have  not  found  it  easy  to  obtain 
the  information  desired. 

There  are  radical  and  c(Hif  using  differences  among  the  commonly  published 
indexes,  leading  even  to  the  complete  discredit  of  all  index  calculations  in  the 
minds  of  some  people;  and  to  supply  the  evident  need  of  information  upon  this 
subject  we  present  herewith  brief  «cplanations  of  the  construction  of  each  of 
the  five  most  widely  circulated  and  most  commonly  used  indexes  of  wholesale 
commodity  prices.  Complete  explanations  including  data  would  require 
a  large  amount  of  space,  and  readers  desiring  such  information  are  therefore 
of  necessity  referred  to  the  respective  publishers. 

Cfeneral  Prineiplea  of  Price  Indexes. — A  price  index  is  a  device  for  showing 
the  comparative  changes  in  costs  of  certain  groups  of  commodities  over  certain 
periods.  Changes  in  the  cost  of  any  single  conunodity  ordinarily  require  no 
special  treatment  or  device,  but  it  is  often  desired  to  measure  an  average 
(diange  of  price  affecting  an  entire  business — or  in  its  largest  sense,  the  average 
change  in  price  of  all  commodities  which  are  traded  within  a  nation.  Such  an 
index  of  all  conmiodities  serves  to  measure  the  general  price  level,  and  thus 
to  show  (in  reciprocal  form)  the  value  of  money  in  terms  of  the  amount  of  goods 
whi<^  a  given  quantity  of  money  will  buy. 

Because  of  the  difficulties  in  gathering  complete  data,  indexes  are  usually 
based  upon  a  limited  number  of  commodities  only,  the  numbers  in  the  best 
Icnown  indexes  ranging  from  25  to  more  than  300,  but  these  are  selected  with 
the  intention  that  they  shall  afford  a  fair  criterion  of  the  business  in  all  com- 
modities. In  some  indexes  the  commodity  prices  are  weighted  according  to 
their  importance  in  the  nation's  trade:  in  others  they  are  unweighted. 

Indexes  are  most  commonly  stated  in  terms  of  percentage,  the  average 
price  on  some  given  date  or  for  some  given  period  being  arbitrarily  established 
as  100  per  ceat.  It  is  now  quite  common  to  talce  the  average  for  the  year 
1913,  as  100  per  cent,  that  being  the  last  year  for  which  prices  were  unaffected 
by  conditions  due  to  the  great  war. 

A  w^ghted  index  may  be  prepared  as  follows:  The  total  money  paid  for 
all  the  index  commodities  sold  during  the  base  period  (usually  1  year)  is 
called  100%.  Then  the  index  for  any  other  date  or  period  is  given  by  dividing 
the  above  total  into  the  amount  wliich  the  same  quantities  of  goods  would 
have  cost  at  prices  of  the  new  date  or  period. 

Unweighted  indexes  are  prepared  by  adding  together  the  unit  prices  of  all 
the  index  commodities  for  the  date  chosen  as  base,  and  calling  tiiis  sum  100 
per  cent.  Then  the  sum  of  the  unit  prices  of  the  same  commodities  on  any 
other  date,  divided  by  the  sum  on  the  base  date  gives  the  index  for  the  other 
date  in  terms  of  percentage,  Since  under  this  system  a  change  in  price  of  a 
little  used  conmiodity,  such  as  pepper,  produces  an  effect  equal  to  a  similar 
change  in  the  price  of  an  important  commodity,  such  as  flour,  the  unweighted 
index  measures  the  price  level  much  less  accurately  than  does  the  weighted 
index. 

Dun's  Index,  whidi  is  one  of  the  best,  is  expressed  in  terms  of  dollars  per 
capita  consumption  instead  of  in  terms  of  percentage.     This  is  explained  later. 

Altho  indexes  are  of  necessity  approximations  based  upon  partial  data,  when 
properly  made  and  interpreted  they  possess  sufficient  accuracy  for  practical 
use.  and  they  should  not  be  criticised  or  discredited  because  of  their  lack  of 
complete  mathematical  accuracy. 
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We  treat  here  only  of  wholesale  price  indexes,  altho  the  U.  S.  Bureau  of 
Labor  Statistics  publishes  a  retail  price  index,  and  others  have  been  computed. 
The  greater  difficulty  in  obtaining  the  necessary  data  for  retail  prices — ^particu- 
larly as  affecting  the  nation  as  a  whole — accounts  for  the  greater  atteation 
which  has  been  given  to  wholesale  indexes,  and  for  the  general  superiority 
of  the  wholesale  to  the  retail  index. 

Index  of  U.  S.  Bureau  of  Labor  Statistics. — This  index  covers  each  of  0 
groups  of  important  wholesale  conunodities,  and  a  total  for,  all  oommoditiee. 
It  is  calculated  for  each  year  from  1890  to  the  present,  and  for  each  month 
since  January,  1913.  It  is  based  upon  the  sales  of  about  327  conunodities 
— the  number  having  varied  slightly  from  time  to  time.  The  commodities 
selected  cover,  as  nearly  as  is  practicable,  all  the  most  important  articles  of 
wholesale  trade.  Difficulties  in  obtaining  satisfactory  units  of  comparison 
have  kept  out  of  the  index  such  things  as  machinery  and  many  other,  sorts 
of  manufactured  goods;  but  the  large  proportion  ot  the  nations  total  transac- 
tions included  in  the  conimoditias  entering  the  index,  and  the  tendency  of 
price  fluctuations  in  the  omitted  manufactured  articles  to  follow  the  general 
tendency,  leaves  the  index  as  a  reasonably  accurate  picture  of  general  variar 
tions  in  wholesale  prices.  In  the  figures  as  now  published,  the  few  changes 
in  commodities  used  have  been  provided  for,  so  that  the  figures  are  consistent 
for  all  the  years  covered. 

Since  it  is  necessary  to  deal  with  a  constant  basic  quantity  of  each  commod- 
ity, some  average  year's  consumption  is  necessary.  The  quantities  traded  in 
the  census  year  1909  are  at  once  the  most  easily  obtained  and  the  most  accur- 
ate available,  and  are  therefore  used  for  multiplication  by  the  prices  of  each 
index  date  or  period. 

For  each  commodity  group  the  base  is  established  by  multiplying  the  total 
quantity  of  each  article  marketed  in  1909  by  the  average  price  of  that  article 
in  the  year  1913,  adding  all  the  products  so  obtained  for  the  group,  and  calling 
the  total  100.  The  sum  of  the  totals  of  the  9  groups  gives  the  base  of  100  for 
all  commodities.  For  all  other  index  dates  similar  calculations  are  made  with 
prices  as  of  those  dates  and  total  quantities  the  same  as  were  used  for  1913, 
so  that  the  total  of  any  group  divided  by  the  corresponding  total  for  1913 
gives  a  true  weighted  average  price  expressed  as  a  percentage  of  the  weighted 
average  price  of  1913. 

Information  as  to  prices  is  obtained  from  both  official  and  private  sources. 
The  same  is  true  of  the  quantities  marketed  in  1909.  Only  products  actually 
sold  are  used  in  the  astiniate,  products  not  marketed,  such  as  produce  con- 
sumed on  the  farms  where  it  was  raised,  or  steel  ingots  made  into  other  forms 
In  the  mills  where  they  were  produced  being  distinctly  excluded. 

The  group  classification  and  the  number  of  commodities  entering  into  each 
is  as  follows: 

1.  Farm  Products 32  Commodities 

2.  Food,  etc 91 

3.  Clothes  &  Clothing 77 

4.  Fuel  and  Lighting 21 

5.  Metal,  etc 25 

6.  Lumber  &  Bldg.  Materials 30 

7.  Chemical  and  Drugs 18 

8.  House-Furnishing  GoodH 12 

9.  Miscellaneous 21 

Total  All  Commoditios 327 
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Bulletin  No.  360, "  Wholesale  Prices  1890  to  1919,"  published  by  the  Bureau 
of  Labor  Statistics  of  the  U.  S.  Bureau  of  Labor  gives  the  indexes,  data,  and 
description  oi  methods  in  much  detail. 

U.  S.  Federal  Reserve  Board  Index. — This  also  is  a  weighted  index,  but  as  it 
is  prepared  primarily  for  purposes  of  international  comparison,  it  relates 
chiefly  to  articles  of  foreign  trade.  It  is  based  upon  only  90  commodities  as 
ai^sdnst  327  of  the  Bureau  of  Labor  Index.  Part  of  its  figures  are  obtained 
from  the  Bureau  of  Labor  Statistics,  but  its  purpose  is  specifically  different 
from  that  of  the  Bureau's  index,  and  any  comparison  of  the  two  should  be 
with  this  fact  definitely  recognized. 

The  base  of  this  index  is  100  for  the  year  1913.  It  is  calculated  monthly. 
The  classification  of  commodities  is  as  follows — Goods  produced.  Goods 
imported.  Goods  eoported,  Raw  materials.  Producers'  Goods,  Consumers' 
Goods,  All. 

Dun*8  Review  Index. — This  index  is  based  upon  about  300  wholesale  com- 
modities divided  into  7  groups.  It  is  calculated  for  each  year  from  1860  to 
date,  and  for  each  month  since  Jan.,  1898.  In  its  preparation  wholesale  quota- 
tions on  each  commodity  are  obtained  for  the  nearest  business  day  to  the  first 
of  each  month,  and  are  separately  multiplied  by  figures  determined  upon  as 
the  estimated  annual  per  capita  consumption  of  the  commodity.  Therefore 
this  also  gives  a  truly  weighted  index. 

The  tabulation  is  on  a  different  plan  from  the  two  indexes  previously 
described^'for  instead  of  showing  100  per  cent  for  each  group  of  commodities 
and  the  total  for  the  year  1913,  it  shows  the  worth  in  dollars  of  the  estimated 
per  capita  consumption  for  the  year.  Thus  the  sum  of  the  figures  for  the  7 
groups  for  any  given  date  gives  the  total  for  that  date.  Fortunately  for 
purposes  of  the  rough  comparison  of  totals,  the  total  per  capita  consumption 
of  $116,319  estimated  for  the  year  1913  is  near  enough  to  $100  to  permit  at  a 
quick  rough  comparison  with  the  Bureau  of  Labor  Index  with  a  base  of  100% 
for  the  same  year. 

Percentage  figures  to  a  base  of  100  in  1913  are  obtainable  by  dividing  any 
total  from  Dun's  Index  by  1.16319. 

The  classification  is  as  follows:  Breadstuffs,  Meat,  Dairy  and  Garden.  Other 
food,  Clothing,  Metals,  Miscellaneous.  Total.  The  index  figures  from  1860 
are  published  in  pamphlet  form  by  Dun's  Review,  New  York.  The  number 
of  conmiodities  in  each  class  is  not  stated. 

BradstreeCe  Index. — This  is  an  unweighted  index  based  upon  the  prices 
ci  06  conmiodities  at  the  first  of  each  month.  The  index  numbers  are  the 
totals  in  dollars  and  cents  of  the  Costs  of  1  pound  of  each  of  the  96  commodi- 
ties.   The  classification  and  number  of  commwiities  used  are  as  follows: 

1.  Breadstuffs 6  commodities 

2.  Live  Stock 4 

3.  Provisions  &  Groceries 24 

4.  Fresh  and  Dried  Fruits 5 

5.  Hides  and  Leather 4 

6.  Textiles 11 

7.  Metals 13 

8.  Coal  &  Coke 4 

0.  Oils 6 

10.  Naval  Stores 3 

11.  Building  Materials 8 

12.  Chemicals  and  Drugs 11 

13.  Miscellaneous 7 

Total 106* 

*  10  articles  are  omitted  from  the  index  computation,  but  what  10  is  not  stated. 
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The  Anncdiat  Index. — This  is  an  unweighted  index  based  upon  25  diffecent 
articles  of  food  only,  mean  prices  for  each  week  being  used.  These  mean  prices 
are  converted  to  relatives  of  the  prices  at  the  period  from  1890  to  1800,  and 
simple  averages  of  the  relatives  are  then  made.  The  Annalist  is  published 
weeddy  at  New  York  City. 

Canadian  Index. — The  Department  of  Labor  of  Canada  publishes  an  index 
based  upon  271  commodities  corresponding  quite  closely  with  those  of  the 
U.  S.  Bureau  of  Labor.  This  index  is  not  weighted  like  the  Bureau's  index,  for 
it  is  stated  that  in  the  opinion  of  the  compiler  "  an  extended  list  of  artides 
tends  to  weight  itself"  if  judiciously  selected.  The  method  is  similar  to  that 
of  the  AnnaUst  but  the  calculation  covers  more  than  10  times  as  many  com- 
modities. A  quite  close  agreement  between  the  Canadian  index,  and  the  U. 
S.  Bureau  of  Labor  index  indicates  that  there  is  some  justification  for  the  con- 
tention of  the  Canadian  compiler  as  to  weighting. 

Table  XXI  gives  wholesale  price  indexes  compiled  by  U.  S.  Dept.  of  Labor, 
from  1913  to  Jan.,  1922.     Averages  for  preceding  years  are  given  in  Table  I. 


Table  XXI. — Index  Numbers  op  Wholesale  Prices  1913  to  June,  1021, 

BY  Groups  op  Commodities 
(1913  =  100) 
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1913 100  100  100  100  100  100  100  100  100  100 

Jan 97  99  100  103  107  100  101  100  100  100 

April 97  96  100  98  102  101  101  100  98  98 

July 101  102  100  99  98  101  99  100  101  100 

Oct 103  102  100  100  99  98  100  100  100  101 

1914 103  103  98  96  87  97  101  99  99  100 

Jan 101  102  98  99  92  98  100  99  99  100 

April 103  95  99  98  91  99  100  99  101  98 

July 104  104  99  95  85  97  99  99  97  100 

Oct 103  107  97  93  83  96  105  99  96  99 

1915 105  104  100  93  97  94  114  99  99  101 

Jan 102  106  96  93  83  94  103  99  100  99 

April 107  105  99  89  91  94  102  99  99  100 

July 108  104  99  90  102  93  108  99  98  101 

Oct 105  103  103  96  100  93  124  99  99  101 

1916 122  126  128  119  148  101  159  116  120  124 

Jan 108  113  110  105  126  99  150  105  107  110 

April 114  117  119  108  147  101  172  108  110  117 

July 118  121  126  108  145  99  156  121  120  119 

Oct 136  140  138  133  151  101  150  124  132  134 

1917 189  176  181  175  208  124  198  144  155  176 

Jan 148  150  161  176  183  106  159  132  138  151 

April 181  182  169  184  208  114  170  189  149  172 

July 199  181  187  192  257  132  198  152  153  186 

Oct 208  183  193  146  182  114  252  162  163  181 

1918 220  189  239  163  181  151  221  196  193  196 

Jan 207  187  211  157  174  136  232  161  178  185 

April 217  178  232  157  177  146  229  172  191  190 

July 224  184  249  166  184  154  216  199  190  198 

Oct 224  201  257  167  187  158  218  226  196  204 
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TABI.B  XXI. ^INDIX  NUMBBBB  of  WHOLKBAZiX  PbiCIS  1013  TO  JUNB,    1931,  BT 

Gboups  of  Commoditixs — Continiied 
(1913-100) 

VI 

If             L  1  li  Mli  i|  l|  b-  1 .  If 

1919 284  210  261  173  161  192  179  236  217  212 

Jan 222  207  234  170  172  161  191  218  212  203 

Feb 218  196  228  169  168  163  185  218  208  197 

March 228  203  216  168  162  165  183  218  217  201 

April 285  211  217  167  152  162  178  217  216  203 

M»y 240  214  228  167  152  164  179  217  213  207 

June 281  204  268  170  154  175  174  233  212  207 

July 246  216  282  171  158  186  171  245  221  218 

Aug 243  227  304  175  165  208  172  259  225  226 

Sept 226  211  306  181  160  227  173  262  217  220 

Oct 280  211  313  181  161  231  174  264  220  223 

Nov 240  219  325  179  164  236  176  299  220  230 

Dec 244  234  335  181  169  253  179  303  229  288 

1920 218  236  302  288  186  808  210  366  236  243 

Jan 246  253  350  184  177  268  189  324  227  248 

Feb 237  244  356  187  189  300  197  329  227  249 

March 239  246  356  192  192  324  205  829  230  253 

April 246  270  353  213  195  341  212  321  238  265 

May 244  287  347  235  193  341  215  329  246  272 

June 243  279  335  246  190  337  218  362  247  209 

July 236  268  317  252  191  333  217  362  243  262 

Aug 222  235  290  268  193  328  216  363  240  250 

Sept 210  222  273  284  192  318  222  371  239  242 

Oct 182  204  257  282  184  313  216  371  229  225 

Nov 165  195  234  258  170  274  207  369  220  207 

Dec 144  172  220  236  157  266  188  346  205  189 

1921: 

Jan 136  162  208  228  152  239  182  283  190  177 

Feb 129  150  198  218  146  222  178  277  180  167 

March 125  150  192  207  139  208  171  275  167  162 

April 115  141  186  199  138  203  168  274  154  154 

Nlay 117  133  181  194  138  202  166  262  151  161 

June 113  132  180  187  132  202  166  250  150  148 

July 116  134  179  184  126  200  163  236  149  148 

Aug 118  162  179  182  120  198  161  280  147  162 

Sept 122  146  187  178  120  193  162  223  146  162 

Oct 119  142  190  182  121  192  162  218  146  160 

Nov 114  142  186  186  119  197  162  218  145  149 

Dec 113  139  185  187  119  203  161  218  148  149 


Tablb  XXII. — Wholesale  Pricb  Indbxes  of  Building  Matekialb  and 

Metals 
(The  averages  for  the  year  1913  being  taken  at  100  per  cent) 

All  Building  Metals  and 

Year                   commodities  materials  metal  products 

1840 89  64  166 

1845 83  59  147 

1860 83  56  164 

1856 96  67  157 

1860 90  66  134 

61 86  63  133 

62 93  87  166 

63 110  103  189 

64 136  129  266 

66 172  106  298 

66.. 144  109  .269 
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TaBLB    XXII. WHOliBBALB    PRICB    InDBXBB    OP     BtHLDZNO    MATBRlAIiS    AMD 

M  >T  AL8 — Contintied 

(The  averages  for  the  year  1913  being  taken  at  100  per  cent) 

All  Building  Metals  and 

Year                                              commodities  materials  metal  products 

67 131  104  240 

68 136  101  224 

69 122  97  212 

1870 117  86  186 

71 112  88  177 

72 110  87  196 

73 108  100  200 

74 109  90  184 

76 108  84  176 

76 1...              104  80  158 

77 99  73  141 

78 93  68  126 

79 87  67  121 

1880 93  76  141 

81 95  76  130 

82 96  80  133 

83 94  78  126 

84 92  75  111 

85 86  74  107 

86 86  75  105 

87 87  74  105 

88 88  73  107 

89 89  72  105       . 

1890 84  72  110 

91 83  70  101 

92 78  67  04 

93 78  68  85 

94 71  66  72 

95 70  65  78 

96 67  63  '       81 

07 67  62  72 

98 69  65  72 

99 75  71  109 

1900 82  76  106 

01 80  78  98 

02 83  77  78 

03 84  80  97 

04 83  81  89 

05 86  85  98 

06 91  94  107 

07 96  97  121 

08 91  92  94 

09 94  97  03 

1910 97  101  94 

11 95  101  00 

12 99  99  100 

13 100  100  100 

14 99  97  88 

15 100  94  97 

16 123  101  149 

17 175  124  208 

18 196  150  180 

19 212  194  161 

Foot  Note. — The  index  prices  for  1840  to  1889  are  from  the  Senate  Report 
No.  1394  on  "Wholesale  Prices,"  by  Nelson  W.  Aldrich,  Mar.  3,  1893.     Those 

for  "all  commodities"  (223  in  number)  are  "weighted"  in  proportion  to  family 

budget  expenses;  but  those  for  "building  materials"  and  for  "metals  and  metfu 
products  are  unweighted  or  simple  averages,  and  therefore  not  so  reliable,  down 
to  1889. 

The  index  prices  from  1890  to  1919  are  all  "  weighted"  in  pr(n>ortion  to  annua) 

consumption  and  are  compiled  by  the  U.  S.  Bureau  of  Labor.  See  Tables  XXIII 
and  XXl\. 
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TABXiB  XXIII.  — Qbottp  5,  MxTALS  AND  Mbtal  Pboducts,  Quantitibs  and 

Wholxsalb  Values  in  1919 

Unit  Quantity  Value 

(OOe  omitted)  (000  omitted) 
Bar  Iron: 

Best  refined.  Phila lb.  1 .083 .  265         $       41 .381 

Common,  from  mill.  Pitts lb.  1 .  083 .  265  36 ,  614 

Ckmper: 

Ingot,  electrolytic lbs.  1 ,  312 ,  438  250 .  807 

Wire.  bare.  No.  8 lb.  278.964  61 ,930 

Iron  Ore,  Mesabi,  Bessemer Long  ton  52,310  327,539 

Lead,  pig,  desilverised lb.  732 , 1 53  42 ,  318 

Lead  pipe 100  1b.  1,058  7,688 

Nails,  wire keg  13,916  48.961 

Pig  Iron: 

Basio  Long  ton  1.742  48,248 

Bessemer do.  1,168  36,362 

Foundry : 

No.  2  northern Long  ton  2,557  77,512 

No.  2  southern do.  2,557  82,271 

Pipe,  cast  iron,  6  in Ton  1,146  65,896 

Silver,  bar.  fine Ounce  151,969  170,936 

Steel: 

BiUets.  Bessemer Long  ton  4.972  201 .557 

Plates,  tank  H  in.  wide lb.  5,256,756  142,458 

Rails,  standard — 

Bessemer Ton  1.767  83,516 

Open-hearth Ton  1 ,257  61 .925 

Structural lb.  4.996,876  139,413 

Tin: 

Pig lb.  94,248  61,742 

Plate,  coke 100  1b.  12.968  91,736 

Wire: 

Barbed,  galvanized 100  1b.  6.471  28.907 

Plain  annealed  Nos.  0  to  9 .  . .  do.  9 .  580  29 ,  827 
Zinc: 

Sheet 100  1b.  576  5,666 

Spelter  (pig  sine)  western lb.  464,903  34,403 

Total $2. 179,612 

This  table  compiled  from  Bulletin  No.  269.  U.  S.  Bureau  of  Labor  Statistics. 

Tablb  XXIV. — Gboup  6,  Lumber  and   Building   Materials.   Quantities 

AND  Wholesale  Values  in  1919 

Quantity  Value 

Unit  (000  omitted)     (000  omitted) 

Brick,  common:  Chicago  run  of 

kiln  salmon 1,000  3,264             .$       29,202 

Cincinnati,  red,  building 1 ,  000  3 ,  264  44 .  336 

New  York,  red,  building 1,000  3.264  52,088 

Cement,  Portland,  Domestic .. .  bbl.  65.435  207,115 
Glass: 
Plate,  polished,  glazing — 

3  to  6  sq.  ft sq.ft.  24,861  11,498 

50  to  10  sq.  ft sq.ft.  24.861  14.482 

Window,     American,    single, 
25  inch: 

A 50  sq.ft.  3,461  24,951 

B 50  sq.ft.  3,461  23.439 

Lath,  eastern  spruce,  1 H  in.  slab  1 .  000  4 ,  388  28 ,  293 

lime,  common bbl.  23.278  62.224 

Lumber: 
Douglas  fijr — 

No.  1 1.000  ft.  3.642  92.568 

No.  2  and  better do.  1.214  48.155 

Hemlock do.  3.Q51  121.277 

Maple do.  1.107  76.014 

OiS^  White— 

Plain 1,000ft.  1,471  150,226 

Qoartered do.  2,943  461,683 
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Tablb  XXIV. — Group  6,  Lumbbb  and  Building  Matbbials,  QtrAMmnB 

AND  Wholesale  Values  in  1919 — Continti^  ^- 

Quantity  Value 

Unit            (000  omitted)  (000  omitted) 
Pine — 

White,  boards,  No.  a  barn .              do.                      3,510  223,909 

White,  boards  uppers do.                         39.0  54,827 

Yellow,  flooring do.                    10.173  801.971 

Yellow,  siding do.                       6, 104  332,688 

Poplar,  yellow do.                           850  04.490 

Spruce,  eastern do.                        1 ,  749  79 ,  798 

Paint  Materials: 
Lead,    carbonate    of    (white 

lead) lb.                     247.237  32.437 

Linseed  oil.  raw gal.                    102,528  181 .352 

Turpentine,  spirits  of do.                       29,765  86,022 

Zinc,  oxide  of  (sine,  white). . .             lb.                     143.550  12.532 

Putty do.                       63.502  2.959 

Rosin,   common    to  good. 

strained bbl.                        3.673  55.831 

Shingles,  16  in.  long: 

Cypress 1,000                     1,387  8,375 

Red  Cedar 1,000                  12.005  53,882 

Total $3,418,604 

This  table  compiled  from  Bulletin  No.  269,  O.  S.  Bureau  of  Labor  Statistics. 


Table  XXV. — Relative  Importance  of  Wholesale  Commoditubs 

1909 1919 

Millions  Per  Cent       Millions  Per  Cent 

1  Farm  Products $4,056  27.58         $9,891  28.14 

2  Food 3,876  26.34             8.592  24.45 

3  Cloths  &  Clothing 1 ,  648  11.  23             5.014  14.  26 

4  Fuel  &  Lighting 1 ,518  10. 32             3.057  8.  70 

5  Metals 834  5.67             2.180  6.20 

6  Building  Materials 1.685  11.47             3,419  9.73 

7  Chemicals 184  1. 24                 398  1. 13 

8  Furniture 65  0. 42                 184  0. 61 

9  Miscellaneous 844  5. 72            2,414  6. 87 

Total $14,710  100.00         $35,149  100.00 

From  Bulletin  No.  269,  U.  S.  Bureau  of  Labor  Statistics. 


Average  Wholesale  Prices  of  Important  Commodities,  Used  in  Construc- 
tion, 1890  to  1930. — Tables  XXVI  and  XXVII  are  prepared  from  data  givea 
in  Bulletin  No.  269  of  the  Bureau  of  Labor  Statistics,  U.  S.  Department  of 
labor  and  from  further  information  obtained  from  the  Bureau,  by  letter. 

As  stated  in  Bulletin  No.  269,  the  average  prices  shown  in  the  tables  are,  in 
all  instances  where  this  information  could  be  obtained,  based  on  first-hand 
transactions  in  primary  markets.  Thus  the  pig-iron  prices  are  those  to 
foundry  operators  and  large  steel  makers.  Steel  prices  are  to  jobbers  or 
large  manufacturing  consumers. 

In  collecting  prices  for  inclusion  in  these  tables  the  aim  was  to  secure  quota- 
tions on  those  particular  grades  or  qualities  of  an  article  that  represent  the 
bulk  of  sales  within  the  class. 

It  is  obvious  that  in  order  to  arrive  at  a  strictly  scientific  average  price  for 
any  period  one  must  know  the  precise  quantity  marketed  and  the  price  at 
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which  each  unit  of  the  quantity  was  sold.  It  is  manifestly  impossible  to 
obtain  euch  detaU,  and  even  if  it  were  possible  the  labor  and  cost  involved  in 
such  a  compilation  would  be  prohibitive.  The  method  adopted  here,  which 
is  the  one  usually  employed  in  computing  average  prices,  is  believed  to  yield 
results  quite  satisfactory  for  all  practical  purposes. 

In  computing  the  averages  shown  in  the  tables  the  net  cash  price  was  used 
for  all  JEirticles  subject  to  large  and  varying  discounts.  In  the  cases  of  a  few 
articles,  such  as  steel  plates,  steel  sheets,  etc.,  the  prices  of  which  are  subject 
to  a  small  discount  for  cash  within  10  days,  ifo  deduction  has  been  made. 

The  name  of  city  where  price  quotations  were  secured  is  ?iven  in  every  case. 


Table  XXVI. — Avbragk  Pbicb  of  Metals  and  Metal  Products 


Year 


1891 
1892. 
1893. 
1894. 

1895. 
1896. 
1897. 
1898. 
1899. 

1900 
1901 
1902 
1903 
1904 

1905 

1906. 

1907. 

1908. 

1909. 


1910 

1911. 

1912 

1913. 

1914. 

1915 

1916 

1917. 

1918. 

1919. 

1920. 


-Bar  iron— 

Copper: 

ingot 

Best  re-     From  mill  (Pittsburgh  — 

- 

fined,  from 

market) 

(New 

York) 

store 

(Phila- 
delphia 

Best 

Electro- 

maricet) 

refined, 

Common, 

Lalce, 

lytic, 

per  pound 

per  pound . 

per  pound 

per  pound 

per  pound 

$0,021 

$0,018 

$0. 158 

.019 

.017 

.131 

.018 

.016 

.115 

.017 

.015 

.109 

.013 

.012 

.095 

.014 

.013 

.108 

.014 

.012 

.110 

.013 

.011 

•    ••••■ 

.113 

.013 

.011 

.119 

.021 

.020 

.177 

.020 

.022 

.166 

.018 

.018 

.169 

.021 

.019 

.120 

.020 

.018 

.137 

.017 

.015 

.131 

.019 

.019 

$0,017 

• 

.158 

.020 

.017 

.196 

•   •  ■   •  •   • 

.021 

•   ••••• 

.018 

.213 

$0,208 

.017 

.015 

.133 

.018 

.015 

.131 

.019 

.016 

.129 

.016 

.013 

.125 

.018 

.014 

•   ■•••• 

.164 

.019 

.017 

.157 

.016 

.013 

.134 

.017 

.013 

.173 

.032 

.026 

.275 

.047 

.041 

.294 

.048 

.038 

.247 

.038 

.034 

.191 

.048 

.044 

.180 
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Tabls  XXVI. — Continued 


-Copper- 


Lead:  pis       Lead  pipe 


Wire:  bare,    (New  York)    (New  York) 


Year 


Sheet:  hot 

rolled 
(base  sizes) 

(New  York)    (f.o.b.  mill)  per 

per  pound      per  pound      per  pound      100  pounda 


1800 $0,228  $0,188  $0,044  $5,400 

1891 190  .165  .044  5.600 

1892...' 160  .144  .041  5.183 

1893 riSO  .135  .037  5.000 

1894 143  .116  .033  4.433 

1865 143  .124  .033  4.200 

1896 143  .106  .030  4.100 

1897 146  .138  .036  4.317 

1898 140  .138  .038  4.000 

1899 .218  .183  ,045  5.350 

1900 207  .180  .045  5.121 

1901 209  .182  .044  5.048 

1902 178  .133  .041  5.217 

1903 192  .150  .043  5.196 

1904 .180  .144  .044  4.795 

1905 199  .170  .048  5.225 

1906 238  .211  .059  6.421 

1907 279  .240  .055  6.705 

1908 179  .162  .042  4.740 

1909 179  .148  .043  4.821 

1910 180  1.44  .045  5.061 

1911 166  .139  .045  5.028 

1912 213  .175  .044  6.201 

1913 212  .167  .044  6.082 

1914 188  .147  .039  4.628 

1915 225  1.185  .046  6.301 

1916 359  .305  .068  7.598 

1917 391  .359  .091  10.068 

1918 338  .276  .074  8.887 

1919 285  .222  .058  7.266 

1920 284  .219  .081  9.782 


• Pig  ironr 

Foundry, 

Bessemer  No.  2, 
northern 

(Pittsburgh)  (Pittsburgh) 

per  per 

Year              long  ton  lont  ton 

1890 $18,873  $17,150 

1891 15.590  15.396 

1892 14.367  13.773 

1893 12.869  12.440 

1894 11.378  10.846 

1895 12.717  11.675 

1896 12.140  11.771 

1897 10.126  10.100 

1898 10.332  10.027 

1899 19.033  17.350 

1900 19.493  18.506 

1901 15.935  14.719 

1902 20.674  21.240 

1903 18.976  19.142 

1904 13.756  13.625 


(Cincinnati) 

Gray  forge,  Foundry 

southern,  No.  2 

coke,  southern, 

per  per 

long  ton  long  ton 

$14,500  

12.517  

11.792  

10.635  

8.938  

10.323  

9.604  

o . oU^  

8.719  

15.063  

15.604  

12. 552  

17. 604  

16. 229  

11.677  


Steel 

Billets: 

Bessemer 

(Pittsburgh} 

per 

long  ton 

$30,468 
25.320 
23.631 
20.436 
16.678 

18.484 
18.833 
15.080 
15.306 

31r.ll7 

25.068 
24. 131 
30.509 
27.012 
22.179 
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Table  XXVI. — Continued 
-Pig  iron 


Steel 


Bessemer 

(Pittsburgh) 
per 
Year  long  ton 

1905 $16,359 

1906 19.544 

1907 22.842 

1908 17.070 

1909 17.408 

1910 17.193 

1911 15.713 

1912 15.938 

1913 17.133 

1914 14.889 

1915 15.783 

1916 23.888 

1917 43.608 

1918 36.663 

1919 31.132 

1920 44.459 


Foundry,       (Cincinnati) 

No.  2,  Gray  forge,  Foundry  Billets: 

northern  southern.  No.  2  Bessemer 

(Pittsburgh)  coke,  southern,  (Pittsburgh) 

per  per  per  per 

long  ton  long  ton  long  ton  long  ton 

S16.410  S14.490  S24.028 

19.267  16.531  27.448 

23.869  20.988  29.253 

16.250  14.375  26.313 

16.410  14.938  24.616 

15.983  14.573  25.380 

14.519  12.833  21.468 

15.088  14.240  22.378 

16.008  14.098  S14.903  25.789 

13. 903  13. 390  20. 078 

14.873  13.576  22.441 

21.065  18.671  43.946 

41.392  38.808  69.856 

34.460  36.526  47.274 

30. 314  32. 175  40. 539 

44.902  44.508  56.260 


-Steel- 


Year 

1890. . . 
1891... 
1892... 
1893... 
1894... 

1895. . . 
1896. . . 
1897... 
1898... 
1899... 

1900... 
1901... 
1902. . . 
1903... 
1904.. 

1905... 
1906... 
1907... 
1908... 
1909... 

1910. . . 
1911... 
1912. . . 
1913... 
1914... 

1916. . . 
1916. . . 
1917... 
1918... 
1919... 
1930... 


Rails:  Rails:  Sheets:  box  Tin 

Bessemer      open  hearth   annealed,  No.  27  Structural  Pigs 

(Pittsburgh)   (Pittsburgh)      (Pittsburgh)       (Chicago)  (New  York) 

per  pound 


per  long  ton   per  long  ton 

$31,779 
29.917 
30.000 
28.125 
24.000 


24.333 
28.000 
18.750 
17.625 
28.125 


32.288 
27.333 
28.000 
28.000 
28.000 

28.000 
28.000 
28.000 
28.000 
28.000 

28.099 
28.000 
28.000 
28.000 
28.000 

28.000 
31.333 
38.000 
64.000 
47.264 
51.827 


$30,000 
30.000 

30.000 
33.333 
40.000 
56.000 
49.264 
53.827 


$0,024 

.024 
.022 
.020 
.019 
.027 

.029 
.032 
.029 
.026 
.021 

.022 
.024 
.025 
.024 
.022 

.023 
.020 
.020 
.022 
.019 

.019 
.030 
.065 
.049 
.044 
.053 


per  pound    per  pound 

$0,212 

.203 

.204 

.200 

.181 


.141 
.133 
.136 
.155 
.272 


$0,016 
.013 

.015 
.028 
.043 
.032 
.028 
.032 


.031 
.262 
.265 
.282 
.280 

.313 
.392 
.388 
.294 
.296 

.342 
.427 
.463 
.494 
.351 

.376 
.433 
.594 
.852 
.655 
.603 


I 
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Tablb  XXyi.-^orUinued 

Tin Wire:  fence 

-Plate:  domestic: Barbed: 

galvanised 


Year 

1890... 
1891 . . . 
1892... 
1893... 
1894... 

1896... 
1896. . . 
1897... 
1898... 
1899... 

1900... 

1901... 

1902.. 

1903... 

1904... 

1905... 
1906... 
1907... 
1908... 
1909... 

1910.. 
1911.. 
1912.. 
1913.. 
1914... 

1915. . . 

1916.. 

1917.. 

1918... 

1919... 

1920.. 


Coke  at 

New  York 

per  100 

pounds 


$3,435 
3.182 
2.850 
4.191 

4.678 
4.190 
4.123 
3.940 
3.603 

3.707 

3.861 

4.090 

3.890. 

3.737 

3.840 
3.865 
3.657 


Coke,  f.o.b. 

Pittsburgh 
per  100 
pounds 


$3,456 
3.558 
3.369 

3.242 
5.057 
8.864 
7.727 
7.074 
7.558 


F.o.b. 
Chicago, 
per  100 
pounds 

$3,567 
3.219 
2.766 
2.519 
2.175 


2 
1 
1 
1 
3 


246 
963 
800 
838 
170 


3. 
3. 


394 
38 
2.954 
2.738 
2.508 


2.383 
2.428 
2.634 
2.022 
2.359 


133 
180 
134 
309 
152 

535 
515 
527 
594 
467 
4.724 


2 
2 
2 
2 
2 

2 
3 
4 
4 
4 


Sheet 

(La  Salle, 

111.) 


-Zino- 


Spelter 

(pig) 
(New 
York) 


per  100 

pounds    per  pound 


$  6.054 
5.719 
5.490 
4.994 
3.950 

4.522 
4.940 
4.940 
5.498 
7.004 

6.095 
5.558 
5.731 
6.018 
5.609 

6.285 
7.173 
7.486 
6.440 
6.643 

7.019 
7.048 
7.924 
7.245 
6.919 

16.158 
18.783 
18.093 
14.238 
9.837 
11.338 


$0,055 
..51 
.047 
.041 
.036 

.036 
.040 
.042 
045 
.059 

.044 
.041 
.049 
.056 
.052 

.059 
.062 
.062 
.048 
.055 

.056 
.058 
.071 
.058 
.053 

.144 
.140 
.093 
.083 
.074 
.081 


Table    XXVII. — Average    Price    of   Lumber    and    Building    Matbbials 


Year 

1890 

1891 

1892 

1893 

1894 

1896 

1896 

1897.  .: 

1898 

1899 


Bnck:  common 

Salmon:          Red:            Red: 
un  of  klin.    (Cincin-     domestic 
(Chicago)        nati)            (New 

-       York) 

Cen 

Portland: 

(New 

lent 

domestic 

per  M          per  M 

per  M 

Series  1, 
per  barrel 

Series  2, 
per  barrel 

$6.  563 
5.708 
5.771 
5.  833 
r>.  000 

5.313 
5.063 
4.938 
5.  750 
5.688 

$1,961) 
2.000 
1.967 
1.998 
2.048 

i;; 
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Tablb  XXYIl.— Continued 


ear 

Bri 

Salmon: 
run  of  kiln 
(Chioaxo) 

per  M 

ck:  common 

Red:            Red: 
(Cincin-     domestic 
nath            (New 
York) 

per  M          per  M 

$5. 260 

5. 766 

5.386 

5.906 

7.495 

8. 104 

8.547 

6.156 

5.104 

6.385 

5. 719 
5.891 

6. 760 

S7.000           6.563 
6.  750           5.  531 

6. 250           6. 052 

6. 750           8. 035 

8.438           8.885 

12.938         11.927 

13.583         15.958 

17.467         21.864 

Cer 

Portland 

(New 

Seriofi  1 . 
per  barrel 

$2,158 
1.890 
1.960 
2.029 
1.460 
1.427 
1.575 
1.646 
1.460 
1.412 

1.448 
1.461 
1.315 
1.580 
1.580 

1.453 

aent 

:  domestic 

Yord) 

Herie8  2 
per  barrel 



•   •■••• 

•    ••*•• 

14.938 
.    .       4.872 

•   >*•*» 

4. 780 

$1,434 

...       4.783 

1.680 

...       4.947 

2.004 

...       7. 449 

2.647 

8. 947 

3. 166 

.        11.441 

4.377 

-Glam:  platc- 


vjinBH.  piavc 

Polished,  area  3  to    Poliahcd,  area  5  to 
5  sg.  ft.  10  sq.  ft. 

(New  York)  (New  York) 


Un- 

Un- 

■ihrered. 

Glasing. 

rilvered. 

Glasins, 

Per 

per 

per 

per 

•quare 

Miuare 

square 

square 
foot 

foot 

foot 

foot 

to.  530 

$0,700 

•    -...■ 

.520 

.090 

.420 

.550 



.420 

.5,50 

.330 

.450 

.300 

.480 

.340 

.540 

.200 

.320 

.270 

.430 

.300 

.480 

.340 

.540 

.320 

.490 

.258 

.411 

.363 

.431 

.228 

.365 

341 


10. 198  . 373       10. 305 

.227       330 

.280       340 

.173       275 

,202      2S2 


Glass:  window 

American.  American, 

single.  25-in..  single.  B, 

6  by  8  to  10  26-in..  6 

by  15  in.  by  8  to  10 

(New  York)  by  15  in. 

(New 

AA.          A.  York) 
per  50    per  .'H)    per  60  sq. 

sq.  ft.     sq.  ft.  ft. 

12.228 $1,786 

2.213 1.770 

1.994 1.695 

2.138 1.710 

1.992 1.638 

1.599 1.392 

1 .  802 1 .  600 

2.199 1.963 

2.  643 2. 343 

2.  708 2.  399 

2.099 2.319 

4.128 3.282 

3.  219     2.  566 

2.640 2.160 

2. 887     2. 328 

2. 764 2. 137 

2.920 2.266 

2.813     2.242 

2.^eO 1.881 

2.320     1.84^ 
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Table  XXWIl.— Continued 


Polished, 

Glass: 

area  3  to 

plate 

Polished, 

area  5  to 

Glass:  window-; 

American,      American. 

5  sc 

I.  ft. 

10  sc 

l.ft. 

single,  25-in., 

single.  B. 

(New  York) 

(New  York) 

6  by  8  to  10 

25-in  .  6 

by  15  in. 

by  8  to  10 

(New  York) 

by  15-in. 

Un- 

Un- 

(New 

silvered, 

Glasing 

silvered, 

Glasing, 

York) 

per 

per 

per 

per 

AA.       A. 

Year 

sauare 
foot 

square 
foot 

square 
foot 

square 

per  50  per  50 

per  50sq. 

foot 

sq.ft.    sq.  ft. 

ft 

1910.. 

■   •••           •••••• 

$0,249 

$0,348 

$2,930     .... 

$2,338 

1911.. 

.225 

.316 

2.253 

1.796 

1912.. 

.217 

.297 

2.240 

1.786 

1913  . 



.237 

.318 

2.720  $2,274 

2.221 

1914.. 



.211 

.291 

2. 274 

2.168 

1915.. 

.187 

.253 

2. 550 

2.423 

1916.. 



.292 

.338 

3.150 

2.49A 

1917.. 



.340 

.393 

4. 123 

3.325 

1918.. 

.361 

.453 

6. 322 

5.689 

1919.. 

.463 



.583 

7. 209 

6.772 

1920.. 



.745 

.809 

6.900 

6.666 

Lath: 
eastern 

Lime:  c 

(New 

York) 

-  Douglas  fir:  Douglas  fir. 

spruce, 

No.  1, 

No.  2. 

If^-inch 

common      and  better. 

slab 

drop  siding 
(F.o.b.  mill  Wash.  State^ 

(New 

York) 

Rockport, 

Eastern, 

Year 

per  M 

per  barrel 

per  barrel    per  M  feet 

per  M  feet 

1890.. 

$0. 979 

1891 . . 

.913. 

1892.. 

.929 

1893.. 

.929 

1894.. 

.848 

1895.. 

.781 

1896.. 

.694 

1897.. 

.719 

1898.. 

.742 

•   •   •       •   •   • 

1899.. 

.798 

1900.. 

.683 

•   •   •   •   •   ■ 

1901 . . 

.774 

•      •      a      •      •              • 

1902.. 

.806 

1903.. 

.788 

•    •■••,«• 

1904.. 

.825 

1905.. 

.891 

1906.. 

.947 

1907.. 

.949 

1908.. 

1.045 

1909.. 

»■ 

1.045 

1910.. 

1.045 

1911.. 

1.108 

1912.. 

1.085 

1913.  . 

i4.284 

1.078 

$9,208 

$17,333 

1914.. 

3.904 

1.023 

7.917 

14.292 

1915.. 

3.839 

1.167 

$1,240 

7.875 

14.292 

1916.. 

4.221 

1 .  405 

10. 375 

18.683 

1917.. 

4.938 

1.760 

15.  876 

23.  917 

1918.. 

5.000 

2.309 

18.250 

28.000 

1919.. 

6.448 

•    ••••• 

2.673 

25.417 

39.667 

1920.. 

14.354 

4.322 

29.917 

64.750 
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Table  XXVII. — Continued 
Lumber  (New  York)- 


Maple: 

Hemlock  hard 

per  per 

Year  M  feet  M  feet 

1890 $12,583  S  26.500 

1891 12.458  26.500 

1892 12.292  26.500 

1893 12.000  26.500 

1894 11.708  26.500 

1895 11.146  26.500 

1896 11.167  26.500 

1897 11.000  26.500 

1898 11.750  26.500 

1899 13.521  26.542 

1900 16.500  27.500 

1901 15. 000  26.  708 

1902 15.833  28.583 

1903 16.792  31.667 

1904 17.000  31.000 

1905 17.875  30.500 

1906 21.896  31.000 

1907 22.250  32.250 

1908 20.875  31.625 

1909 20.583  31.000 

1910 20.625  31.800 

1911 20.682  34.318 

1912 21.455  36.455 

1913 24.227  36.364 

1914 24.396  38.500 

1915 21.591  38.500 

1916 23.542  40.583 

1917 27.708  49.708 

1918 33.929  60.125 

1919 39.750  68.667 

1920 56.667  143.750 


Oak: 

white, 

plain 
per 

M  feet 
$  37. 875 
38.000 
38. 458 
38.750 
37.250 

36. 250 
36.250 
36. 250 
36.250 
38. 958 

40.833 
36. 771 
40.  875 
44.833 
•  46.500 

47.  333 
50.417 
55.208 
49.292 
48.417 

54.250 
54.682 
56.227 
60.591 
60.042 

57. 682 
61.333 
66.292 
75. 625 
102. 125 
204.667 


Pine:  white,  boards 

Oak:      No.  2  barn 

white,     Buffalo  New  York 

quartered     market,  liiarket, 
per             per  per 

M  feet       M  feet  M  feet 

S  51.458  $16,792  

53. 583     17. 000  

53.000     17.146  

53.000     18.625  

51.125     18.167  

53. 250     17. 250       

54.500     16.500  

53. 833     15. 833  

52. 500     15. 500  

60.521     18.292  

64.458     21.500  

59.  167     20. 875  

63.083     23.500  

74.792     24.000  

80. 750     23. 000  

80.250     24.167        

79.167     29.750  $33,250 

80.000  37.417 

80.  167 36.375 

84.  333 37. 104 

87.450  38.052 

87. 182  38. 376 

86.500  37.227 

88.318   36.864 

88.333  37.500 

86.500  37.500 

86.  500 37.  500 

90.000 49.  125 

104.271   60.417 

156. 875 63.  792 

296. 250  


-Lumber  (New  York)- 


-Lumber- 


Pine:  white,  boards,  uppers. 

Pine: 
Buffalo         New         yellow, 
market,       York        flooring 
market 


Year 


per 
\1  feet 


per 
Nl  feet 


per 
M  feet 


Pine:  yellow,  siding 
(New 

York)     (Norfolk 
market)    Va.,  mar- 
per       ket)  per 
M  feet      M  feet 


1890 $44,083 

1891 45.000 

1892 46.142 

1893 48.500 

1894 46.417 


$20,750 
19. 958 
18.500 
18.500 
18.500 


1895 46.000 16.917 

1896 46.  626 16. 417 

1897 46.  333 16.  438 

1898 46.  083 18.  625 

1899 50.458 20.042 

1900 67.500 20.708 

1901 60.417 19.667 

1902 74.833 21.000 

1903 80.000 21.000 

1904 81.000 21.417 


Poplar      Spruce 


(New 
York) 
per 
M  feet 

$30,500 
30.500 
30.604 
33. 625 
31.750 

31.000 
31.000 
30.  667 
30.000 
34.021 

37. 688 
36. 708 
42.  104 
49.646 
50. 329 


(New 
York) 
per 
M  feet 

$16,292 
14.218 
14.854 
13.771 
12.  708 

14.250 
14.250 
14.000 
13. 750 
15.396 

17. 375 
18.000 
19.250 
19.188 
20.500 
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Table  XXYlI.^Continued 

Lumber  (New  York) Lumber 

Pine:  white,  boards,  uppers. 

Pine:     Pine,  yellow,  siding    Poplar 


Year 

1905. 

1906. 

1907. 

1908 

1909 


Buffalo        New        yellow,       (New 
market,      York        flooring        York)  (Norfolk 
market  market    Va.,  mar- 

ket) per 
M  feet 


per 
M  feet 


per     per  per 

M  feet   M  feet  M  feet 

$82.000 $24,917 

84. 750  $  88. 250 29.333 

97.083 30.500 

96.083  $  43.917  30.500 

93.042  45.833  33.042 


1910 98.800 

1911 100.500 

1912 101.046 

1913 103.500 

1914 103.500 

1915 103.500 

1916 103.500 

1917 112.500 

1918 130.792 

1919 140.583 

1920 


46.300 
46.546 
44.546 
44. 591 
42.750 


30.800 
30.591 
33. 136 
32. 136 
29.625 


39.591     28.182  

39.375     31.818  $26,917 

50.909 36.208 

60.750 42.917 

78. 833     54. 500 

145.417  96.760 


(New 
York) 
per 
M  feet 
$48,208 
50.958 
58.083 
58.292 
57. 625 

61.500 
61.591 
61.500 
61.727 
60.667 

58.909 
60.292 
63.458 
84.708 
110.000 
195. 636 


Spruce 

(New 

York) 

per 

Mieet 

$21,417 

25.542 

24.000 

20.702 

25.260 

24.600 
24.273 
26.065 
27.864 
27.417 

27.000 
28.260 
36.000 
39.625 
46.  625 


Lead,  car- 
bonate of 
(white  lead): 
American, 

in  oil 
(New  York) 
Year  per  pound 

1890 $0,064 

1891 065 

1892 066 

1893 061 

1894 052 

1895 053 

1896 052 

1897 054 

1898 054 

1899 057 

1900 063 

1901 058 

1902 054 

1903 062 

1904 059 

1905 063 

1906 069 

1907 070 

1908 065 

1909 064 

1910 069 

1911 071 

1912 068 

1913 068 

1914 068 

1915 070 

1916 .093 

1917 112 

1918 127 

1919 131 

1920 152 


-Paint  materials- 


Linseed  oil,     Turpentine,    Zinc,  oxide  of 


raw 

spirits  of 

(zinc  white) 

[New  York)  (New  York) 

(New  York) 

per  gallon 

per  gallon 

per  pound 

$0,616 

$0,408 

$0,043 

.484 

.380 

.042 

.408 

.323 

.043 

.463 

.300 

.041 

.524 

.293 

.037 

.524 

.292 

.036 

.368 

.274 

.038 

.328 

.292 

.038 

.393 

.322 

.040 

.427 

.458 

• 

.044 

.629 

.477 

.046 

.635 

.373 

.044 

.593 

.474 

.044 

.417 

.572 

.046 

.416 

.576 

.046 

.468 

.628 

.047 

.405 

.665 

.061 

.434 

.634 

.064 

.438 

.453 

.051 

.580 

.491 

.052 

.847 

.683 

.064 

.879 

.679 

.064 

.673 

.470 

.062 

.462 

.428 

.064 

.502 

.473 

.064 

.562 

.469 

.067 

.751 

.401 

.002. 

1.107 

.488 

.100 

1.597 

.604 

.100 

1.769 

1.210 

.087 

1.459 

1.734 

.080 
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Tablx    XXYll.— Continued 


Shingles:      Shingles — 

cypress,      (Biiffalo,  N.  Y.) — 

16  inches  long 

(Wash. 
State) 

Tar 

(Wilmington, 

N.  C.) 

(New 
Orleans) 

Michigan 

White  pine, 

white  pine, 

Red  cedar 

t 

t 

18  inches 

16  inches 

1&  inches 

long. 

long, 

long, 

Year  or  month 

per  M 

per  M 

per  M 

per  M 

per  barrel 

1890 

$3,350 

$3,842 

$1,475 

1891 

3.250 

4.000 

1.583 

1892 

3. 150 

3.906 

1.300 

1893 

3.000 

3.850 

1.046 

1894 

2.800 

3.750 

1.092 

1896 

2.650 

3.700 

1.142 

1896 

2.500 

3.613 

1.013 

1897 

2.350 

3.542 

1.054 

1898 

2.500 

3.  552 

1.098 

1899 

2. 663 

3.679 

1.246 

1900 

2.850 

4.000 

•   ■•••• 

1.363 

1901 

2.850 

4.188 

$3,263 

1.282 

1902 

2.671 

3.588 

1.325, 

1903 

2.  567 

3.650 

1.679 

1904 

2.600 

3.575 

1.679 

1905 

2.  725 

3.500 

$1,688 

1.758 

1906 

3. 242 

2.213 

1.958 

1907 

4.225 

• 

2.696 

2.329 

1908 

3.538 

2.013 

1.600 

1909 

3. 267 

2.004 

1.638 

1910 

3.492 

2.008 

2.254 

1911 

3.608 

1.813 

2.125 

1912 

3.483 

1.939 

2.000 

1913 

3.542 

°^ 

1.967 

2.225 

1914 

3.  329 

1.713 

2.188 

1915 

3. 067 

1.664 

1.733 

1916 

3.446 

1.910 

2.254 

1917 

4.054 

2.818 

3.192 

1918 

5. 425 

2.794 

3.677 

1919 

6. 039 

4.488 

4.452 

1920 

8.  067 

4.723 

5.123 

Relation  of  Cast-Iron  Water  Pipe  and  Gray  Forge  Iron  Prices. — Figs.  5  and 
6,  given  in  the  Annual  Review  Section  of  Iron  Age,  published  Jan.  6,  1921, 
;     show  clearly  the  fluctuations  in  the  prices  over  a  period  of  18  years  and  indi- 
1^    Gate,  as  might  be  expected,  that  the  variations  in  price  of  cast  iron  pipe  are 
largely  due  to  the  variations  in  the  price  of  the  pig  iron  from  which  the  pipe  is 
made. 

Prices  of  Cast  Iron  Water  Pipe  During  the  Past  60  Years. — Interesting 
statistics  on  the  price  of  cast  iron  pipe  were  presented  by  Burt  B.  Hodgman, 
Chief  Engineer  of  the  National  Water  Main  Cleaning  Co.,  in  a  paper  pre- 
sented at  the  1917  annual  meeting  of  the  American  Water  Works  Association. 
Ui  his  paper,  an  abstract  of  which  is  given  in  Engineering  and  Contracting, 
Aug.  29,  1917,  Mr.  Hodgman  gives  the  prices  actually  paid  for  cast  Iron 
pipe  by  the  city  of  Boston,  Mass.,  during  the  past  50  years. 
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In  1832  Richmond,  Va.,  purchased  10-in.  pipe  from  Samuel  &  Tho: 
Richards  of  Philadelphia  for  $1.38  per  foot,  the  pipe  being  in  9-ft.  lengtl 
K«  in-  in  thickness.  This  amounts  to  about  $54  per  ton  of  2,000  lb.,  ai 
price  was  for  pipe  delivered  at  Richmond.  The  cost  in  1832  of  other  s 
pipe  was  as  follows: 

P< 

8-in.  pipe  was 

6-in.  pipe  was 

4-Jn.  pipe  was 

3-in.  pipe  was 

In  1844  3-in.  pipe  was  bought  for 

In  1854  16-in.  and  8-in.  pipe  was  purchased  in  Richmond  from  R.  A 
Jones  at  $52.50  per  long  ton.  The  pipe  was  cast  at  Florence,  N.  J.  Ii 
10-in.  valves  were  purchased  in  Richmond  at  $70,  8-in.  valves  at  $56 
valves  at  $44.50,  4-in.  valves  at  $30  and  3-in.  valves  at  $28. 


Pbices  op  Cast  Iron  Pipe  and  Spbciax^i 


Elgin,  lU. 


Year 


Pipe      Specials 


1887 $34.70  $55.00 

1888 34.70  55.00 

1889 24.70  45.00 

1890 28.00  50.00 

1891 27.40  42.50 

1892 27.00  42.75 

1893 26.50  42.50 

1894 24.70  41.50 

1895 24.70  41.50 

1896 28.00  50.00 

1897 28.00  48.50 

1898 23.  85  45. 00 

1899 23.50  43.50 

1902 24.00  45.25 

1905 30.00  50.00 

1906 27.00  46.50 

1907 21.40  41.40 

1908 21.00  42.50 

1909 23. 00  45. 00 

1910 22.50  45.00 

1911 23.00  44.75 

1912 23.45  45.00 

1913 23.50  45.00 

1914 23.  70  45.  25 


Rochester,  N.  7. 

Year  Pipe  Sp 

1884 $30.00  $4 

1885 27.90  ( 

1887 34.00  C 

1890 24.50  4 

1891 23.20  4 

1892 21.20  4 

1894 18.68  4 

1895 18.90  4 

1896 18.25  4 

1897 16.70  a 

1898 16.27  a 

1899 22.00  S 

1900 25.25  4 

1901 20.  80  4 

1902 26.75  6 

1903 32.50  7 

1904 22.80  S 

1905 25.40  5 

1906 26.80  fi 

1907 23.20  e 

1908 24.30  fi 

1909 22.70  5 

1910 24.00  5 

1911 20.70  4 

1912 21.20  4 

1913 24.25  5 

1914 21.95  .. 


Portland,  Ore 

(All  prices  per  ton  of  2,000  lbs.) 


Year 

Size 

Pipe 

Specials 

Year 

1908 

...    16" 

$42.75 

1913 

1910 

...      4" 

37.00 

.  .  .    12" 

37.00 

$60.66 

1914 

1911 

.  .    10" 

32.35 

...    20" 

32.35 

48.66 

.  . .    10" 

30.90 

.  . .    20" 

30.50 

1913 

...      6" 

.  .  .  .      8" 

34.25 
34.50 

Siie 

24" 
30" 
6" 
8" 
12" 
16" 
24" 
30" 


Pipe 

34.00 
34.00 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 


Sp( 
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Pbicbs  of  Cast  Ibon  Pipb  and  Spbcials 

Lowell,  Mass. 

(1870  to  1902,  2,240  lb.  to  ton;  1904  to  1914,  2.  000  lb.  to  ton) 

Year  Pipe  Year  Pipe 

1870 $63. 00      SO.  04  per  lb.        1902 28. 20 

1873 73. 00      $0.04  per  lb.        1904 23. 20      $0.05  per  lb. 

1874 42.  00      $0. 04  per  lb.        1906 29.  30 

1876 36.  39                                    1906 32.  70 

1880 51. 00      $70  per  ton          1909 25. 20 

1882 45.  00      $0. 03  per  lb.        1909 24.  20 

1881 55.00                                    1010 22.30 

1889 28.31                                      1910 22.00 

1895 23.86                                 '    1912 21.45 

1895 19.70                                     1912 22.34 

1897 18.18                                    1913 23.23 

1899 21.75                                     1914 22.49 

1899 23.00                                     1914 21.95 

Included  in  the  abstract  of  Mr.  Hodgman's  paper,  as  published  in  Engineer- 
ing and  Contracting,  Aug.  29,  1917,  is  a  voluminous  table,  giving  prices  on. 
various  sizes  of  pipe,  the  respective  tonnage  ordered  and  the  name  of  the 
company  supplying  the  pipe,  for  the  years  1868  to  1917  inclusive.  It  is 
necessary  to  oyut  this  table  on  account  of  its  size. 

Prices  of  Waterworks  and  Other  Materials  Month  by  Month. — The  accom- 
panying tables  of  prices  of  various  engineering  materials  given  in  Engineering 
and  Contracting,  Oct.  12,  1921,  were  compiled  in  the  office  of  Dabney  H. 
Maury,  Consulting  Engineer,  Chicago,  Illinois,  for  use  in  connection  with 
appraisals  of  water  works  and  other  properties. 

Table  XXVIII  shows  cast  iron  water  pipe  prices  per  ton  of  2000  lb.  in  4-in., 
6-in.  and  larger  sizes,  as  explained  in  the  note.  The  peak  of  cast  iron  pipe 
prices  was  reached  in  Oct.,  Nov.,  and  Dec.,  1920.  Since  that  time  the  decline 
has  been  rapid,  but  the  price  is  still  far  ^bove  the  prewar  average. 

Ocks  Pipe,  because  of  its  lesser  thickness,  costs  more  per  ton,  the  advance 
over  water  pipe  having  ranged  from  $1.00  per  ton  in  1913  to  $4.00  per  ton  in 
1920  and  1921.  On  Sept.  1,  1921,  the  differential  was  $3.00  per  ton  in  all 
markets. 

Table  XXIX  the  price  list  of  wrought  iron  and  steel  pipe  is  the  standard 
which  has  been  in  effect  for  many  years,  and  to  which  all  of  the  discounts  of 
Table  XXX  apply. 

Steel  and  wrought  iron  pipe  reached  high  points  in  1917  and  1918,  and  again 
during  the  winter  of  1920-21.  Present  prices  are  nearly  100  per  cent  above 
average  prewar  prices. 

The  pig  lead  maximum  was  reached  in  1917.  There  was  another  high  point 
in  1920,  followed  by  a  rapid  decline  which  has  brought  pig  lead  down  to 
prewar  prices. 

The  common  brick  maximum  was  reached  in  1920.  Common  brick  is  still 
almost  double  its  prewar  price  in  Chicago. 

Starting  with  1903,  cement  decreased  gradually  in  price  to  1911  when,  in 
November,  a  minimum  of  $.70  per  bbl.  was  reached.  Its  trend  since  that 
time  has  been  slowly  but  steadily  upwards  with  a  high  peak  of  $2.37  in  January 
and  February  of  this  year,  the  present  price  being  only  $.20  less  than  the  peak. 

Structural  shapes  and  plates  reached  their  peak  during  the  latter  half  of 
1917,  when  plates  were  quoted  at  the  almost  unbelievable  price  of  $.10  at 
warehouse,  Chicago.  Since  that  time  they  have  declined  in  price,  reaching 
a  point  slightly  below  $.03  in  August,  1921 . 

The  range  of  prices  of  reinforcing  bars  has  followed  rather  closely  that  of 
■tnictural  shapes. 
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Tablb  XXVIII. — Continued 


Year 
Aug. 

Sept. 

Oct.. 

Nov. 

Deo. 


Year 

Average 

for 

year 

Jan 


Feb. 
Mar. 


April. 
May. 
June. 
July. 


Aug. 
Sept 
Oct. 


1910 

f28.00 
27.00 

,26.00 
27.00 
26.00 

,25.00 
27.00 
26.00 

,25.00 
27.00 
26.00 

,26.00 
27.00 
26.00 
25.00 

1916 

r  34. 23 
31.31. 


1911   1912   1913   1914 


Nov. 
Dec. 


30 
28 
32 
29 
32 
29 
33 
30 
33 
30 
33 
30 
34 
31 
34 
31 
34 
31 
34 
31 
34 
31 
42 
39 


50 

50 

75 

75 

75 

75 

75 

75 

.75 

.75 

.75 

.75 

.00 

.00 

.00 

.00 

.00 

.00 

.50 

.50 

.50 

.50 

.50 

.50 


25.50 
24.50 
24.00 
26.50 
24.50 
24.00 
26.50 
24.50 
24.00 
26.50 
24.50 
24.00 
26.50 
24.50 
24.00 

1917 

57.83 
64.83 


27.50 
26.00 
25.00 
30.00 
28.00 
27.00 
30.00 
28.00 
27.00 
30.00 
28.00 
27.00 
31.00 
29.00 
28.00 

1918 

62.85 
69.85 


28.00 
26.00 
25.00 
28.00 
26.00 
25.00 
28.00 
26.00 
26.00 
28.00 
26.00 
25.00 
27.00 
25.00 
24.00 

1919 

60.90 
57.97 


26.00 
24.00 
23.60 
26.00 
24.00 
23.50 
26.00 
24.00 
23.50 
26.00 
24.00 
23.50 
25.60 
23.60 
23.00 

1920 

79.98 
76.48 


44.50 
41.50 
44.50 
41.50 
45.50 
42.50 
53.50 
50.50 
58.  50 
55.50 
61.60 
68.50 
68.50 
66.50 
68.60 
66.50 
68.50 
65.50 
68.50 
65.60 
53.  50 
50.50 
58.50 
66.50 


57.30 
54.30 
57.30 
54.30 
57.30 
64.30 
57.30 
54.30 
57.30 
54.30 
63.36 
60.35 
66.05 
62.05 
65.  06 
62.05 
64.80 
61.80 
69.80 
66.80 
69.80 
66.80 
69.80 
66.80 


69.80 
66.80 
64.80 
61.80 
64.80 
61.80 
69.80 
66.80 
59.80 
66.80 
64.80 
51.80 
64.80 
51.80 
56.30 
63.30 
58.50 
55.80 
58.80 
55.80 
62.80 
59.80 
65.80 
62.80 


69.80 
66.80 
72.80 
69.80 
75.80 
72.80 
76.80 
72.80 
79.80 
76.80 
79.80 
76.80 
79.80 
76.80 
79.80 
76.80 
82.10 
79.10 
88.10 
83.  10 
88.10 
83.  10 
88.10 
83.10 


1916 

26.00 
24.00 
23.60 
26.50 
24.50 

27!  66 
26.00 

29!  66 

27.00 

29!  66 

27.00 


1921 


69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
57.10 
54.  10 
62.10 
49.10 
49.10 
46.10 


Foot  Note:    The  prices  given  in   the  table  are  arranged  according  to  size  of 
pipe,  the  top  figure  for  each  month  representing  quotations  on  4."  pipe.     The 


Bises  represented  by  the  other  figures  are  as  follows 

Middle 
Period  figure 

Jan.,  1902  to  July.   1903 6" 

Aug.,   1903 6"  &  larger 

Sept.,  1903 6"  &  8" 

Oct,  1903  to  Jan..  1904 6"  &  larger 

Feb.,  1904  to  May,  1904 6"  to  12" 

June,  1904  to  June  1906 6"  a  larger 

July,  1905  to  Sept..  1905. 6''  to  10" 

Oct.,  1905  to  Aug.,  1915 6"  to  12" 

8q)t.,  1916  to  Sept.,  1921 6"  &  larger 


Lower 
figure 

8"  &  larger 


10"  &  larger 
Larger  than  12" 


12"  &  larger 
16"  larger 
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Tablb  XXIX.- 


-Standabd  Price  List  of  Stbbli  and  Wbouoht  Ibon  Pipe- 
EiTHBR  Black  or  Galvanized 


This  list  was  established  prior  to  1900,  and  has  since  remained  in  general  tue 
throughout  the  United  States. 

Standard  pipe  is  furnished  with  threads  and  couplings  and  in  random  lengths 
unless  otherwise  ordered.     Weights  are  in  pounds. 


Sice,  in. 
H 

'A 

1 
IH 

2 

2H 
3 

3H 
4 

4H 

5 

6 

7 

8 

8 

9 
10 
10 
10 
11 
12 
12 


-UMibuua 

ru  Bbtmui,  BHS  auu  v 

iriii,er  pipe 

per  foot 

tv  eignt 

Threads  and 

Price  per  foot 

Plain  ends 

couplings 

$0.05H 

.244 

.245 

.06 

.424 

.425 

.06 

.567 

.568 

.08H 

.850 

.862 

.11>5 

1.130 

1.134 

.17 

1.678 

1.684 

.23 

2.272 

2.281 

.27H 

2.717 

2. 731 

.37 

3.652 

3.678 

.58H 

5.793 

5.819 

•  76H 

7. 675 

7.616 

.92 

9.109 

9.202 

1.09 

10. 790 

10.889 

1.27 

12. 638 

12.642 

1.48 

14.  617 

14.810 

1.92 

18. 974 

19, 186 

2.38 

23.644 

23. 769 

2.50 

24.696 

25.000 

2.88 

28.654 

28.809 

3.45 

33.907 

34.188 

3.20 

31.201 

32.000 

3.50 

34.240 

36.000 

4.12 

40.483 

41.132 
46.247 

4.63 

46. 557 

4.60 

43. 773 

45.000 

5.07 

49. 562 

50.706 

Extra  strong  pipe  for  high  pressure  hydraulic  installations,  etc.,  takes  a  higbtf 
price. 


Table  XXX. — Discounts  on  Wrought  Iron  and  Steel  Pipe  in  Carloa!# 

Lots  at  Pittsburgh,  Pa. 


Sise — inches M 

1910— 

Jan 74 

Feb.-May 74 

June-Sept 74 

Siae — inches H 

1910— 

Oct 75 

Nov.-Dec 75 

1911— 

Jan.-Sept 75 

Oct 77 

Nov 78 

Dec 78 

1912— 

Jan.-Feb 78 

Mar  .-May 78 

June-July 77 

Aug 76 

Sept 76 

Oct 76 

Nov 76 

Dec 76 


Black- 

^-6     7-12 

78  72 
78  72 
78         72 

H-IH  ^-3 

79 
79 

79 
80 
80 
81 

81 

81 

80 

79 

79 

....      79 

....      79 

....      79 


-Steel  pipe 


-dalvanised- 


80 
80 

80 
81 
81 
82 

82 
82 
81 
80 
80 


\i     K-6     7-12 


...  62 

...  62 

...  62 

2-3  H 


63 
63 

66 
67 
67 
68 

68 
68 
67 
66 
66 
66 
66 
66 


68  67 

68  67 

68  67 

^-1>4  ^-3 


69 
69 

69 
72 
72 
73 

73 
72 
72 
71 
71 


71 
71 
71 


■*♦ 


2-8 

70 
70 

70 
74 

74  ; 
76    ' 

75  I. 
75  "J 

73 
73 

• .  • 

•  •  • 
• » ¥  ^ 
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Tabls  XXX. — Continued 


1913— 

Jan.-April 77 

May 76H 

June-Aug 76 

Sept.-Dec 77 

1914— 

Jan 77 

Fcb.-Apr 76H 

May-Oct 77 

Nov.-Dec 78 

1916— 

Jan.-Feb 78 

Mar 77 

April 77 

Alay 76 

June 76 

July- Aug 76 

Sept.-Oct 76 

Nov.-Dec 75 

1916— 

Jan 74 

Feb 73 

Mar 71 

April 69 

Alay-July 67 

Aug.-Sept 67 

Oct.-Nov 66 

Dec 63 

1917— 

Jan.-Feb 61 

Mar 59 

April 52 

May-June 46 

July-Nov 46 

Dec 48 

1918— 

Jan.-Dec 48 

1919— 

Jan.-Mar 51 

Apr.- Aug 64H 

8ept.-Dec 64H 

1920— 

Jan 54H 

Feb 51 

'  Mar.-July 51 

Aug.-Dec 52^ 

1921— 

Jan.-Feb 54M 

Mar.-Apr 64Ji 

SizBt  inches H 

1921— 

May-July 56^ 

Aug 58H 


^ 


-Black- 


-Steel  pipe- 


80 

79H 

79 

80 

80 

79H 

80 

81 

81 
80 
80 
79 
79 
79 
79 
78 

77 
76 
74 
72 
70 
70 
69 
66 

64 
62 
55 
49 
49 
51 

51 

54 

57H 

67H 

57H 
54 
54 
55^ 

57H 
57H 
1-3 


60H     62M 
62H     64  H 


66H 
66 

65H 
66H 


58M 
56H 
53H 
49H 
46H 
51H 
51H 
48H 

46H 
44H 
37H 
^IH 
31H 
33H 

33H 

36H 

40 

40 

40 

36H 

36H 

40 
40 

H 

42 
44 


-Galvanised- 


y4 

48 
50 


71>^ 
70 
70H 
71H 


37H 

40H 

44 

44 

44 
41H 
41H 
42^ 

44 
44 

1-3 

50 
52 


Sie — ^inches. 
1910— 

Jan 

Prf).-May . . . 
June-Sept . . . 

Sse — inches. 
1910— 

-Out 

NoT.-Dec. . . 


M     H-Q 


69 
69 
70 


73 
73 
74 


Black- 
7-12 

68 
67 
68 


-Wrought  iron  pipe- 


M      H-fi 


57 
57 
58 


63 
63 
64 


-Galvanixed- 
7-12 

53 
52 
53 


M  H-IH  H-2H    2-2H    2-3  H  H-iH  Va-^H    ■d-'^H    2-3 


71 


76 


76     59 


65 


66 
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Table 

XXX. — Continited 

Wrought 

/  iron  I 

-Black— 

GalvaniBed 

.      1911— 

Jan.-Sept. . . 

71 

75 

•   •   •  • 

....      76 

59 

65 

•   •••            •■•• 

66 

Oct 

75 

75 

.... 

....      76 

65 

67 

•   •••            •••■ 

69 

Nov 

72 

76 

.... 

....      76 

62 

67 

•   •••            •••• 

60 

Dec 

72  . 

75 

.... 

....      76 

62 

67 

•   *••            •■•« 

69 

1912— 

Jan.-Feb 

72 

75 

....      76 

62 

67 

•   •••            ••«« 

69 

Mar -May. . 

72 

75 

76 

59 

•    •    •    • 

66 

June-July . . . 

72 

76 

.... 

....      76 

59 

64 

•   •••            •••• 

66 

Aug 

71 

74 

.... 

75 

58 

63 

•    ■••            •••• 

64 

Sept 

69 

72 

•   •   •   • 

....      73 

56 

61 

•    •••            •••■ 

62 

Oct 

70 

73 

•   •  «   • 

74 

57 

62 

....      63 

Nov i 

70 

73 

•  «   •   • 

73 

57 

62 

....      62 

Dec 

70 

73 

•  •   •   • 

•    •    •   •            •    •    • 

57 

62 

•  •••            •••• 

1913— 

Jan -April . . . 

70 

73 

57 

62 

May 

70 

73 

57 

62 

June- Aug.  . . 

69 

72 

56 

61 

Sept.-Dec . . . 

69 

72 

56 

61 

•  •  •           « 

1914— 

Jan 

69 

72 

56 

61 

Feb.-April. . . 

69 

72 

66 

61 

May-Oct 

69 

72 

56 

61 

Nov.-Dec 

69 

72 

56 

61 

1915— 

Jan.-Feb. . . . 

69 

72 

56 

61 

Mar 

69 

72 

54 

59 

April 

69 

72 

54 

59 

May 

68 

71 

52 

57 

June 

68 

71 

47 

52 

July- Aug 

68 

71 

41 

46 

Sept.-Oct 

68 

71 

47 

52 

Nov.-Dec. . . 

67 

70 

47 

62 

1916— 

Jan 

67 

•   •   ■   « 

70 

47 

•    •   •   • 

62        

Feb 

63 

66 

43 

48 

•   •••            ■••• 

Mar 

61 

64 

40 

45 

•   •••            ••■• 

April 

May- Juiy . . . 

59 

62 

36 

41 

*•••            •••• 

57 

60 

33 

38 

•    •••            •••• 

Aug.-Sept . . . 

57 

60 

38 

43 

•    •••            •«»• 

Oct.-Nov.... 

56 

59 

38 

43 

•    •••            •••• 

- 

Dec 

53 

56 

35 

40 

•    •••            •••■ 

•  •  ■  • 

1917— 

Jan.-Feb 

51 

54 

33 

40 

•   •••            •••• 

Mar 

49 

52 

31 

38 

•    •••            •••■ 

f 

April 

41 

44 

23 

28 

•   •••            •«•• 

May-June . . . 

35 

38 

17 

22 

■   >••            •••• 

•  •  • 

July-Nov 

28 

33 

10 

17 

•    ••■            •••• 

•  •  •          ^ 

Dec 

28 

33 

10 

17 

•   •■•            ••■• 

•  •  •          J 

1918— 

« 

Jan.-Dec  — 

28 

33 

10 

17 

•    •••            •••• 

1 

1919— 

■■ 

Jan.-Mar 

31 

36 

13 

20 



Apr  .-Aug — 

34  M 

39 

16H 

231^ 

•    •••            •■■» 

Sept.-Dec . . . 

34M 

30 

16H 

2SH 

•   •••            ■••• 

•  •  ■     M 

1920— 

Jan 

34  H 

30 

16H 

23H 

•    •••             •■•• 

...      ! 

Feb 

34  H 

30 

16H 

23H 

•    •••            •••• 

J 

Mar  .-July . . . 

29M 

34  H 

mi  ; : ; 

llH 
6H 

18H 

....      17H 

Aug.-Dec  . . 

24M 

29H 

13M 

•    •••            •••• 

. .  t      t 

1921— 

t 

Jan.-Feb 

20 

25 

2 

9 

•    •••            •■■• 

1 
....      J 

Mar  .-Apr .  . . 

24M 

291.^ 

6H 

13>^ 

•    •••            •■•• 

J 

Size — inches. 

y2 

H 

-  1-1 K 

y2 

^i 

i-lH    .... 

...      ^ 

1921— 

la 

May-July , . . 

27  H 

3SH 
37H 

35M 

iiM 

18H 

20H     .... 

...    1 

Aug 

31M 

391^ 

22H 

24H     .... 

...  J 
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8 
o 

£ 

•< 

CD 
H 
O 

o 
o 

O 


n 


I 

t-H 

X 
X 

m 


1-1  U3iCOU30>A>00    •    •    •    • 

C4  «0  *0  >0 1«  o»  C^  C4  CS     .... 

O) 

^  '*f  ^  ^  ^  ^  lO  ^  ^    .    •    .    • 

Q>. 

O)  OUSOp>AUd>CQiO>AQUd 

f-i  b.h>ooo>a»<-*>ot«oic>o 

O) 

00  t^iOOQC^C4U3U3U3iOiCiO 
O) 

t*  »oo53»oiOQ»o»oc<e«cir» 

A .-    • 

tHi-I  v-li-l 

^  0900r^O>OQQ>CQO 

oa 

1-4   OC000i-iOXC09b*'^a0C4 

OS  •  •  •  

1-1  eoeoeO'^yp-^iti-^-^-^-^iei 

iH  »-iO00h>00Q0b>r«t^'CC0«0 
Ob 

^^  ^ ^ooooooco CO wcoco eoco 
eo  >opopb»oc^b-t*QO»2 

1-1  ^C<WNWWC^W«0«5C^0> 

o» 

CI  ic  to  CI  N  r*  cj  o  b«- CI  »o  Q  o 

^  eo '^  o>  »-•  o  *-•  ^  ic  r*  o> «  N 

iH  US  d  lO  o  r«  CI  >o  >o  CI  CI  >o  b> 
«-i  CO  CO  CI  w  CI  d  CO  T»<  ^  CO  »H  eo 
o> 

^H  ^J*  ^f  ^f  ^^  ^4  ^J(  ^^  ^Ji  ^^  ^^  ^^  ^9* 

O  »0OO^0^0CI^0^0O^*^*O 
1-t  «0  «0  ^  CI  CI  d  CI  d  CO  CI  d  T»< 
© 

^^   ^J*  ^J'  ^J'  ^J'  ^J'  ^^  ^J'  ^J'  ^J'  ^J'  ^J'  ^w* 
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Table  XXXII. — Pbicbs  or  Rbinfobcino  Babs  fbom  Mill — PirrsBUBaH,  Pa. 

Prices  are  in  cents  per  pound  in  carload  lots,  and  are  taken  from  Engineerins 
News  and  Engineering  News-Record. 

Note. — Prices  of  bars  from  Chicago  warehouse,  1910  to  1916  inclusive,  are 
from  .45c  to  .70o  higher  than  Pittsburgh  mill  prices.  Prices  of  bars  from  Chicago 
warehouse,  1917  to  1920  inclusive,  are  from  .70c  to  1.27c  higher  than  Pittsburgh 
mill  prices. 

1910 1911 1912 1913 

H"     M"  larger  K"    ^"  larger  H"    H"  Wer  H"    H"  iargw 

Jan 1.65  1.60  1  55  1.55  1.50  1.46  1.30  1.25  1.25  1.60  1.56  1.60 

Feb 1.65  1.60  1  55  1.55  1.50  1.45  1.30  1.25  1.26  1.60  1.56  1.60 

Mar 1.65  1.60  1.55  1.56  1.50  1.45  1.30  1.25  1.20  1.60  1.56  1.60' 

Apr 1.65  1.60  1.55  1.55  1.50  1.45  1.35  1.30  1.25  1.60  1.66  1.60 

May 1.65  1.60  1.55  1.55  1.50  1.45  1.35  1.30  1.26  1.60  1.66  1.60 

June 1.65  1.60  1.55  1.40  1.35  1.30  1.40  1.35  1.30  1.60  1.66  1.50 

July 1.60  1.55  1.50  1.40  1.35  1.30  1.45  1.40  1.36  1.60  1.66  1.60 

Aug 1.60  1.55  1.50  1.40  1.35  1.30  1.50  1.45  1.40  1.60  1,66  1.60 

Sept 1.60  1.55  1.50  1.40  1.35  1.30  1.55  1.50  1.46  1.60  1.66  1.60 

Oct 1.60  1.55  1.50  1.35  1.30  1.25  1.55  1.50  1.46  1.65  1.60  1.46 

Nov 1.60  1.55  1.50  1.35  1.30  1.25  1.60  1.55  1.50  1.60  1.46  1.40 

Dec 1.60  1.55  1.50  1.25  1.20  1.20 1.65  1.40  1.35 

Average...  1.62  1.58  1.52  1.44  1.39  1.35 1.59  1.52  1.48 


1914 1915 1916 = 1917- 


H"&  H"&  ^"&  K"A 

M"    H"  larger  H"    %"  larger  H"    H"  larger  M"    H''  largar 

Jan 1.55  1.40  1.  35  1.  30  1. 15  1. 10 3.10  3.06  3.00 

Feb 1.55  1.40  1.35  1.30  1.15  1.10  2.05  1.90  1.80  3.10  3.06  3.00 

Mar 1.45  1.30  1.25  1.35  1.20  1.15  2.50  2.35  2.25  3.10  3.06  3.00 

Apr 1.40  1.25  1.20  1.35  1.20  1.15  2.70  2.55  2.45  3.46  3.40  3.86 

May 1.35  1.20  1.15  1.40  1.25  1.20  2.75  2.60  2.50  3.60  3.56  3.50 

June 1.35  1.20  1.15  1.40  1.25  1.20  2.75  2.60  2.50 

July 1.35  1.20  1.15  1.45  1.30  1.25  2.75  2.60  2.50 

Aug 1.45  1.30  1.25  2.60  2.55  2.50 

Sept 1.40  1.25  1.20  1.40  1.35  1.30  2.70  2.65  2.60 

Oct 1.40  1.25  1.20  1.60  1.46  1.40  2.70  2.66  2.60 

Nov 1.  40  1.  25  1.  20 2.  70  2.  65  2.  60 


Dec 1.35  1.20  1.15 3.00  2.95  2.90  3.00  2.95  2.90 

Average 


1918 1919 ■-  1920 1921- 


H"&  H"&  ^"A  K"4 

W    %"  larger  W    H"  larger  W    H"  larger  H"     H"  larger 

Jan 3.00  2.95  2.90  3.00  2.95  2.90  2.45  2.40  2.36  2.45  2.40  2.86 

Feb 3.00  2.95  2.90  3.00  2.95  2.90  2.45  2.40  2.35  2.45  2.40  2.35 

Mar 3.  00  2. 95  2. 90  3. 00  2. 95  2. 90  2. 45  2. 40  2. 35  2. 40  2. 36  2. 30 

Apr 3.00  2.95  2.90  2.45  2.40  2.35  3.22  3.20  3.17  2.28  2.22  2.18 

May 3.00  2.95  2.90  2.45  2.40  2.35  3.22  3.20  3.18  2.20  2.16  2.10 

June 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.06  2.20  2.16  2.10 

July 3. 00  2. 95  2. 90  2.  45  2. 40  2.  35  3. 10  3. 08  3. 05  2.  20  2. 16  2. 10 

Aug 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05  2.20  2.16  2.10 

Sept 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.06 

Oct 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.06 

Nov 3. 00  2. 95  2. 90  2.  45  2. 40  2. 35  2. 98  2. 95  2. 92 

Dec 3.00  2.95  2.90  2.45  2.40  2.36  2.98  2.95  2.92 

Average...  3.00  2.95  2.90  2.  59  2. 54  2.49  2.94  2.91  2.87 
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■     XXXIII. — Pbices     or     Stbuctubal     Shapes,    fbom    Wabbhouse 

Chicago,  IiiL. 

ces  are  in  cents  per  pound  in  carload  lots  and  are  taken  from  Engineering 
,  Iron  Age  and  Engineering  News  Record. 


-1910 1911 1912 1913- 


00^         CO 


«« 


;5*S  eo^  CO  Nj*«  w^  CO  ;5*S  co  co  ^S 
-rs  M>  ll  |2  M>  ll  |2  |i  S^  fs  1%>  1 1 
|S   |S   i^   is    3s   ^^    to    Ss   g*    is   |5   i^ 

«.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.10 
2.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05 

2.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05 

2.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05 

2.00  2.05  2.00  1.85  1.85  1.88  1.70  1.70  1.70  2.05  2.05  2.05 

2.00  2.05  1.98  1.78  1.83  1.83  1.75  1.76  1.75  2.05  2.05  2.05 

1.90  1.95  1.95  1.83  1.83  1.83  1.75  1.75  1.75  2.05  2.05  2.05 

1.85  1.85  1.88  1.83  1.83  1.83  1.90  1.90  1.90  2.05  2.05  2.05 

1.85  1.85  1.88  1.83  1.83  1.83  1.91  1.91  2.00  1.95  1.95  2.05 

1.85  1.85  1.88  1.75  1.75  1.83  2.08  2.08  2.05  1.95  1.95  2.06 

1.85  1.85  1.88  1.65  1.65  1.63  2.05  2.05  2.05  1.95  1.95  1.95 

1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05  1.51  1.51  1.86 

1.93  1.96  1.94  1.79  1.80  1.81  1.80  1.80  1.80  1.98  1.98  2.03 


1914 1916 1916 1917- 


•« 


w^      «•        2Sf®     w        w        \*«     co^       CO        \!f«     «^      CO        \fc! 

-«  lo  1-^  !« ll  I*  i:  lo  1-^  i'T  it  l*^ 

8s     ho    ^m     8S     tfo     <^     go     a"^     «^     go     go    ji^ 

1.75  1.75  1.75  1.80  1.80  1.78  2.40  2.40  2.40  3.70  3.70  4.35 

1.75  1.75  1.75  1.75  1.75  1.75  2.60  2.50  2.70  3.85  3.85  4.50 

1.75  1.75  1.75  1.75  1.75  1.75  2.90  2.90  3.15  4.00  4.00  4.75 

1.75  1.75  1.65  1.75  1.75  1.75  3.10  3.10  3.60  4.50  4.50  6.60 

1.75  1.75  1.65  1.75  1.75  1.75  3.10  3.10  3.60  4.75  4.75  6.00 

1.75  1.75  1.70  1.75  1.76  1.76  3.10  3.10  3.60  6.00  6.00  7.00 

1.75  1.75  1.75  1.76  1.76  1.76  3.10  3.10  3.60  6.00  6.00  7.00 

1.75  1.75  1.76  1.76  1.75  1.75  3.10  3.10  3.50  6.00  5.00  8.00 

1.75  1.75  1.75  1.85  1.86  1.86  3.10  3.10  3.60  6.00  6.00  10.00 

1.75  1.76  1.75  1.90  1.90  2.00  3.25  3.25  3.76  6.00  6.00  10.00 

1.76  1.76  1.76  2.00  2.00  2.20  3.25  3.25  3.76  5.00  6.00  7.00 
1.75  1.75  1.75  1.99  1.99  2.30  3.70  3.70  4.36  4.20  4.20  4.45 
1.75  1.75  1.73  1.82  1.82  1.86  3.05  3.06  3.42  4.68  4.68  6.64 

1918 1919 1920- 1921 

CO  CO  Nf«       CO.,         CO  N?  »       CO  CO  \*  «       CO^         CO  \*3 

5  »^Mv  "^Mi  "^Mi  '*>>M 

as     Sh     J<      S'^     Sh     J5      SS     Sh     J«      SrH     .5«     J« 

So  Is  ^-e  Is  ^S   -S-e  ^o    g"©  ^^  |o  g*©  «^j 

4.20  4.20  4.46  4.27  4.27  4.52  3.47  3.47  3.67  3.58  3.58  3.78 
4.20  4.20  4.45  4.07  4.07  4.27  3.47  3.47  3.67  3.58  3.58  3.78 
4.20  4.20  4.45  4.07  4.07  4.27  3.97  3.97  4.17  3.58  3.58  3.78 
4.20  4.20  4.45  3.47  3.47  3.67  3.97  3.97  4.17  3.13  3.13  3.13 
4.20  4.20  4.45  3.47  3.47  3.67  3.97  3.97  4.17  3.23  3.23  3.23 
4.20  4.20  4.45  3.47  3.47  3.67  3.97  3.97  4.17  3.23  3.23  3.23 
4.27  4.27  4.52  3.47  3.47  3.67  3.97  3.97  4.17  3.13  3.13  3.13 
4.27  4.27  4.52  3.47  3.47  3.67  3.97  3.97  4.17  2.88  2.88  2.88 

4.  27  4.  27  4. 52  3. 47  3. 47  3. 67  3. 97  3. 97  4. 17 

4.  27  4.  27  4. 52  3. 47  3. 47  3. 67  3. 97  3. 97  4. 17 

4.  27  4.  27  4.  52  3. 47  3. 47  3.  67  3. 97  3.  97  4. 17 

4.  27  4.  27  4. 52  3. 47  3. 47  3. 67  3. 58  3. 58  3. 78 

4.24  4.24  4.48  3.64  3.64  3.84  3.85  3.85  4.06 
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Table  XXXIV. — Common  Brick  Pbicbs  at  Chicago,  Ili* 
Prices  are  in  dollars  per  1,000  in  car  load  lots 

Month 

Jan $6.00 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 


1916 

1917 

1918 

1919 

1920 

1921 

$6.00 

$6.00 

$  8.00 

$11.00 

$12.00 

$15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

15.00 

6.00 

6.00 

8.00 

12.00 

14.00 

15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

12.00 

6.00 

8.00 

8.00 

12.00 

14.00 

12.00 

6.25 

8.00 

11.00 

12.00 

15.00 

12.00 

6.00 

8.00 

11.00 

12.00 

16.00 

12.00 

7.00 

8.00 

11.00 

12.00 

16.00 

6.00 

8.00 

11.00 

12.00 

15.00 

6.00 

8.00 

11.00 

12.00 

15.00 

6.00 

8.00 

11.00 

12.00 

15.00 

Avg $6.17 


$7.17 


$9.50       $11.92       $14.50 


Table  XXXV. — Portland  Cement  Prices  at  Chicago,  III. 

Prices  to  and  including  December,  1913,  from  Universal  Portland  Cement  Co.; 
prices  January,  1914,  to  and  including  March,  1917,  from  Engineering  News; 
prices  April,  1917,  to  date  from  Engineering  News  Record.  Prices  are,  in 
dollars  per  barrel,  for  carload  lots,  f.  o.  b.  Chicago,  and  do  not  include  price  of 
bags. 

Average  yearly  price  (1903  to  1909,  inclusive): 


1903 $1.65 

1904 1.35 

1905 1.30 

1909 


1906 $1.65 

1907 1.65 

1908 1.15 

$1.00 


Month      1910  1911  1912  1913  1914  1915  1916  1917  1918  1919  1920  1921 

Jan 90  1.05  .75  1.05  1.30  1.02  1.31  1.56  1.81  2.06  2.00  2.37 

Feb 92  1.05  .77  1.12  1.05  1.02  1.311.56  1.812.05  2.00  2.37 

Mar 1.00  1.10  .78  1.22  1.05  1.11  1.36  1.66  1.81  2.05  2.00  2.17 

Apr 1.08  1.12  .85  1.25  1.15  1.11   1.41   1.76  1.96  2.05  2.00  2.17 

May 1.18J^.05  .88  1.25  1.15  1.11  1.46  1.76  1.96  2.00  2.00  2.17 

June 1.28     .95  .88  1.25  1.15  1.111.411.911.96  2.00  2.15  2.17 

July 1.30     .85  .96  1.25  1.15  1.111.411.912.05  2.00  2.16  2.17 

Aug 1.28     .85  1.05  1.25  1.17  1.11   1.41  1.91  2.05  2.00  2.15  2.17 

Sept 1.18     .83  1.20  1.22  1.17  1.16  1.46  1.81  2.05  2.00  2.15 

Oct 1.15     .74  1.25  1.20  1.15  1.01   1.46  1.81  2.05  2.00  2.36 

Nov.. 1.07     .70  1.18  1.12  1.10  1.26  1.46  1.81  2.05  2.00  2.35 

Dec 1.05     .72  1.09  1.07  1.10  1.31   1.56  1.81  2.05  2.00  2.35 

■         fl^^^Bi^—w  «^_^_^                                       I        ^^^.i^-^  v^^^^.^^        *■                                     ^B^^Bs^^        m^^^i^m^       ^^^^^^1^       ^^^^m^^m       '^^^^1^^^ 

Avg 1.11     .91  .97  1.19  1.14  1.12  1.42  1.77  1.97  2.02  2.14 
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Table    XXXVI. — Vitbifibd    Sbwbr    Tile    Pbices,    1915-1917,    Inclusive 
Prices  are  taken  from  Engineering  News  &  Engineering  News  Record  and  are  in 
dollars  per  ft.  for  carload  lots,  f  .o.b.  Chicago. 


10T  = 

Av^e. 

IJS 

IKI 

ykiMfs 

Size 

Jan. 

Feb. 

Mar. 

Apr. 

May  June  July  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1915 

3" 

.055 

.055 

.055 

.055 

.05 

.05 

.05 

.045 

.045 

,045 

.045 

.05 

.05 

4" 

.055 

.055 

.055 

.055 

.05 

.05 

.05 

.045 

.045 

.045 

.045 

.05 

.05 

6" 

.088 

.088 

.088 
.088 

.088 

.08 

.08 

.08 

.072 

.072 

.072 

.072 

.08 

.08 

6" 

.088 

.088 

.088 

.08 

.08 

.08 

.072 

.072 

.072 

.072 

.08 

.08 

8" 

.126 

.126 

.126 

.126 

.11 

.11 

.11 

.099 

.099 

.099 

.099 

.11 

.112 

10" 

.184 

.184 

.184 

.184 

.16 

.16 

.16 

.144 

.144 

.144 

.144 

.16 

.163 

12" 

.22 

.22 

.22 

.22 

.20 

.20 

.20 

.18 

.18 

.18 

.18 

.20 

.20 

15" 

.297 

.297 

.297 

.297 

.27 

.27 

.27 

.243 

.243 

.243 

.243 

.27 

.270 

18" 

.418 

.418 

.418 

.418 

.38 

.38 

.38 

.342 

.342 

.342 

.342 

.38 

.380 

20" 

.495 

.495 

.495 

.495 

.45 

.45 

.45 

.405 

.405 

.405 

.405 

.45 

.450 

22" 

.66 

.66 

.66 

.66 

.60 

.60 

.60 

.54 

.54 

.54 

.54 

.60 

.60 

24" 

.715 

.715 

.715 

.715 

.65 

.65 

.65 

.585 

.585 

.585 

.585 

.65 

.65 

27" 

1.35 

1.36 

1.35 

1.35 

1.35 

1.65 

1.35 

1.26 

1.26 

1.26 

1.26 

1.35 

1.32 

30" 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.54 

1.54 

1.54 

1.54 

1.65 

1.61 

33" 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.06 

2.06 

2.06 

2.06 

2.18  2.15 

36" 

2.45 

2.45 

2.45 

2.45 

2.45 

2.45 

2.45 

2.31 

2.31 

2.31 

2.31 

2.45 

2.40 

Avge. 

— 1916 

price 

Size 

Jan. 

Feb. 

Mar. 

Apr. 

May  June  July  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1916 

3" 

.045 

.045 

.055 

.055 

.055 

.055 

.055 

.062 

.062 

.062 

.062 

.056 

4" 

.045 

.045 

.055 

.055 

.055 

.055 

.055 

.062 

.062 

.062 

.062 

.056 

5" 

.072 

.072 

.088 

.088 

.088 

.088 

.088 

.10 

.10 

.10 

.10 

.089 

6" 

.072 

.072 

.088 

.088 

.088 

.088 

.088 

.10 

.10 

.10 

.10 

.089 

8" 

.099 

.099 

.121 

.121 

.121 

.121 

.121 

.138 

.138 

.138 

.138 

.123 

10" 

.144 

.144 

.173 

.173 

.173 

.173 

.173 

.20 

.20 

.20 

.20 

.177 

12" 

.18 

.18 

.22 

.22 

.22 

.22 

.22 

.25 

.25 

.25 

.25 

.22 

15" 

.243 

.243 

.297 

.297 

.297 

.297 

.297 

.338 

.338 

.338 

.338 

.302 

18" 

.342 

.342 

.418 

.418 

.418 

.418 

.418 

.438 

.475 

.475 

.475 

.422 

20" 

.405 

.405 

.495 

.495 

.495 

.495 

.495 

.562 

.562 

.562 

.562 

.503 

22" 

.54 

.54  . 

.66 

.66 

.66 

.66 

.66 

.75 

.75 

.75 

.75 

.67 

24" 

.585 

.585 

.715 

.715 

.715 

.715 

.715 

.812 

.812 

.812 

.812 

.727 

27" 

1.50 

1.50 

1.44 

1.44 

1.44 

1.44 

1.44 

1.35 

1.35 

•    •    ■    • 

a      •      •     • 

1.43 

30" 

1.75 

1.75 

1.76 

1.76 

1.76 

1.76 

1.76 

1.65 

1.65 

•    •    •   « 

•     •      •     • 

1.73 

33" 

2.15 

2.15 

2.31 

2.31 

2.31 

2.31 

2.31 

2.19 

2.19 

■    •    •    • 

»     •     •     • 

2.25 

36" 

2.25 

2.25 

2.73 

2.73 

2.73 

2.73 

2.73 

2.45 

2.45 

•    •    •    • 

•     •     •     • 

2.56 

Avge. 

— 1917 

price 

Size 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1917 

3" 

.075 

.075 

.075 

.075 

.075 

.075 

.09 

.09 

.09 

.09 

.09 

.082 

4" 

.075 
.12 

.075 
.12 

.075 
.12 

.10 
.135 

.10 
.135 

.10 
.135 

.10 
.135 

.10 
.135 

.090 

5" 

!i2' 

.12' 

!i2" 

.127 

6" 

.12 
.175 

.12 
.175 

.12 
.175 

.15 
.21 

.15 
.21 

.15 
.21 

.15 
.21 

.15 
.21 

.14 

8" 

!i75 

!i7& 

.175 

.191 

10" 

.262 
.338 

.262 
.338 

.262 
.338 

.315 
.405 

.315 
.405 

.315 
.405 

.315 
.405 

.315 
.405 

.295 

12" 

.'338 

!338 

!338 

.368 

15" 

•    •    •    • 

.45 

.45 

.45 

.54 

.54 

.54 

.54 

.54 

.50 

18" 

.625 

.75 

1.00 

.625 

.75 

1.00 

.625 

.75 

1.00 

.75 
.90 
1.20 

.75 
.90 
1.20 

.75 
.90 
1.20 

.75 
.90 
1.20 

.75 
.90 
1.20 

.703 

20" 

.84 

22" 

•    •    •    • 

1.12 

24" 
27" 

1.35 

i.35 

i.'ss 

1.  12 

1.  12 

1.12 

1.35 

1.35 

1.35 

1.35 

1.35 

1.29 

•      a      •      • 

30" 

•      •     •     • 

33" 

.... 

■      a      ■      • 

•    ■    •    • 

•     •     •     • 

36" 

3.50 

3!  50 

3.56 

.    . 

■    ■    •    • 

.... 

•    •    •    ■ 

3.50 
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Table  XXXXl.^Continued 

Arn. 

1918 


Sue  Jan.   Feb.    Mar.  Apr.  May  June  July  Auc.  Sept.  Oct.    Nov.  Dec.    1916 

3"  .09     .09     .09     .09     .09     .10     .10     .  125  .  125  .  125  .  125  .  125  .  106 

4"  .10     .10     .10     .10     .10     .10     .10     .  125  .  125  .  125  .  125  .  125  .  11 

5"  . 135  . 135  . 135  . 135  . 135  . 15     .15     . 175  .  175  .  175  .  175  .  175  . 154 

6"  .15     .15     .15     .15     .15     .15     .15     .175  .175  .175  .175  .175  .160 

8"  .21     .21     .21     .21     .21     .21     .21     .25     .25     .25     .25     .25     .23 

10"  .315  .315  .315  .315  .315  .315  .315  .375  .375  .375  .375  .875  .34 

12"  .405  .405  .405  .405  .405  .405  .405  .475  .475  .475  .475  .475  .48 

15"  .54     .54     .54     .54     .54     .54     .54     .63     .63     .63     .63     .63     .57 

18"  .75     .75     .75     .75     .75     .87ii  .875  1.00  1.00  1.00  1.00  1.00  .875 

20"  .90     .90     .90     .90     .90     1.05  1.05  1.20  1.20  1.20  1.20  1.20  .105 

22"  1.20  1.20  1.20  1.20  1.20  1.40  1.40  1.60  1.60  1.60  1.60  1.60  1.40 

24"  1.35  1.35  1.35  1.35  1.35  1.58  1.58  1.80  1.80  1.80  1.80  1.80  1.58 

27"  2.  25  2.  25  2. 75  2. 75  2. 75  2. 75  2. 75  2. 60 

30"  2.75  2.75  3.45  3.45  3.45  8.45  3.45  3.25 

33"  3.25  3.25  4.00  4.00  4.00  4.00  4.00  3.78 

36"  3.  75  3.  75  4. 35  4. 35  4. 35  4. 35  4. 35  4. 18 


-\vfe. 
1919 priw 

Sise   Jan.    Feb.    Mar.  Apr.  May  June  July    Aug.  Sept.  Oct.    Nov.  Dec.    1919 

3"  .12rt  .125  .125  .125  .125  .09     .09     .09     .09     .  105  .  12 

4"  .125  .125  .125  .125  .125  .09     .09     .09     .09     .105  .12 

5"  .175  .175  .175  .175  .175  .135  .135  .135  .135  .158  .18 

6"  .  175  .  175  .  175  .  175  .  175  .  135  .135  .135  .  135  .158  .18 

8"  .25  .25  .25  .25  .25  .21   .21   .21   .21  .245  .28 

10"  .375  .375  .375  .375  .375  .315  .315  .315  .315  .368  .42 

12"  .475  .475  .475  .475  .475  .405  .405  .405  .405  .472  .54 

15"  .63  .63  .63  .63  .63  .54  .54  .54  .54  .63  .72 

18"  1.00  1.00  1.00  1.00  1.00  .875  .875  .875  .876  1.00  .875  .875  .938 

20"  1.20  1.20  1.20  1.20  1.20  1.05  1.05  1.05  1.05  1.20  1.05  1.05  1.12 

22"  1.60  1.60  1.60  1.60  1.60  1.40  1.40  1.40  1.40  1.60  1.40  1.40  1.50 

24"  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80 

27"  2.  75  2.  75  2.  75  2.  75  2.  75  2.  75  2.  75  2.  75  2. 75  2. 75  2. 75  2. 75  2.  75 

30"  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  8.45  3.45 

33"  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00 

36"  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35 


.12 

.111 

.12 

.111 

.18 

.161 

.18 

.161 

.28 

.241 

.42 

.362 

.54 

.462 

.72 

.615 

-\v]fe. 


Sise 

Jan.   Fob.    Mar. 

.\pr. 

1»- 

May  June 

July 

.\ug. 

Sept. 

pnce 

Oct.    Nov.  Dec    1920 

3" 

. 12     . 135  .  15 

.15 

. 15     . 15 

.15 

.15 

.15 

.15     .15     .15     .146 

4" 

.12     .135  .15 

.15 

.  15     . 15 

.15 

.15 

.15 

.15     .15     .15     .146 

5" 

.18     .202  .225 

.225 

.225  .225 

.225 

.225 

.225 

.225  .225  .225  .219 

6" 

.18     .202   .225 

.225 

.225  .225 

.  225 

.225 

.225 

.225  .225  .225  .219 

8" 

.28     .315  .35 

.35 

. 35     .  35 

.35 

.35 

.35 

.35     .35     .85     .841 

10" 

.42     .472   .525 

.  525 

.525   .525 

.  525 

.  525 

.  525 

.525  .525  .525  .512 

12" 

.54     .608  .625 

.  625 

.625  .625 

.625 

.625 

.625 

.625  .625  .625  .617 

15" 

.72     .81      .90 

.90 

.90     .90 

.90 

.90 

.90 

.90     .90     .90     .89 

18" 

.875  1.22  1.25 

1.25 

1.25  1,25 

1.25 

1.25 

1.25 

1.25  1.25  1.25  1.21 

20" 

1.05  1.35  1.50 

1.50 

1.50  1.50 

1.50 

1.50 

1.50 

1.50  1.50  1.50  1.45 

22" 

1.40  1.80  2.00 

2.00 

2.00  2.00 

2.00 

2.00 

2.00 

2.00  2.00  2.00  2.27 

24" 

1.80  1.92  2.25 

2.25 

2.25  2.25 

2.25 

2.25 

2.25 

2.25  2.25  2.25  2.18 

27" 

2.  75  3.  25  3. 50 

3.50 

3.50  3.50 

3.50 

3.50 

3.50 

3.50  3.50  3.50  3.42 

30" 

3.45  3.75  4.00 

4.00 

4.00  4.00 

4.00 

4.00 

4.00 

4.00  4.00  4.00  3.89 

33" 

4.00  4.50  4.75 

4.75 

4.75  4.75 

4.75 

4.75 

4.75 

4.75  4.75  4.75  4.67 

36" 

4.35  5.10  5..')0 

5.50 

5.50  5.50 

5.50 

5.50 

5.  .W  6.  50  5.  50  5. 50  5. 87 

PRICES  AND  WAGES 


03 


Tabu  XXXVI.— CofUmtfcd 


8iM 

Jan. 

Feb. 

Mar. 

Apr. 

ii 

May 

June 

July 

Aug. 

3" 

15 

.16 

.16 

.16 

.15 

.136 

.136 

.135 

4" 

16 

.16 

.16 

.16 

.15 

.136 

.135 

.136 

5" 

226 

.226 

.226 

.226 

.25 

.202 

.202 

.202 

6" 

226 

.226 

.226 

.225 

.226 

.202 

.202 

.202 

8" 

85 

.36 

.35 

.35 

.35 

.315 

.316 

.816 

10" 

626 

.626 

.626 

.626 

.526 

.472 

.472 

.472 

12" 

626 

.626 

.625 

.625 

.625 

.606 

.606 

.607 

15" 

90 

.90 
1.26 

.00 
1.25 

.90 
1.26 

.90 
1.25 

.81 
1.12 

.81 
1.12 

.81 

18" 

1.26 

1.12 

20" 

1.60 

1.60 

1.50 

1.50 

1.50 

1.36 

1.35 

1.35 

22" 

2.00 

2.00 

2.00 

2.00 

2.00 

1.80 

1.80 

1.80 

24" 

2. 26 

2.25 

2.25 

2.25 

2.25 

2.02 

2.02 

2.02 

27" 

3.60 

4.50 

4.50 

4.50 

4.50 

3.75 

3.75 

3.76 

30"       

4.00 

5.50 
6.75 

5.50 
6.75 

6.50 
6.75 

5.50 
6.75 

4.75 
5.50 

4.76 
5.60 

4.76 

33" 

4.75 

6.50 

36" 

5.50 

7.00 

7.00 

7.00 

7.00 

6.00 

6. 00 

6.00 

Copper,  Spelter,  Lead,  Tin  and  Sheet  Steel  Prkes.— Tables  XXXVII  to 
XLIII,  inc.  are  given  in  the  Annual  Reyiew  Section  of  The  Iron  Age.  Jan.  6, 
1921.  The  prices  are  the  computed  monthly  averages  of  the  prices  of  cap- 
loads,  at  New  York,  for  metals  and  at  Pittsburgh  for  tin  plate  and  No.  28 
galvanized  and  black  sheets,  given  in  the  metal  market  reports  of  the  Iron 
Age  week  by  week. 
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Table  XXXVII. — Lakb  Coppeb. 

1900     1901     1902     1903  1904     1905     1906     1907     1908     1909 

Jan 16.21   16.90  11.45  12.13  12.62  15.18  18.78  24.41   13.90  14.56 

Feb 16.25  16.97  12.47  12.80  12.34  15.25  17.94  25.10  13.13  13.37 

March...      16.41   17.00  12.12  14.31  12.60  15.25  18.50  23.38  12.85  12.90 

April 17.00  17.00  11.97  14.85  13.19  15.18  18.62  24.62  13  09  12.94 

Iday 16.80  17.00  12.10  14.75  13.28  15.00  18.70  24.10  12.88  13.21 

June 16.31  17.00  12.23  14.56  12.74  15.00  18.69  23.94  13.00  13.50 

July 16.31  16.97  11.94  13.73  12.62  15.03  18.47  21.95  13.00  13.34 

Aug 16.55  16.50  11.59  13.35  12.50  16.07  18.65  18.94  13.71  13.66 

Sept 16.75  16.50  11.60  13.58  12.67  16.12  19.31  16.41  13.80  13.60 

Oct 16.73  16.71  11.71  13.42  13.09  16.62  21.81  13.80  13.81  13.19 

Nov 16.75  16.82  11.44  13.25  14.22  16.90  22  50  13.94  14  44  13.44 

Dec 16.87  14.71   11.61   12.30  14.87  18.75  23.06  13.48  14.53  13.80 


. 

Table 

XXX 

VIII- 

-Spelter,  at 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

Jan 

.   4.55 

4.08 

4.28 

4.82/ 

4.95 

6.17 

6.48 

6.90 

4.64 

6.15 

Feb 

,   4.69 

3.94 

4.18 

5.00 

4.95 

6.12 

6.09 

7.00 

4.78 

4  99 

March ... 

.   4.60 

3.89 

4.29 

5.36 

5.05 

6.06 

5.96 

6.92 

4.76 

4.81 

April 

May 

.  4.71 

3.94 

4.41 

5.65 

5.22 

5.97 

6.05 

6.81 

4.68 

4  94 

4.52 

3.97 

4.50 

5.75 

5.14 

5.56 

5.95 

6.61 

4.60 

5.12 

June 

4.27 

3.95 

4.88 

6.00 

4.79 

5.32 

6.14 

6.45 

4.56 

6  39 

July 

.   4.24 

3.90 

5.23 

5.95 

4.85 

5.38 

5.98 

6.15 

4.46 

5.36 

Aug 

.  4.17 

3.92 

5.46 

5.94 

4.85 

5.66 

6.06 

6.71 

4.71 

6.74 

Sept 

,   4.10 

4.02 

5.45 

6.00 

5.06 

5.83 

6.19 

6.28 

4.76 

6  86 

Oct 

4.10 

4.20 

5.48 

6.05 

5.17 

6.05 

6.18 

5.45 

4.81 

6.09 

Nov 

.    4.20 

4.32 

5.29 

5.68 

5.49 

6.17 

6.36 

5.10 

5.03 

6.32 

Dec 

4.19 

4.35 

4.91 

5.15 

5.80 

6  50 

6  62 

4  39 

5.17 

6.35 

Table  XXXIX. — Lead,  at 


1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1808 

1909 

Jan 

. .   4.70 

4.37 

4.02 

4.10 

4.39 

4.56 

5.86 

6.30 

3  73 

4.19 

Feb 

.  .   4.70 

4.37 

4.10 

4.10 

4.40 

4.50 

5.56 

6.31 

3.75 

4.07 

March.  . 

.  .   4.70 

4.37 

4.10 

4.44 

4.50 

4.45 

5.35 

6.31 

3.88 

4.02 

April 

May 

..  4.70 

4.37 

4.10 

4.59 

4.50 

4  50 

5.39 

6.16 

4.02 

4.19 

..    4.22 

4.37 

4.10 

4.37 

4.48 

4.50 

5.90 

6.02 

4.26 

4.32 

June 

..    3.90 

4.37 

4.10 

4.25 

4.22 

4.51 

5.94 

5.75 

4.45 

4.36 

July.... 

.  .   4.03 

4.37 

4.10 

4.12 

4.17 

4.56 

5  80 

5.24 

4  60 

4.36 

Aug 

..   4.26 

4.37 

4.10 

4.12 

4.15 

4.64 

5.78 

5.12 

4.59 

4.36 

Sept.. . . 

..    4.36 

4.37 

4.10 

4.26 

4.20 

4.85 

5.92 

4.84 

4.54 

4.39 

Oct 

.      4.37 

4.37 

4.10 

4.40 

4.20 

5.07 

5.94 

4.64 

4.34 

4.39 

Nov. . . . 

.  .    4.37 

4.37 

4.10 

4.25 

4.51 

5.48 

5.97 

4.45 

4.39 

4.40 

Dec 

..    4.37 

4.19 

4.10 

4.19 

4.60 

5  96 

6.19 

3.76 

4.24 

4.66 

Table  XL. — Tin,  at  New 

1900     1901     1902     1903     1904     1905     1906     1907     1908     1909 

Jan 26. 00  26. 60  23. 38  27.  76  28. 75  29. 18  36. 36  42. 14  27. 43  28. 19 

Feb 29.71  26.55  24.73  29.14  27.98  29.49  36.48  42.16  28.74  28.44 

March 32.42  25.95  26.16  30.06  26.19  29.21  36.62  41.29  30.46  28.76 

April 30.85  25.94  27.29  29.69  27.99  30.43  38.86  40.84  31.79  29.36 

May 29.25  26.82  29.26  39.26  27.76  30.04  43.08  43.01  29.84  29.07 

June 30.00  28.22  29.29  28.30  26.14  30.36  38.97  42.65  28.18  29.26 

July 32.76  27.41  28.28  27.60  26.28  31.71  37.18  41.15  28.92  29.06 

Aug 31.13  26.90  28.14  28.00  26.74  32.85  39.90  37.35  29.99  29.96 

Sept 29.63  25.04  26.55  27.06  27.27  32.21  40.32  37.22  28.91  30.00 

Oct 28.46  24.62  25.76  25.83  28.53  32.47  42.90  32.33  29.44  30.41 

Nov 28.  10  27.  47  25. 43  25.  35  29.  00  33.  46  42.  70  30.  81  30. 43  30.  74 

Dec 26.84  24.39  25.33  27.53  29.27  35.84  42.62  27.92  29.13  32.91 


PRICES  AND  WAOES  96 

AT  Nbw  York,  Cbntb  pbr  Pound 

1910     1911  1912     1913     1914     1915     1916     1917     1918       1919  1920 

14.00  12.81  14.50  16.98  14.85  14.02  24.39  29.73  23.50  20.48  19.52 

13.78  12.75  14.41   15.55  15.00  16.21  26.85  34.90  23.50  17.86  19.  25>^ 

13.75  12.58  14.88  15.05  14.79  15.75  27.10  35.85  23.50  15. 46H  18.67 

13.31   12.41  16.00  15.67  14.75  18.90  28.27  31.67  23.50  15.55  19.36 

13.06  12.33  16.30  15.91  14.40  21.00  28.88  31.42  23.50  16.18  19.05 

12.88  12.71  17.53  15.42  14.1?  23.38  27.82  32.46  23.50  17.96  19.00 

12.66  12.78  17.54  14.78  13.70  21.98  25.84  28.78  25.80  22.07  19.00 

12.93  12.75  17.73  15.86  12.86  19.33  26.95  27.24  26.00  23.16  19.00 

12.81  12.65  17.77  16.77  12.66  17.97  28.03  24.90  26.00  22.68  18.70 

12.84  12.53  17.80  16.85  11.73  17.89  28.48  23.50  26.00  22.13  16.56 

12.98  12.80  17.70  16.16  12.00  18.92  32.32  23.50  26.00  20.69  14.67 

13.00  13.84  17.69  14.88  13.35  20.24  33.38  23.50  25.40  18.90  13.90 


New  Yobk,  Cents  per  Pound 


1910 

1911  1912 

1913 

1914 

1915 

1916 

1917     1918 

1919 

1920 

6.26 

5.55  6.52 

7.16 

5.29 

6.59 

18.19 

9.94  7.88 

7.38 

9.62 

5.89 

5.  56  6.  71 

6.45 

5.40 

8.84 

20.13 

10.48  7.99 

6.70 

9.14 

5.72 

5.65  6.98 

6.26 

6.28 

9.29 

18.40 

10.77  7.64 

6.52 

8.92H 

5.60 

5.51  6.86 

5.77 

6.18 

11.22 

18.68 

9.85  7.01 

6.51 

8.63 

5.20 

6.50  6.86 

5.47 

6.06 

16.14 

16.86 

9.46  7.32 

6.46 

8.08 

5.19 

5.63  6.99 

5.18 

6.09 

22.18 

12.75 

9.62  8.01 

6.93 

7.92 

5.20 

5.79  7.26 

6.38 

6.02 

20.68 

9.83 

8.95  8.69 

7.90 

8.18 

5.26 

6.04  7.19 

5.75 

6.60 

14.11 

8.98 

8.69  8.96 

7.84 

8.31 

5.53 

6. 03  7. 53 

5.82 

6.60 

14.16 

8.22 

8.34  9.60 

7.57 

7.82 

5.69 

6.20  7.57 

6.42 

4.97 

13.96 

9.98 

8.24  9.11 

7.83 

7.51 

5.95 

6.  60  7.  48 

6.29 

5.12 

17.15 

11.90 

7.95  8.70 

8.14 

6.84 

5.80 

6.44  7.33 

5.18 

5.71 

16.69 

11.13 

7.84  8.45 

8.59 

6.00 

New  York,  Cents  per  Pound 
1910      1911     1912     1913     1914     1915     1916     1917     1918     1919         1920 


4.70 

4.60  4.41 

4.36 

4.11 

3.74 

5.93 

7.69  6.87 

5.56 

8.67 

4.63 

4.46  4.00 

4.35 

4.06 

3.82 

6.23 

9.13  7.04 

5.05 

8.88 

4.51 

4.41  4.08 

4.35 

3.97 

4.04 

7.43 

9.47  7.24 

5.23 

9.20H 

4.40 

4.44  4.20 

4.40 

3.82 

4.20 

7.73 

9.43  6.95 

5.03 

8.95 

4.37 

4.40  4.20 

4.37 

3.90 

4.25 

7.45 

11.00  6.88 

5.05 

8.55 

4.38 

4.46  4.50 

4.35 

3.90 

5.89 

6.87 

11.68  7.55 

5.  S3H 

8.47>^ 

4.40 

4.  50  4.  67 

4.37 

3.90 

5.69 

6.34 

10.72  8.04 

6.65 

8.67 

4.40 

4.50  4.54 

4.64 

3.87 

4.68 

6.26 

10.72  8.05 

5.77 

8.98 

4.40 

4.49  5.04 

4.73 

3.86 

4.62 

6.88 

8.84  8.05 

6.12 

8.11 

4.40 

4.31  6.06 

4.52 

3.62 

4.60 

7.00 

6.77  8.05 

6.45 

7.24 

4.44 

4.31  4.66 

4.33 

3.68 

5.16 

7.13 

6.44  8.05 

6.76 

6.33 

4.50 

4.45  4.32 

4.06 

3.80 

5.33 

7.60 

6.48  6.71 

7.03 

4.37 

York,  Cents  per  Pound 

1910  1911     1912     1913     1914     1915     1916     1917  1918       1919       1920 

32. 61  41.  20  44. 58  60. 34  39. 12  34. 13  41. 76  44. 10  85. 13  71. 50  62. 74 

32.65  43.34  43.56  48.7139.82  37.25  42.60  51.47  85.00  72.45  59.87 

32.51  41.10  42.76  46.93  38.03  48.73  50.53  58.38  85.00  72.  50  61.  92^ 

32.83  42.05  43.64  49.04  36.10  47.64  51.5155.82  88.53  72.50  62.12 

33.05  43.32  45.98  49.06  33.21  38.79  49.14  63.21  100.00  72.50  54.99 

32.79  46.25  47.44  45.01  30.60  40.26  42.07  61.93  91.00  71.83  48.  33H 

32.99  43.23  44.70  41.32  35.65  37.38  38.25  62.61  93.00  70.1149.29 

83.92  43.38  45.86  41.63  48.34  34.37  38.88  62.53  91.33  62.20  47.60 

35.17  39.69  49.16  42.63  31.13  33.13  38.65  61.54  80.40  59.79  44.43 

36.76  41.23  50.07  40.38  30.25  33.05  41.10  62.24  78.82  54.82  40.47 

87.88  43.08  49.87  39.75  33.28  39.50  44.12  74.18  73.67  54.17  36.97 

18.21  45.03  49.86  37.12  34.01  38.53  42.66  84.74  71.51  63.80  34.04 
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Table  XLI. — Tin  Platb,  at 


1900 

Jan 4.65 

Feb 4.65 

March 4.65 

April 4.65 

^lay 4.65 

June 4.  65 

July 4.65 

Aug 4.  65 

Sept 4.50 

Oct 4.00 

Nov 4.00 

Dec 4.00 


1901   1902  1903 


4 
4 
4 
4 
4 
4. 
4, 
4. 


00 
00 
00 
00 
00 
00 
00 
00 


4.00 
4.00 
4.00 
4.00 


4 
4 
4 
4 
4 
4, 
4, 
4, 
4 
4 
3. 


00 
00 
,00 
00 
00 
00 
00 
00 
00 
00 
65 


3.60 


3.60 
3.60 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.50 
3.60 


1904 

3.56 
3.45 
3.45 
3.45 
3.45 
3.45 
3.41 
30 
30 
30 
39 
47 


1905     1906     1907 


3.55 
3.55 
55 
55 
55 
55 
55 
55 
55 
34 
34 
40 


3.47 
3.50 
3.50 
3.57 
3.66 
3.75 
3.75 
3.75 
3.75 
3.75 
3.90 
3.90 


3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
90 
90 
90 
90 


1908 

3.74 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 


1909 

3.70 
8.70 
3.53 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.50 
3.56 
3.60 


Table  XLII. — No.  28  Black  Shbbts, 


1900 

Jan 2.97K 

Feb 3.03 

March 3.10 

April 3.20 

May 3.20 

June 3.05 

July 3.  14K 

Aug 2.98 

Sept 2.93K 

Oct 2.90 

Nov 2.89 

Dec 2.96 


1901 

1902 

1903 

1904 

1905  1906  1907  1908  1909 

2.90 

3.071^ 

2.75 

2.29 

2.30  2.40  2.60  2.52  2.50 

2.93K 
3.22H 

3.10 

2.75 

2.27M 

2.30  2.40  2.60  2.50  2.50 

3.10 

2.75 

2.27 

2.34  2.38  2.60  2:50  2.25 

3.35 

3. 12H 

2.75 

2.25 

2.40  2.35  2.60  2.50  2.S0 

3.30 

3.10 

2.75 

2.20 

2.40  2.35  2.60  2.50  2.20 

3.30 

3.05 

2.75 

2.16 

2.30  2.50  2.60  2.50  2.S0 

3.10 

3.00 

2.73^ 

2.10 

2.26  2.50  2.60  2.50  2.30 

3.41 

3.05 

2.70 

2.10 

2.26  2.50  2.60  2.50  2.20 

3.77K 

2.97H 

2.65 

2.10 

2.25  2.50  2.60  2.50  3.26 

3.23 

2.79 

2.62 

2.10 

2.25  2.50  2.60  2.50  2.30 

3.10 

2.75 

2.49 

2.12M 

2.27  2.60  2.60  2.50  2.30 

3.10 

2.75 

2.32 

2.22 

2.30  2.60  2.60  2.50  2.40 

Table  XLIII. — Average  Prices  of  No.  28  Galvanusd 


1900 

Jan 3.83 

Feb 4.09 

March 4.32 

April 4.78 

May 4.  66 

June 4.  59 

July 4.53 

Aug 4.43 

Sept 4.33 

Oct 4.25 

Nov 4.  16 

Dec 4 .  36 


1901     1902     1903     1904     1905     1906     1907 


4.36 
4.36 
4.84 
4.84 
4.74 
4.59 
4.48 
4.74 
4.73 
4.55 
4.84 
4.84 


4.64 
4.36 
4.36 
4.36 


4. 
4. 
4. 
4. 
3. 
3. 
3. 
3. 


36 
23 
26 
18 
99 
87 
85 
78 


3.70 
3.70 
78 
89 
88 
81 
73 
3.66 
3.66 
3.73 
3.51 
3.40 


3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 


36 
25 
23 
23 
23 
18 
14 
14 
14 
14 


3.23 
3.31 


3.35 
3.40 
3.45 
3.45 
3.45 
3.35 
3.36 
3.32 
3.30 
3.30 
3.32 
3.35 


3.45 
3.45 
3.43 
3.40 
3.40 
3.55 
3.55 
3.55 
3.55 
3.58 
3.65 
3.65 


3.67 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 


1908 

3.59 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 
3.55 


1009 

3.65 
3.51 
8.26 
3.25 
8.25 
3.25 
3.26 
8.26 
3.38 
3.86 
8.48 
8.50 


The  highest  prices  realized  for  galvanized  sheets,  aside  from  the  war 
in  1917,  were  obtained  in  April,  1916,  following  the  spectacular  peiformanoM 
of  spelter,  when  prices  of  that  metal  soared  to  an  unprecedented  h^ht.  At 
that  time.  No.  28  galvanized  sheets  sold  up  to  5.30c.  per  lb.,  Pittsbuigh,  or 
higher,  although  the  average  for  the  month  is  placed,  in  the  table,  at  6c.  It 
is  interesting  to  know  that  in  1901,  in  a  period  of  great  activity  in  the  ateal 
trade,  No.  28  galvanized  sheets  were  regularly  quoted  at  5.10c.,  Flttsburgh,  fat 
two  weeks,  namely,  the  first  half  of  September. 

In  making  up  the  above  table  of  prices  the  compiler  has  used  tor  JtamaXf, 


PRICES  AND  WAGES 


97 


P1TT8BUBGH,    DOLLABS   PER   BoX 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

3.60 

3.60 

3.40 

3.60 

3.32 

3.10 

3.75 

7.00 

7.75 

7.36 

7.00 

3.60 

3.67 

3.35 

3.60 

2.29 

3.10 

3.96 

7.38 

7.75 

7.35 

7.00 

3.60 

3.70 

3.30 

3.60 

3.30 

3.25 

4.19 

8.00 

7.75 

7.26 

7.00 

3.60 

3.70 

3.30 

3.60 

3.30 

3.25 

4.50 

8.00 

7.75 

7.00 

7.00 

3.60 

3.70 

3.33 

3.60 

3.30 

3.15 

5.30 

8.40 

7.75 

7.00 

7.00 

3.60 

3.70 

3.40 

3.60 

3.30 

3.11 

5.81 

10.50 

7.75 

7.00 

7.00 

3.60 

3.70 

3.43 

3.60 

3.27 

3.10 

6.00 

12.00 

7.75 

7.00 

7.50 

3.60 

3.70 

3.50 

3.55 

3.41 

3.10 

5.95 

11.40 

7.75 

7.00 

9.00 

3.60 

3.67 

3.58 

3.50 

3.35 

3.15 

5.75 

12.00 

7.75 

7.00 

9.00 

3.60 

3.52 

3.60 

3.50 

3.24 

3.15 

5.81 

7.75 

7.00 

8.33 

3.60 

3.40 

3.60 

3.40 

3.15 

3.28 

5.97 

■7!  75 

7.75 

7.00 

7.50 

3.60 

3.40 

3.60 

3.40 

3.13 

3.52 

6.63 

7.75 

7.55 

7.00 

7.00 

AT   PlTTSBUBQH,    CbNTS    PEB    PoUND 


1910 

1911 

1912 

1913 

.1914 

1915 

1916 

1917 

1918 

1919 

1920 

2.40 

2.20 

1.90 

2.31 

1.87 

1.80 

2.60 

4.50 

5.00 

4.70 

4.47H 

2.40 

2.20 

1.87 

2.35 

1.95 

1.80 

2.60 

4.69 

5.00 

4.70 

5.00 

2.40 

2.20 

1.80 

2.35 

1.95 

1.80 

2.71 

4.94 

5.00 

4.61 

5.50 

2.40 

2.20 

1.86 

2.35 

1.91 

1.80 

2.85 

5.75 

5.00 

4.35 

5.50 

2.40 

2.20 

1.90 

2.30 

1.85 

1.79 

2.89 

7.00 

5.00 

4.35 

5.50 

2.40 

2.00 

1.90 

2.27 

1.81 

1.75 

2.90 

7.88 

5.00 

4.35 

5.50 

2.23^ 

2.00 

1.95 

2.25 

1.80 

1.75 

2.90 

8.50 

5.00 

4.35 

6.75 

2.21 

1.99 

2.02 

2.21 

1.86 

1.85 

2,90 

8.50 

5.00 

4.35 

7  50 

2.15 

1.91 

2.07 

2.14 

1.95 

1.90 

2.93 

8.50 

5.00 

4.35 

7.37H 

2.20 

1.85 

2.21 

2.04 

1.94 

2.03 

3.23 

5.05 

4.35 

6.69 

2.20 

1.85 

2.25 

1.97 

1.87 

2.25 

3.65 

5.06" 

5.00 

4.35 

5.77 

2.19 

1.83^ 

2.25 

1.89 

1.82 

2.50 

4.31 

5.00 

4.85 

4.35 

4.35 

Sheets,  at  Pittsbubgh  in  Cents  peb  Pound 
1910       1911     1912     1913     1914     1915     1916 


3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.39 
3.30 
3.21 
3.20 
3.20 
3.19 


3.20 
3.20 
3.20 
3.20 
3.20 
3.00 
3.00 
2.99 
2.93 
2.85 
2.85 
2.89 


2.90 
2.87 
2.80 
2.86 
2.90 
2.90 
3.00 
3.12 
3.21 
3.36 
3.40 
3.40 


3.46 
3.50 
3.50 
3.50 
3.42 
3.38 
3.33 
3.24 
3.16 
3.08 
2.98 
2.90 


2.87 
2.95 
2.95 
2.91 
2.80 
2.75 
2.75 
2.85 
2.95 
2.95 
2.88 
2.78 


2.79 
3.16 
3.40 
3.29 
3.50 
4.28 
4.40 
3.71 
3.56 
3.50 
3.89 
4.75 


75 
75 
75 
00 
94 
69 
38 
21 
18 
41 
5.18 
6.00 


1917 

6.25 
6.38 
6.69 
7.00 
8.20 
9.50 
10.00 
10.00 
9.75 

'  e!  25 
6.25 


1918     1919 


6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.25 
6.15 


6.05 
6.05 
96 
70 
70 
70 
70 
70 
5.70 
5.70 
5.70 
5.70 


5. 
5. 
5. 
5. 
5. 
5. 


1920 

5.  32H 

6.50 

7.00 

7.00 

7.00 

7.00 

8.25 

9.00 

8.  S7H 

8.81 

7.04 

5.70 


February  and  March,  1919,  up  to  March  21,  the  prices  in  effect  to  the  latter 
date,  and  then  used  the  5.70c.  price  in  effect  all  through  the  year  from  March 
21.  Preniiums  were  paid  during  late  November  and  all  of  December,  but 
premiums  have  not  been  recorded  .above,  as  a  large  percentage  of  the  sheets 
wld  in  1919  were  at  the  prices  named  in  the  table. 

Pig  Iron  Steel,  and  Rail  Prices  for  Twenty-one  Years. — Tables  XLIV  to 
LV,  inc.,  published  in  the  Annual  Review  Section  of  the  Iron  Age,  Jan.  6, 
1921,  give  the  monthly  average  prices  computed  from  the  weekly  market 
quotations  of  the  Iron  Age. 
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Table  XLIV. — Besssmbb  Piq  Ibon  at  Pimh 

1900      1901      1902  1903      1904     1905      1906      1907      1908  1909 

Jan 124.99  $13.15  $16.70  $22.15  $13.91  $16.85  $18.35  $23.15  $19.00  $17.34 

Feb 24.80    14.43    16.93  21.45    13.66    16.41    18.35    22.85    17.90  16.78 

March 24.72    16.31    17.37  21.85    14.25    16.35    18.28    22.85    17.86  16.25 

April 24.70    16.75    18.75  21.28    14.18    16.35    18.19    23.35    17.49  15.78 

May 21.00    16.30    20.75  20.01    13.60    16.16    18.10    24.01    16.93  15.84 

June 19.72    16.00    21.56  19.72    12.81    16.65    18.23    24.27    16.90  16.05 

July 16.75    16.00    21.60  18.89    12.40    14.85    18.41    23.55    16.83  16.46 

Aug 15.60    15.75    21.62  18.35    12.81    15.20    19.00    22.90    16.23  17.03 

Sept 13.87    15.75    21.75  17.22    12.63    15.91    19.54    22.90    15.90  18.05 

Oct 13.06    15.89    21.75  16.05    13.10    16.54    20.35    22.00    15.71  19.53 

Nov 13.48    16.00    21.68  15.18    14.85    17.85    22.85    20.65    16.59  19.90 

Dec 13.43    16.31    21.75  14.40    16.65    18.35    23.75    19.34    17.40  19.90 


Tablk  XLV. — Besskmbb  Steel  Billets  at 

1900  1901  1902  1903  1904      1905  1906  1907  1908  1909 

Jan $34.50  $19.75  $27.50  $29.60  $23.00  $22.75  $26.25  $29.40  $28.00  $25.00 

Feb 34.87  20.21  29.37  29.87  23.00    23.50  26.50  29.50  28.00  25.00 

March 33.00  22.88  31.25  30.62  23.00    24.00  26.70  29.00  28.00  23.00 

April 32.00  24.00  31.50  30.25  23.00    24.00  27.00  30.12  28.00  23.00 

May 28.90  24.00  32.20  30.37  23.00    23.50  26.40  30.30  28.00  23.00 

June 27.25  24.38  32.37  28.87  23.00    22.00  26.63  29.62  25.76  23.00 

July 21.00  24.00  31.75  27.60  23.00    22.00  27.25  30.00  25.00  23.60 

Aug 18.20  24.20  31.06  27.00  23.00    24.00  27.80  29.25  25.00  24.13 

Sept 16.93  24.88  29.50  27.00  20.00    25.00  28.00  29.37  25.00  25.00 

Oct 16.50  26.70  29.70  27.00  19.50    25.62  28.00  28.20  25.00  26.25 

Nov 18.95  27.00  28.60  24.00  20.25    26.00  28.88  28.00  25.00  27.13 

Dec 19.75  27.50  29.12  23.00  21.20    26.00  29.50  28.00  25.00  27.50 


Table  XLVI. — Southebn  No.  2  Foundbt  Pio 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1900 

Jan $20.69  $13.45  $14.55  $21.65  $12.37  $16.25  $16.75  $26.00  $16.15  $16.25 

Feb 20.50  13.12  14.75  21.50  12.12  16.25  16.75  26.00  15.75  16.18 

March 20.30  14.00  14.75  21.37  12.10  16.25  16.65  26.00  15.50  15.06 

April 20.19  14.50  16.87  20.15  12.50  16.25  16.63  25.06  15.20  14.25 

May 19.75  13.85  18.35  18.87  12.25  15.81  16.75  24.25  14.75  14.60 

June 18.75  13.37  20.19  17.75  11.80  14.65  16.44  24.10  15.26  14.70 

July 16.81  13.00  20.75  16.15  11.81  13.94  16.06  23.85  15.00  16.75 

Aug 14.25  13.00  23.06  15.19  12.00  14.40  17.30  23.00  15.26  16.88 

Sept 13.62  13.06  25.00  14.75  12.00  14.37  18.69  21.50  15.66  17.36 

Oct 12.87  13.75  25.65  13.50  12.81  15.31  20.00  20.96  15.76  17.88 

Nov 12.95  14.00  23.62  12.00  15.19  16.60  23.38  19.50  16.00  17.76 

Dec 13.75  14.25  22.44  12.05  15.85  16.75  25.00  17.00  16.26  17.46 


Tablk  XLVII. — ^Local  No.  2  Foundbt  Pio  Ibon  at 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan. $23.85  $15.10  $16.25  $23.45  $14.47  $17.85  $19.60  $25.85  $18.46  $17.36 

Feb 23.85  14.60  16.85  23.35  13.91  17.85  19.41  26.86  18.16  16.75 

March 23.85  15.60  18.51  23.22  14.05  17.80  19.35  26.10  17.86  16.60 

April 23.72  15.86  18.97  22.87  14.35  17.60  19.10  26.35  17.73  16.60 

May 22.65  15.85  20.85  20.72  13.85  17.60  18.90  26.86  17.63  16.50 

June 20.72  15.35  21.85  19.85  13.70  17.00  18.54  26.60  17.73  16.50 

July 18.60  15.35  21.60  18.25  13.60  16.47  18.60  26.56  17.66  17.00 

Aug 16.25  15.35  22.10  17.22  13.60  16.60  19.46  24.85  17.35  17.13 

Sept 15.35  15.35  23.35  16.41  13.85  16.60  20.16  24.10  17.05  18.70 

Oct 14.85  15.10  23.35  15.70  14.10  17.66  21.48  22.46  16.86  19.00 

Nov 14.85  15.23  23.35  15.10  15.98  19.15  24.70  20.66  17.10  19.00 

Dec 15.10  15.85  23.35  14.81  16.95  19.60  25.86  18.80  17.36  19.00 
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BUBOH,  Dollars  pkb  Gross  Ton  (2240  Lb.) 
mo      1911      1912      1913      1914       1915       1916       1917       1918       1919       1920 


119.90 

115.90  915.05  $18.15  $14.96 

$14.59 

$21.58 

$35.95 

$37.25 

$33.60 

$40.00 

19.34 

15.90 

14.90 

18.15 

15.09 

14.55 

21.51 

35.95 

37.25 

33.60 

42.90 

18.00 

15.90 

15.09 

18.15 

15.09 

14.55 

21.75 

37.70 

37.25 

32.54 

43.40 

18.27 

15.90 

15.15 

17.90 

14.90 

14.55 

21.95 

42.20 

36.15 

29.35 

43.60 

17.52 

15.90 

15.13 

17.70 

14.90 

14.59 

21.95 

45.15 

36.15 

29.35 

44.03 

16.60 

15.90 

15.15 

17.14 

14.90 

14.70 

21.95 

54.70 

36.38 

29.35 

44.80 

16.40 

15.90 

15.20 

16.70 

14.90 

14.95 

21.95 

57.45 

36.60 

29.35 

47.15 

16.00 

15.90 

15.46 

16.52 

14.90 

15.95 

21.95 

54.75 

36.60 

29.35 

49.11 

15.90 

15.90 

16.15 

16.65 

14.90 

16.85 

22.26 

48.03 

36.60 

29.35 

50.46 

15.90 

15.44 

17.80 

16.60 

14.84 

16.95 

24.08 

37.25 

36.60 

29.35 

49.16 

15.82 

15.00 

18.02 

16.02 

14.59 

17.51 

30.15 

37.25 

36.60 

31.26 

41.10 

15.90 

15.03 

18.15 

16.77 

14.70 

19.65 

35.68 

37.25 

36.60 

36.65 

36.96 

PiTTSBUBGH,   DOLLARS  PKR  GrOSS    Ton 


1910 

$27.50 
27.50 
27.50 
26.75 
26.12 
25.30 
25.00 
24.62 
24.40 
23.75 
23.30 
23.00 


1911      1912      1913      1914        1915        1916        1917        1918        1919        1920 


$23.00  $20.00  $28.30  $20.13 
23.00    20.00    28.50    21.00 


23.00 
23.00 
22.60 
21.00 
21.00 
21.00 
20.75 
20.00 
19.50 
19.25 


19.75 
20.00 
20.80 
20.87 
21.50 
22.12 
23.62 
26.00 
27.00 
27.00 


28.50 
28.50 
27.37 
26.50 
26.60 
26.00 
24.87 
23.30 
21.00 
20.00 


21.00 
20.80 
20.00 
19.50 
19.00 
20.25 
21.00 
20.00 
19.25 
19.00 


$19.25 
19.50 
19.70 
20.00 
20.00 
20.50 
21.38 
23.13 
24.10 
24.63 
26.50 
30.60 


$32.00 
33.50 
42.40 
45.00 
45.00 
43.50 
41.00 
44.20 
45.00 
46.25 
52.00 
57.50 


$63.00 
65.00 
66.25 
73.75 
86.00 
98.75 

100.00 
86.00 
66.25 
49.38 
47.50 
47.50 


$47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
47.50 
45.50 


$43.50 
43.50 
42.25 
38.50 
38.50 
38.50 
38.50 
38.50 
38.50 
38.50 
41.38 
46.00 


$48.00 
55.25 
60.00 
60.00 
60.00 
61.00 
62.50 
61.00 
58.74 
55.00 
49.70 
43.50 


Iron  at  Cincinnati,  Dollars  per  Gross  Ton 

1910   1911   1912   1913   1914   1915   1916   1917'   1918   1919   1920 
$17.25  $14.25  $13.25  $16.95  $13.88  $12.40  $17.90  $26.10  $35.90  $34.60  $41.80 


17.06 
16.30 
15.37 
15.00 
14.85 
14.75 
14.31 
14.25 
14.25 
14.25 
14.25 


14.25 
14.25 
14.25 
13.95 
13.44 
13.25 
13.45 
13.31 
13.25 
13.20 
13.19 


13.31 
13.50 
13.75 
14.15 
14.25 
14.70 
15.06 
15.87 
16.80 
17.25 
17.25 


16.69 
16.31 
15.65 
14.94 
14.06 
13.75 
14.06 
14.25 
14.35 
13.87 
13.95 


13.81 
14.00 
13.75 
13.75 
13.63 
13.30 
13.25 
13.25 
12.90 
12.90 
12.50 


12.40 
12.27 
12.34 
12.40 
12.50 
12.71 
13.71 
14.15 
14.78 
16.15 
17.10 


17.90 
17.90 
17.90 
17.90 
17.34 
16.90 
16.70 
17.28 
18.03 
22.40 
25.90 


27.53 
31.90 
37.40 
41.90 
45.15 
49.90 
49.90 
49.90 
49.38 
35.90 
35.90 


35.90 
35.90 
35.90 
35.90 
36.08 
36.60 
36.60 
36.60 
37.60 
37.60 
37.60 


34.60 
33.54 
30.35 
29.85 
28.39 
28.35 
30.40 
31.25 
31.60 
34.35 
38.60 


43.60 
43.60 
44.00 
45.60 
45.60 
45.60 
45.78 
46.50 
46.50 
42.50 
41.10 


Chicago  (at  Furnace),  I>)llar8  per. Gross  Ton 
1910      1911      1912      1913       1914        1915        1916       1917        1918        1919        1920 


$19.00 
19.00 
18.30 
17.60 
17.06 
16.75 
16.56 
16.50 
16.40 
16.00 
16.00 
16.00 


$15.50  $14.00  $17.90  $13.75 
15.60    14.00    17.31    14.00 


15.50 
15.00 
15.00 
15.00 
14.87 
14.50 
14.50 
14.46 
14.09 
14.00 


14.00 
14.00 
14.50 
14.50 
14.70 
15.37 
16.00 
17.00 
17.75 
18.00 


17.26 
17.00 
16.00 
15.62 
14.70 
15.00 
15.00 
15.00 
14.87 
14.30 


14.25 
14.25 
14.06 
13.69 
13.75 
13.69 
13.25 
12.94 
12.56 
13.00 


$13.00 
13.00 
12.95 
13.00 
13.00 
13.00 
13.00 
13.44 
13.90 
14.63 
17.13 
18.10 


$18.50 
18.50 
18.70 
19.00 
19.00 
19.00 
19.00 
18.40 
18.13 
19.63 
25.80 
29.60 


$30.00 
32.00 
36.00 
39.25 
43.80 
51.00 
55.00 
55.00 
54.67 
33.00 
33.00 
33.00 


$33.00 
33.00 
33.00 
33.00 
33.00 
33.00 
33.00 
33.00 
33.00 
34.00 
34.00 
34.00 


$31.00 

31.00 
29.94 
26.75 
26.75 
26.75 
26.75 
26.75 
26.75 
27.75 
31.00 
38.75 


$40.00 
42.25 
43.00 
43.00 
43.00 
43.40 
45.25 
46.00 
46.00 
44.50 
39.40 
34.50 
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Table  XL VIII. — Standard  Brands  Eastern  Pbnnstltania  No.  2  X 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan $22.70  $15.50  $16.75  $22.45  $14.69  $17.50  $18.50  $24.80  $18.25  $17.25 

Feb 22.56  15.31  17.19  22.25  14.50  17.50  18.50  25.87  18.25  17.00 

March 22.31  15.12  18.81  22.25  14.80  17.56  18.35  25.00  18.12  16.37 

April 21.75  15.46  19.62  21.87  15.00  17.75  18.44  24.81  17.65  16.20 

May 20.60  15.19  19.75  20.06  14.75  17.81  18.50  25.55  16.94  16.06 

June 18.75  15.06  20.94  19.19  14.50  16.75  18.44  24.62  16.62  16.42 

July 16.37  15.00  22.30  18.10  14.31  16.12  18.25  23.06  16.50  16.50 

Aug 16.15  14.97  22.00  16.87  14.25  16.25  19.00  21.90  16.50  17.00 

Sept 15.56  14.80  22.00  16.12  14.25  16.43  20.44  20.50  16.62  18.05 

Oct 15.00  15.25  22.12  15.20  14.43  17.25  21.12  19.85  16.75  18.69 

Nov 15.35  15.37  23.37  15.00  15.75  18.05  23.30  18.94  17.00  19.00 

Dec 15.62  15.75  23.00  15.00  16.90  18.25  24.00  18.84  17.25  19.00 


Table  XLIX. — Soft  Stbbl  Bars  at 


1900 

Jan 2.22 

Feb 2.21 

March 2.25 

April 2.10 

May 1.91 

June 1 .  52 

July 1.19 

Aug 1 .  05 

Sept 1.12 

Oct 1.09 

Nov 1.18 

Dec 1.25 


1901      1902     1903     1904     1905     1906     1907     1908 


1.25 
1.30 
1.40 
1.47 
1.41 
1.40 
1.40 
1.44 
1.50 
1.53 
1.50 
1.50 


1.50 
1.51 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.37 
1.30 


1.30 
1.30 
1.33 
1.35 
1.35 
1.35 
1.35 
1.35 
1.31 
1.30 
1.31 
1.34 


1.40 
1.40 
1.50 
1.50 
1.50 
1.46 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 


1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.54 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1909 

1.40 
1.35 
1.20 
1.15 
1.19 
1.20 
1.27 
1.32 
1.39 
1.51 
1.50 
1.50 


Table  L. — Wire  Rod  Prices  at 


1903  1904  1905 

Jan $34.70  $30.00  $31.00 

Feb 35.75  30.00  31.00 

March 36.62  30.80  31.70 

April 37.00  31.00  34.00 

May 37.  00  30.  50  34.  00 

June 36. 62  29. 20  33.  30 

July 35.80  28.00  31.87 

Aug 35.00  28.00  32.10 

Sept 34.75  27.00  31.12 

Oct 34.00  26.00  31.75 

Nov 31.62  26.75  32.10 

Dec 30.  50  29.  80  32.  50 


1906 
$33.75 
34.00 
34.00 
34.12 
34.40 
34.00 
34.  QO 
34.00 
34.00 
34.50 
35.50 
37.00 


1907 
$37.00 
37.00 
37.00 
37.00 
37.00 
37.12 
36.50 
S6.  10 
36.00 
35.40 
34.00 
34.00 


1908 
$34.30 
35.00 
35.00 
35.00 
35.00 
33.50 
33.00 
33.25 
33.00 
33.00 
33.00 
33.00 


1909 
$33.00 
33.00 
33.00 
29.00 
27.50 
27.60 
29.40 
31.00 
31.60 
31.87 
32.60 
33.00 


1910 
$33.00 
33.00 
33.00 
32.60 
32.00 
30.80 
29.25 
28.25 
28.00 
28.50 
28.12 
28.00 


Table  LI. — Billet  Prices  at  Pitts- 

1889  1890         1891  1892  1893  1894  1895 

Jan $28.15  $36.65  $25.60'  $25.00  $21.56  $16.12  $14.90 

Feb 27.81  35.25  26.00  24.36  21.62  15.75  14.96 

March 27.25  31.88  26.25  23.00  22.60  15.55  14.84 

April 27.00  28.38  26.35  22.81  22.44  15.69  15.44 

May 26.90  27.55  25.50  22.41  21.69  18.00  16.30 

June 26.75  30.25  25.25  22.97  21.70  18.12  18.63 

July 27.13  30.70  25.50  23.50  21.06  18.00  20.75 

Aug 28.20  30.38  25.31  23.81  20.45  17.15  21.75 

Sept 29.50  30.13  25.00  23.65  19.31  17.19  24.00 

Oct 33.70  28.70  24.90  23.53  18.06  16.00  21.90 

Nov 34.00  27.39  24.16  24.94  17.37  16.67  19.13 

Dec 35.60  26.25  24.20  22.40  16.69  16.12  16.97 

*  Quotations  on  wire  rods  did  not  regularly  appear  in  market  reports  until 
burgh.     The  Quotations  for  November  and  December,  1917,  and  all  of  1918, 

t  The  table  below  gives  the  average  monthly  prices  of  4  x  4  in.  Bessemer  steel 
and  are  averaged  from  weekly  quotations  "in  Iron  Age.     Prior  to  1886  steel 
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FouMDBT  Pia  Iron  at  Philadelphia,  Dollars  per  Gross  Ton 


1010 

$19.00 
18.09 
18.00 
17.76 
17.00 
10.55 
10.25 
10.00 
10.00 
15.81 
15.68 
15.50 


1011-    1912      1913      1914 

$16.50  $14.85  $18.25  $14.65 
15.50    14.85    18.25    14.94 


15.50 
15.50 
15.50 
15.25 
16.00 
15.00 
15.00 
15.00 
14.95 
14.85 


14.92 
15.00 
15.18 
15.31 
15.70 
15.87 
16.59 
17.60 
18.25 
18.25 


17.77 
17.40 
16.75 
16.19 
15.60 
15.60 
15.83 
15.95 
15.56 
15.20 


15.00 
15.00 
14.81 
14.75 
14.75 
14.75 
14.75 
14.63 
14.50 
14.25 


1915  1916  1917  1918  1919  1920 

$14.25  $19.94  $30.10  $34.25  $36.15  $44.10 

14.25  20.00  31.88  31.25  36.15  45.10 

14.25  20.05  37.31  34.25  34.39  45.53 

14.25  20.50  41.38  34.25  31.90  46.85 

14.25  20.50  43.60  34.25  30.70  47.10 

14.25  19.94  48.19  34.29  29.50  47.15 

14.31  19.75  53.13  34.40  29.08  48.15 

14.94  19.55  53.00  34.40  29.60  51.96 

16.00  19.50  51.67  34.40  30.70  53.51 

16.25  20.31  34.25  38.85  32.10  52.53 

17.12  24.90  34.25  39.15  35.35  44.99 

19.05  29.25  34.25  39.15  40.10  34.79 


PrrTSBURQH,  Cents  per  Pound 

1910   1911  1912  1913  1914  1915  1916  1917  1918  1919   1920 


1.50 

1.40 

1.15 

1.70 

1.20 

1.10 

2.03 

3.15 

2.90 

2.70 

2.75 

1.50 

1.40 

1.12 

1.70 

1.20 

1.10 

2.31 

3.25 

2.90 

2.70 

3.00 

1.45 

1.40 

1.10 

1.85 

1.20 

1.15 

2.65 

3.63 

2.90 

2.61 

3  63 

1.45 

1.40 

1.16 

1.84 

1.15 

1.20 

2.88 

3.75 

2.90 

2.35 

3.76 

1.45 

1.37 

1.20 

1.70 

1.14 

r.20 

3.00 

4.00 

2.90 

2.35 

3.63 

1.46 

1.25 

1.20 

1.60 

1.11 

1.21 

2.75 

4.25 

2.90 

2.35 

3.50 

1.45 

1.23 

1.25 

1.50 

1.12 

1.25 

2.63 

4.50 

2  90 

2.35 

3.50 

1.40 

1.20 

1.30 

1.40 

1.19 

1.30 

2.56 

4.30 

2.90 

2.35 

3.25 

1.40 

1.19 

1.37 

1.40 

1.20 

1.34 

2.60 

4.00 

2.90 

2.35 

3.25 

1.40 

1.12 

1.45 

1.39 

.1.15 

1.44 

2.75 

2.90 

2.90 

2.39 

3.13 

1.40 

1.08 

1.55 

1.29 

1.10 

1.62 

2.83 

2.90 

2.90 

2.69 

2.87 

1.40 

1.12 

1.66 

1.21 

1.07 

1.84 

3.00 

2.90 

2.80 

2.75 

2.35 

PlTTSBUBGH  FOR  ElQHTBBN  YeaRS* 

1911   1912   1913   1914   1915   1916   1917   1918   1919   1920 
$28.00  $24.37  $30.00  $26.50  $25.00  $43.00  $75.00  $57.00  $57.00  $60.00 


28.76 
29.00 
29.00 
29.00 
28.26 
27.00 
27.00 
27.00 
26.00 
26.30 
24.60 


26.00 
25.00 
26.00 
26.00 
25.00 
26.00 
26.80 
27.00 
28.60 
29.76 
30.00 


30.00 
30.00 
30.00 
30.00 
29.60 
28.30 
28.00 
27.37 
26.60 
26.87 
26.17 


26.38 
26.50 
26.00 
25.50 
24.60 
24.50 
26.00 
26.20 
25.88 
26.25 
25.00 


25.00 
25.00 
25.00 
25.00 
25.00 
25.63 
27.00 
29.40 
31.75 
36.25 
39.50 


48.00 
54.80 
60.00 
60.00 
53.  75 
53.75 
55.00 
55.00 
55.00 
63.00 
68.75 


77.50 
81.00 
85.00 
86.00 
92.50 
96.25 
94.00 
88.75 
77.25 
57.00 
57.00 


57.00 
57.00 
57.00 
57.00 
57.00 
67.00 
57.00 
57.00 
57.00 
57.00 
57  00 


57.00 
55.75 
52.00 
52.00 
52.00 
52.00 
52.00 
52.00 
52.00 
54.50 
59.  50 


63.75 
70.00 
70.00 
72.50 
76.00 
76.00 
76.00 
75.00 
75.00 
66.40 
57.00 


BUBOH    FOB   ThIBTT-TWO    YEABSf 


1896 


1897 


1898 


1899 


1900 


1901 


1902 


1903 


$16.80 

$15.42 

$14.93 

$1^62 

17.38 

15.25 

15.06 

18.00 

17.09 

15.44 

15.25 

24.30 

19.53 

14.60 

15.06 

25.37 

19.50 

13.82 

14.85 

26.75 

19.12 

14.06 

14.65 

30.10 

18.85 

14.00 

14  50 

33.12 

18.75 

14.00 

15.85 

35.40 

19.75 

15.60 

16.00 

38.37 

19.75 

16.44 

15.56 

38.75 

20.00 

15.57 

15.06 

36.60 

17.50 

15.00 

15.80 

33.75 

1904 


$34.50 
34.87 
33.00 
32.00 
28.90 
27.25 
21.00 
18.20 
16.93 
16.50 
18.95 
19.75 

late  in  1901.     Prices  above  are  for  Bessemer  wire  rods,  per  gross  ton.  at  Pitts- 
are  Government  prices  and  apply  also  to  open-hearth  rods. 
billets  at  Pittsburgh  from  1889  to  1920,  inclusive.     The  prices  are  per  gross  ton 
billets  were  not  a  regular  merchant  commodity. 


$19.75 

$27.50 

$29.60 

$23.00 

20.31 

29.37 

29.87 

23.00 

22.88 

31.25 

30.62 

23.00 

24.00 

31.50 

30.25 

23.00 

24.00 

32.27 

30.37 

23.00 

24.38 

32.35 

28.87 

23.00 

24.00 

31.76 

27.60 

23.00 

24.20 

31.02 

27.00 

23.00 

24.88 

29.50 

27  00 

20.00 

26.70 

29.70 

27.00 

19.50 

27.00 

28.50 

24  00 

20.25 

27.50 

29.10 

23.00 

21.20 
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1905 

Jan $22.75 

Feb 23.50 

March 24.00 

April 24.00 

May 23.50 

June 22.00 

July 22.00 

Aug 24.00 

Sept 25.00 

Oct 25.62 

Nov 26.00 

Dec 26.00 


Table  LI— 

1906 

1907 

1908 

1909 

1910 

1911 

$26.25 

$29.40 

$28.00 

$25.00 

$27.50 

$23.00 

26.60 

29.50 

28.00 

25.00 

27.50 

23.00 

26.70 

29.00 

28.00 

23.00 

27.50 

23.00 

27.00 

30.12 

28.00 

23.00 

26.75 

23.00 

26.40 

30.30 

28.00 

23.00 

26.12 

22.60 

26.63 

29.62 

25.75 

23.00 

25.30 

21.00 

27.25 

30.00 

25.00 

23.50 

25.00 

21.00 

27.80 

29.25 

25.00 

24.13 

24.62 

21.00 

28.00 

29.37 

25.00 

25.00 

24.40 

20.75 

28.00 

28.20 

25.00 

26.25 

23.75 

20.00 

28.88 

28.00 

25.00 

27.13 

23.30 

19.50 

29.50 

28.00 

25.00 

27.50 

23.00 

19.25 

Table  LI  I. — Tank  Plates  at 


1900  1901  1902  1903  1904 

Jan 2.22  1.40  1.60     1.75     1.60 

Feb 2.17  1.40  1.60     1.60     1.60 

March 2.03  1.47  1.60     1.60 

April 1.87  1.57  1.60     1.60 

May 1.69  1.60  1.60     1.60 

June 1.39  1.60  1.69 

July 1.16  1.60  1.75 

Au« 1.09  1.60  1.75 

Sept 1.11  1.60  1.75 

Oct 1.07  1.60  1.84 

Nov 1.31  1.60  1.82     1. 

Dec 1.39  1.60  1.82     1. 


1, 
1, 
1, 
1. 


60 
60 
60 
60 


1.60 
60 
60 


1, 
1. 
1. 
1, 


60 
60 
60 
60 


1.60 
1.60 
1.44 
1.40 
1.40 
1.45 


1905 


1. 
1. 
1. 
1. 
1. 
1. 


50 
60 
60 
60 
60 
60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1906 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.62 
1.70 


1907 
1.70 
1.70 
1.70 


70 
70 
70 
70 
70 
1.70 
1.70 
1.70 
1.70 


1908 
1.70 
1.70 
1.70 
1.70 
1.70 
1.62 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1909 
1.60 
1.52 
1.30 
1.27 
1.29 
1.25 
1.33 
1.40 
1.46 
1.50 
1.54 
1.55 


Table  LIII. — Beams  at  Prrrs- 


1900 

Jan 2.25 

Feb 2.25 

March 2.  25 

April 2.25 

May 2.25 

June 2.07 

July 1.90 

Aug 1.74 

Sept 1 .  50 

Oct 1.50 

Nov 1.50 

Dec 1.50 


1901 
1.50 


50 
52 
60 
60 
60 
60 
60 
60 
1.60 
1.60 
1.60 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


1902 
1.60 
1.60 


70 
70 
60 
60 
84 
00 
2.00 
2.07 
2.05 
2.00 


1. 
1. 
1. 
1. 
1. 
2. 


1903 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1904 
1.60 
1.60 
1.60 


60 
60 
60 
60 
60 
1.44 
1.40 
1.40 
1.44 


1905 


50 
50 
60 
60 
60 
60 
60 
63 
1.70 
1.70 
1.70 
1.70 


1906 
1.70 
1.70 
1.70 
1.70 


1. 
1. 
1, 
1. 
1. 
1. 


70 
70 
70 
70 
70 
70 


1907 
1.70 
1.70 
1.70 
1.70 


1.70 
1.70 


70 
70 
70 
70 
70 
70 
70 
70 


1908 
1.70 
1.70 
1.70 
1.70 
1.70 
1.62 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1909 


60 
52 
30 
27 
27 
25 
1.33 
1.40 
1.46 
1.50 
1.54 
1.55 


Table  LIV. — Wike  Nails  at  Pitt»- 


1900  1901     1902 

Jan $3.20  $2.22  $1.99 

Feb 3.20  2.30 

March 3.20  2.30 

April 2.95  2.30 

IVlay 2.20  2.30 

June 2.20  2.30 

July 2.  20  2.  30 

Aug 2.20  2.30 

Sept 2.20  2.30 

Oct 2.20  2.28 

Nov 2. 20  2.17 

Dec 2.20  1.99 


1903 


2 
2 
2 
2 
2 
2 
2 
2 
1 


05 
05 
05 
05 
05 
05 
05 
03 
89 
1.85 
1.85 


$1 
1, 
2, 
2. 
2 
2 
2 


89 
92 
00 
00 
00 
00 
00 
2.00 
2.00 
2.00 
1.97 
1.87 


1904 
$1.89 
1.90 
1.91 
1.90 
1.90 
1.90 
1.89 
1.71 
1.60 
1.60 
1.62 
1.73 


1905 
$1.75 
1.80 
1.80 
1.80 
1.80 
1.74 
1.70 
1.70 
1.74 
1.80 
1.80 
1.80 


1906 
$1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.84 
1.82 
1.86 
1.85 
1.88 
2.00 


1907 
$2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 


1908 
$2.05 
2.05 
2.05 
2.05 
2.05 
1.97 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 


1909 
$1.95 
1.95 
1.95 
1.87 
1.65 
1.70 
1.72 
1.80 
1.80 
1.80 
1.80 
1.85 


/- 
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Continued 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

$20.00 

$28.30 

$20.13 

$19.25 

$32.00 

$63.00 

$47.50 

$43.50 

$48.00 

20.00 

28.50 

21.00 

19.50 

33.50 

65.00 

47.50 

43.50 

55.25 

19.76 

28.50 

21.00 

19.70 

42.40 

66.25 

47.50 

42.25 

60.00 

20.00 

28.50 

20.80 

20.00 

45.00 

73.75 

47.50 

38.50 

60.00 

20.80 

27.60 

20.00 

20.00 

45.00 

86.00 

47.50 

38.50 

60.00 

20.87 

26.50 

19.50 

20.5et 

43.50 

68.75 

47.50 

38.50 

61.00 

21.50 

26.60 

19.00 

21.38 

41.00 

100.00 

47.50 

38.50 

62.50 

22.12 

26.00 

20.25 

23.13 

44.20 

86.00 

47.50 

38.50 

61.00 

23.62 

24.87 

21.00 

24.10 

45.00 

66.25 

47.50 

38.50 

58.74 

26.00 

23.30 

20.00 

24.63 

46.25 

49.38 

47.50 

38.50 

55. GO 

27.00 

21.00 

19.25 

26.50 

52.00 

47.50 

47.50 

38.87 

49.70 

27.00 

20.00 

19.00 

30.25 

57.50 

47.50 

45.50 

46.00 

43.50 

PlTTSBUBOH,    CSNTS   FEB   PoUND 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.55 

1.40 

1.15 

1.75 

1.20 

1.10 

2.25 

4.45 

3.25 

3.00 

2.72 

1.65 

1.40 

1.11 

1.71 

1.20 

1.10 

2.56 

4.88 

3.25 

3.00 

3.50 

1.55 

1.40 

1.12 

1.70 

1.18 

1.10 

3.10 

5.25 

3.25 

2.91 

3.63 

1.55 

1.40 

1.21 

1.68 

1.15 

1.15 

3.56 

5.88 

3.25 

2.65 

3.75 

1.51 

1.39 

1.25 

1.60 

1.12 

1.15 

3.75 

6.60 

2.25 

2.65 

3.75 

1.48 

1.35 

1.25 

1.45 

1.10 

1.16 

3.63 

8.00 

3.25 

2.65 

3;  65 

1.41 

1.35 

1.30 

1.45 

1.10 

1.22 

3.44 

9.00 

3.25 

2.65 

3.38 

1.40 

1.34 

1.35 

1.44 

1.18 

1.26 

3.70 

8.80 

3.25 

2.65 

3.25 

1.40 

1.29 

1.47 

1.40 

1.20 

1.34 

4.00 

8.00 

3.25 

2.53 

3.25 

1.40 

1.17 

1.53 

1.36 

1.14 

1.44 

4.00 

3.25 

3.25 

2.61 

3.00 

1.40 

1.13 

1.59 

1.26 

1.08 

1.65 

4.15 

3.25 

3.25 

2.65 

2.81 

1.40 

1.15 

1.60 

1.20 

1.05 

2.04 

4.25 

3.25 

3.13 

2.65 

2.66 

BUBGH,  Cents  peb  Pound 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.55 

1.40 

1.15 

1.75 

1.20 

1.10 

1.90 

3.25 

3.00 

2.80 

2.47 

1.61 

1.40 

1.11 

1.71 

1.20 

1.10 

2.06 

3.25 

3.00 

2.80 

2.70 

1.50 

1.40 

1.15 

1.70 

1.19 

1.10 

2.40 

3.54 

3.00 

2.71 

3.13 

1.50 

1.40 

1.21 

1.68 

1.15 

1.20 

2.55 

3.88 

3.00 

2.45 

3.25 

1.50 

1.39 

1.25 

1.50 

1.14 

1.20 

2.60 

4.00 

3.00 

2.45 

3.10 

1.48 

1.35 

1.25 

1.45 

1.11 

1.20 

2.53 

4.31 

3.00 

2.45 

3.10 

1.41 

1.35 

1.30 

1.45 

1.12 

1.25 

2.50 

4.50 

3.00 

2.45 

3.10 

1.40 

1.35 

1.35 

1.45 

1.19 

1.30 

2.52 

4.30 

3.00 

2.45 

3.10 

1.40 

1.34 

1.42 

1.41 

1.20 

1.35 

2.64 

4.00 

3.00 

2.45 

3.10 

1.40 

1.21 

1.48 

1.37 

1.15 

1.44 

2.75 

3.00 

3.00 

2.45 

3.05 

1.40 

1.13 

1.57 

1.29 

1.10 

1.60 

2.86 

3.00 

3.00 

2.45 

2.89 

1.40 

1.15 

1.60 

1.25 

1.07 

.1.78 

3.25 

3.00 

2.90 

2.45 

2.46 

BUBGH,   DOLLABS   PEB  KeG   OF   100  Lb. 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.85 

$1.71 

$1.57 

$1.75 

$1.54 

SI.  54 

$2.13 

$3.00 

$3.  50  $3.  50 

$4.50 

1.85 

1.75 

1.60 

1.75 

1.60 

1.57 

2.25 

3.00 

3.50 

3.50 

4.50 

1.85 

1.79 

1.60 

1.76 

1.60 

1.60 

2.40 

3.20 

3.50 

3.44 

4.00 

1.85 

1.80 

1.60 

1.80 

1.60 

1.56 

2.40 

3.28 

3.50 

3.25 

4.00 

1.82 

1.80 

1.60 

1.80 

1.56 

1.55 

2.50 

3.50 

3.50 

3.25 

4.00 

1.80 

1.75 

1.60 

1.80 

1.50 

1.55 

2.50 

3.75 

3.50 

3.25 

4.00 

1.75 

1.70 

1.62 

1.70 

1.52 

1.60 

2.50 

4.00 

3.50 

3.25 

4.00 

1.70 

1.69 

1.66 

1.65 

1.56 

1.61 

2.58 

4.00 

3.50 

3.25 

4.25 

1.70 

1.65 

1.70 

1.65 

1.60 

1.69 

2.60 

4.00 

3.50 

3.25 

4.25 

1.70 

1.64 

1.70 

1.63 

1.60 

1.80 

2.63 

>    •    •    • 

3.50 

3.31 

4.25 

1.70 

1.55 

1.70 

1.59 

1.50 

1.87 

2.85 

3.50 

3.50 

3.50 

4.06 

1.70 

1.53 

1.72 

1.55 

1.51 

2.04 

3.00 

3.50 

8.50 

4.12 

3.26 
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PittsburgL  Fuc  itie  yetm  lUUl  tu  luie,  Ttie  tlgures  for  atiuctural  shapes  kre 
base  Cor  beams  ondcliannela^iD..  to  ISin.,  amUngleaSln.  tofiln.  Prices  tor 
plates  are  f.  □.  b.  Pittsburgh,  and  are  lar  tank  quaUtr.  Prices  for  bus  are  alaa 
Pittsburgh  base  and  are  for  reupds  and  squares  9i  In.  to  If*  In. 
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Contrsctlng,  April  25,  IQIT,  fi 
State  Highway  CommlaBlon,  show 
t  various  Btagea  In  Ita  progress 


the  Dee.,  19le,  Bridge  Manunl  of  the  Ot^on 

ra  price  fluctuatioDs  In  steel  from  year  to  year 

ica  to  the  erected  bridge.    The 

tine  In  the  diagram  represents  pig  Iron  (Pittsburgh  Diatrict),  the  next 


two  lines  steel  bars  and 
line  trom  the  top  I 
Une  steel  in  bridge 


i  steel  In  the  Pittsburgh  District 
ted  steel  at  alte  (average  tor  Or^on).  and  the  top 
1  Id  Oregon. 


Fia.  8. — Price  per  t< 

lea  representing  tl 


•1  steel  ttoni  furnare 


>  p1ac< 


The 


s  of  pig  Iron,  steel  bars  i 
Q  data  from  The  Iron  Age  and  are  based  on  prices 
at  Pittsburgh. 

The  line  representing  fabricated  steel  at  the  bridge  site  Is  obtained  by  adding 
tSO  to  these  Eaatern  prices  on  structural  shapes  to  provide  for:  Steel  Inspec- 
tion, fabrication,  shop  Inspection,  waste  In  fabrication,  draughting,  shop 
printing,  freight  to  Portland  dLstrict,  road  haul  and  handling. 

While  tbls  assumed  figure  of  tSD  Is  not  a  maximum,  it  Ls  stated  to  be  con- 
siderably higher  than  the  mean  or  average  cost  of  the  sum  of  the  Items  it  is 
Intended  to  cover,  within  the  present  sone  of  steel  bridge  construction  In 
Oregon. 

The  line  representing  steel  erected  In  place  la  obtained  by  adding  S20  to 
the  Cost  of  the  fabricated  material  at  the  sile,  to  cover  all  costs  of  falsework, 
handling,  erection  and  painting,  and  b  a  little  better  than  a  fair  average  price 
lor  steel  bridge  erection  in  Oregon.  This  line  suggests  In  a  graphical  way,  for 
the  terra  of  years  which  it  covers,  a  base  line  about  which,  in  comparative 
pcoxliiiity  to  it,  the  prices  paid  tor  this  work  should  have  ranged  Ihemart  vss. 
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The  costs  from  mill  to  site  and  for  erection  and  painting  are  based  on  the  cost 
of  a  large  number  of  structures  built  in  Oregon.  The  Manual  states  that 
actual  costs  should  run  under,  rather  than  over,  the  figures  given. 

Teaming  rates  vary  considerably  according  to  the  topography  of  the  country 
and  condition  of  the  roads.  They  also  are  subject  to  conditions  of  supply 
and  demand,  but,  according  to  the  Manual,  a  fair  average  price  for  teaming 
throughout  the  state  is  30  ct.  per  ton  mile. 

Price  of  Common  Brick. — At  the  first  annual  convention  of  the  Common 
Briclc  Manufacturers  of  America  at  Chicago,  information  was  collected  from 
the  delegates  regarding  the  prices  of  common  briclc  in  various  cities.  The 
following  table  shows  the  trend  of  prices  for  the  years  1916-1919  in  9  large 
cities: 

1916  1917  1918  1919 

Boston $12.00  $14.00  $17.00  $18.00 

Chicago , 7.00  9.00  12.00  12.00 

Cincinnati 10.00  13.00  15.00  16.75 

Detroit 9.00  11.00  12.00  13.00 

Lob  Angeles 6.  00  8.  00  14.  00  12. 50 

Louisville 8.50  12.50  20.00  17.50 

New  York* 7.35  8.15  10.85  14.00 

PhUadelphia 8.50  12.50  14.00  19.00 

San  Francisco  t 7.50  10.00  11.00  12.50 

•  Delivered  at  ferry,     t  Delivered  at  plant. 

Method  of  Obtaining  the  "Average'*  Increase  in  Prices  of  Building  Mater- 
ials (Engineering  and  Contracting,  April  24,  1918.)  When  dealing  with 
"  averages"  there  is  grave  danger  of  falling  into  the  error  of  using  arithmetical 
averages  Instead  of  weighted  averages.  A  building  magazine  recently  said 
that  since  Aug.  1,  1914,  the  average  price  of  building  materials  had  risen  84 
per  cent,  yet  the  same  periodical  published  the  following  table  of  prices  for 
March  1,  of  the  years  named: 

1914 

Pine,  yellow,  12-in.  and  under  per  M $25. 00 

Nails,  wire,  base  price,  per  keg 1 .  90 

Brick,  Hudson  River,  hard,  per  M 6.  50 

Lime,  eastern  common,  per  bbl .92 

Timber,  E.  spruce,  wide  random,  per  M 24.00 

Timber,  hemlock,  Penn.,  random,  per  M 24.  50 

Glass,  window,  10  X  15,  per  box,  50  sq.  ft 2. 14 

If  we  add  together  the  figures  in  the  last  column  and  divide  by  the  number  of 
items,  7,  we  get  an  arithmetical  average  of  67  per  cent,  which  might  be  called 
an  average  increase  in  the  prices  of  these  building  materials;  but  it  should  be 
apparent  that  such  an  average  is  really  meaningless.  Note  that  the  quan- 
tities of  each  of  these  seven  different  materials  that  would  be  required  in  most 
buildings  are  such  that  brick  and  pine  would  greatly  predominate;  yet  brick 
and  pine  have  each  risen  only  46  per  cent  in  price.  On  the  other  hand,  nails, 
lime  and  glass  are  used  in  relatively  small  quantities,  and  they  have  risen  95, 
106  and  137  per  cent  in  price. 

To  ascertain  the  weighted  average  change  in  price  of  building  materials  in 
a  building  of  a  given  class,  multiply  the  quantities  of  each  kind  of  material 
by  the  prices  at  the  two  different  periods  and  ascertain  the  ratio  of  the  two 
resulting  totals.  A  rough  application  of  this  rule  leads  us  to  ccmclude  that 
the  average  building  cost  has  risen  about  50  per  cent  since  the  war  began. 


Per  cent 

1918 

increase 

$42.00 

46 

4.00 

95 

10.25 

46 

1.90 

106 

28.00 

17 

30.50 

24 

5.13 

137 

I 
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Determiiiation  of  Unit  Prices  of  Material  for  Purposes  of  Valuation  of 
Plant. — ^Engineering  and  Contracting,  May  13,  1014,  publishes  the  following 
article  by  R.  V.  Achatz. 

One  of  the  first  questions  which  must  be  decided  in  making  a  valuation  of  a 
physical  plant  is  what  unit  costs  of  material  and  labor  are  to  be  used.  In 
making  a  valuation  on  the  cost  of  reproduction  basis,  it  is  agreed  that  these 
costs  should  be  present  costs  but  there  is  a  question  of  just  what  is  present 
cost.  In  the  case  of  labor  present  cost  is  a  cost  based  on  the  current  wage  scale, 
but  in  the  case  of  material  it  is  quite  generally  agreed  that  the  market  price  on 
a  given  date,  particularly  for  those  materials  which  are  subject  to  constant 
fluctuations  in  price,  cannot  always  be  used  with  justice.  Many  writers  in 
discussing  this  question  have  said  that,  in  case  of  materials  subject  to  price 
fluctuations,  the  market  price  on  a  given  date  should  not  be  used  but  an 
average  price  over  a  number  of  years  past,  usually  five  or  ten,  should  be 
adopted.  There  immediately  arises  a  question  as  to  the  propriety  of  using 
an  average  of  past  prices  in  a  valuation  on  the  cost  of  reproduction  basis,  and 
there  is  also  a  large  question  as  to  whether  such  an  average  actually  represents 
a  fair  present  price.  It  has  been  proposed  that  the  present  normal  price  can 
be  determined  by  plotting  the  prices  for  a  number  of  years  past  and  drawing  a 
smooth  curve  representing  an  average  .of  the  prices  as  shown  by  the  yearly 
price  curve. 

In  order  to  make  a  study  of  the  different  methods  of  determining  unit  costs 
of  materials  the  prices  on  three  metals,  copper,  tin  and  lead,  were  used.  These 
metals  were  adopted  because  prices  were  available  for  many  years  past, 
because  of  their  importance  in  telephone  and  other  electrical  properties,  and 
because  the  prices  are  representative  of  three  types  of  price  variation.  Copper 
prices  have  fluctuated  continuously  and  sometimes  violently  with  a  general 
tendency  toward  increase.  Tin  prices  have  also  fluctuated  considerably  and 
also  have  shown  a  marked  increase  in  the  past  fifteen  years.  Lead  prices 
have  in  general  been  stable  and  show  little  if  any  tendency  toward  change. 
Table  LVI  shows  prices  for  Lake  Ingot  copper.  The  prices  are  taken  from  a 
leaflet  called  "Copper  History"  published  by  the  Rome  Wire  Co.,  Rome,  N. 
Y.,  and  are  based  on  actual  prices  paid.  These  prices  are  slightly  higher  than 
prices  given  in  Iron  Age  but  the  difiference  is  usually  only  a  small 
fraction  of  a  cent  per  pound.  Tables  LVI  I  and  LVI  1 1  are  prices  of  tin  and 
lead  respectively  and  are  compiled  from  data  given  in  Iron  Age  in  the  first 
issue  of  the  year  for  several  years  past. 

In  making  the  study  curves  were  plotted  for  the  monthly  average  prices  of 
the  metal  (not  given  in  the  tables)  by  plotting  at  the  abscissa  representing 
each  month,  the  average  price  for  that  month  and  connecting  the  points  by 
straight  lines.  In  a  siinilar  way  curves  were  plotted  for  the  average  prices 
for  5,  10  and  15  year  periods  by  plotting  at  the  close  of  each  year  the  average 
<rf  the  prices  for  the  i)eriod  prece<ling  and,  as  before,  connecting  the  points 
by  straight  lines.  A  smooth  curve  was  also  drawn  representing  a  mean 
between  the  higher  and  lower  changes  in  the  monthly  average  prices. 
Theoretically  there  should  be  equal  areas,  above  and  below,  between  this 
curve  and  the  monthly  average  curve  but  in  practice  it  can  be  drawn  by  eye 
with  suflftcient  accuracy.  This  curve  has  been  designated  a  "normal  trend 
price"  curve. 

In  Fig.  9  are  shown  the  curves  of  copper  prices.  These  prices  extend  from 
1S84,  the  earliest  period  that  prices  were  available,  to  the  present.  It  will 
be  noted  that  the  prices  have  had  peaks  at  periods  of  from  seven  to  ten  years 
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apart,  the  highest  peaks  occurring  In  188B,  1899.  and  1907,  followed  by  periods 
ot  comparatlTelj  low  prieea.  The  dotted  curve  repieaents  succeedve  Bn 
years  averages  &ad  was  iilotted  aa  described  In  the  preceding  paiagraph. 
This  curve  also  has  peaks  camlng  at  the  frequency  ot  the  peaks  In  the  raonthly 


average  curve  but  displaced  bo  that  the  maximunt  points  In  the  Dve  rear 
average  curve  come  later  than  those  ot  the  montblf  average  and  occur  during 
times  ot  low  market  prices.  For  eiample.  at  the  close  of  1909  the  market 
price  of  copper  was  13.7S  cts.  per  pound,  while  the  Ave  yeus  average  was 


i 


IS.SOS  cts.  per  pound.  At  the  close  of  1912  the  market  price  was  17.7S  eta. 
per  pound,  while  the  Ave  year  average  was  13.91  cts.  The  high  avwagefw 
the  Ave  years  ending  with  1909  was  due  to  the  inltuencs  ot  the  very  high  peak 
In  the  market  hi  1906-7  and  the  low  average  for  the  Ave  yean  ending  In  IBIS 
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na  due  to  the  abnormally  low  prices  toUowlDg  the  IW7  peak,  the  InSueace 
d(  that  peak  od  the  Bv&  year  average  having  passed.  It  is  at  onoe  seen  that  a 
ll'e  year  aserage  price  at  either  ot  these  times  would  be  unjust,  the  price  In 
ing  being  too  high  to  be  Just  to  the  public  and  the  price  hi  1913  too  low  to 
be  just  to  the  utility. 

The  10  year  average  prices  ol  copper  are  shown  hi  Fig,  0  by  the  broken 
UUl  This' curve  has  peaks  hi  much  the  same  nay  as  the  5  year  average 
tan  but  tbe  dlSerencee  from  time  to  time  are  not  so  great.  The  10  year 
mnce  at  tbe  close  ot  1911  is  l.l  eta.  less  than  at  the  cliwe  of  lOOS.  Tbe 
mof  this  average  would  be  leas  open  to  objection  than  the  5  year  average 
u  teeount  of  smaller  variation  from  time  to  time. 


Flo.  II.— Variatioa  and  trend  of  prices  lor  lead  tor  period  lS9j  to  1913.  inclusive. 

Tbe  15  year  average  is  shown  on  Fig.  9  by  Che  dot  and  dash  line.  It  Is 
nthd;  tree  trom  variation  due  to  tlie  Inlluence  of  peaks  in  the  market  price 
ud  sbowa  a  general  tendency  upward.  Its  use  might  be  objectionable  on 
•ccount  of  the  Influence  of  a  period  of  low  prices  a  long  time  ago.        "^ 

The  unooth  curve  which  has  been  called  the  normal  tread  price  has  been 
drawn  to  represent  an  average  ot  the  market  prices.  At  any  given  time  the 
[Klce  read  from  this  curve  may  be  considered  to  be  the  price  ot  copper  under 
OflnaBj  coDdltioos.  A  buyer  of  copper  Id  the  future  would  expect  to  f^nd 
pica  following  this  curve  more  or  less  closely.  Tbe  price  as  Indicated  by 
'  UUtcuTvewas  15.2  cts.  at  the  close  of  1909.  IS.S  c(s.  at  close  ot  1011  and  16.3 
OS.  at  close  of  1913. 

Fig.  10  shows  the  variation  in  prices  of  tin.  This  metal  like  copper  has  been 
adiject  to  considerable  fluctuation  in  price  and  baa  also  more  than  doubled 
ia  price  tn  the  past  fifteen  years.  The  curves  representing  the  5.  10  and  l^ 
mr  averagee  and  the  trend  curve  have  been  drawn  In  the  same  manner  as  In 
IMS  of  copper.  The  average  curves  are  free  from  the  variation  from  time  to 
Huh  noted  in  the  average  curves  for  copper  but  it  will  be  noted  that,  with  the 
oceptlon  or  a  tew  months  In  1904  and  ihe  years  ISOS.  1909  and  part  ot  1910 
loc  the  5  year  curve  and  a  tew  months  Id  1903  and  1909  for  the  10  year 
rarre,  the  average  curves  are  constatenlly  lower  than  even  the  lowest  points 
It  Ibe  market  prices.  This  brings  out  more  clearly  the  objection  mentioneil 
•bon  in  the  discussion  of  the  prices  of  copper  that  average  prices  might  be  toi> 
RHIy  Influenced  by  previous  low  prices  to  be  used  if  the  basis  of  the  valuation 
htocoM  of  reproduction.    It  tbe  basis  Is  original  cost  ol  course  this  objection 
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disappears.  This  discussion,  however,  has  been  predicated  on  the  use  of 
cost  of  reproduction.  In  the  case  of  tin  the  normal  trend  curve  at  the  dose 
of  1913  shows  a  price  of  45.9  cts.  per  pound  while  the  5  year  average,  the 
highest  of  the  average  curves,  shows  39.468  cts.  per  pound.  It  is  evident  in 
this  case  that  the  use  of  any  average  price  is  unfair. 

The  variation  in  lead  prices  is  shown  in  Fig.  1 1 .  The  montlily  average  price 
curve  shows  that  lead  prices  have  been  practically  constant  since  1899  with 
the  exception  of  the  abnormally  high  prices  in  1906-7.  This  peak  was  caused 
by  no  particular  condition  of  the  lead  market  at  that  time  but  by  the  general 
inflation  of  commercial  affairs  during  those  years.  The  average  price  curves 
have  been  drawn  as  before.    It  will  be  noted  that  the  10  or  15  year  curves 

Table  LVI. — Average  Pbices  op  "Lake"  Ingot  Copper 

(Prices  compiled  from  pamphlet,  "Copper  History,"  published  by  Rome  Wire 

Company,  Rome,  N.  Y.) 

Period  ending  Av.  for  the         Av.  for  Av.  for  Av.  for 

year  5  years,  10  years,  15  yrs. 

Dec.  31 —  per  lb.  per  lb.  per  lb.  per  lb. 


1884. 

1885 

1886. 

1887. 

1888. 

1889. 

1890 

1891. 

1892. 

1893. 

1894. 

1895 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 

1902 

1903 

1904. 

1905. 

1906 

1907. 

1908 

1909 

1910 

1911 

1912 

1913. 


$0. 


14031 

11166 

111458 

11323 

16781 

SO. 12889 

137395 

. 12831 

15812 

.13760 

13093 

.14150 

11625 

. 14210 

10781 

. 13010 

SO. 12950 

095416 

.12171 

.12501 

10812 

.11171 

. 12465 

10979 

. 10748 

.12449 

11333 

. 10691 

.12450 

12062 

. 10945 

. 11978 

SO.  12664 

17802 

. 12598 

.12384 

.12533 

16656 

. 13766 

. 12468 

.12899 

16729 

.15116 

. 12832 

.13271 

12135 

.15117 

.12883 

.13325 

13791 

. 15423 

.13184 

. 13126 

13250 

. 14512 

. 13555 

.13093 

16093 

. 14399 

. 14083 

. 13122 

19812 

.15014 

.14966 

.13560 

21177 

. 16825 

. 15951 

. 14197 

13540 

. 16776 

.16099 

.14381 

13420 

.  16808 

.15660 

.14640 

13135 

. 16217 

.15308 

.14794 

12750 

.14802 

. 14910 

. 14912 

16708 

. 13910 

.15368 

.16271 

15833 

. 14369 

. 15572 

.  15522 

still  show  that  influence  of  the  1907  high  prices  while  the  Ave  year  average 
h£is  passed  beyond  this  influence  and  has  come  very  near  to  the  normal  price. 
The  normal  trend  curve  has  not  been  drawn  to  avoid  confusion  in  the  figure 
but  if  it  were  drawn  it  would  be  a  straight  line  paraUel  to  the  X-axis  at  4.4 
cts.  This  is  exactly  the  same  as  the  5  year  average  at  the  close  of  1913. 
There  have  been  periods  in  the  past,  however,  when  the  use  of  the  five  year 
average  would  have  been  incorrect.  For  instance,  at  the  close  of  1909  this 
average  was  4.926  cts.  per  pound  while  at  the  close  of  1912  it  was  4.379  cts., 
a  decrease  of  about  1 1  per  cent. 

From  the  study  of  the  curves  and  the  above  discussion  the  following  ciMi- 
clusions  are  drawn  regarding  the  use  of  the  difiPerent  methods  of  d^enniniog 
unit  costs  of  material  for  valuation  purposes: 
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Tabi<b  LVII. — ^Ayebage  Pbicbb  of  Tin 


(Prioes  compiled  from  Iron  Age  first  issue  of  each  year. 

lots.  New  York  market.) 


Period  ending 
Dec.  31 — 


1895 $0.14033 

1896 

1897 

1898 '. 

1899 

190O 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 


Av.  for 

Av.  for 

Av.  for 

the  year, 

5  years, 

10  years, 

per  lb. 

per  lb. 

per  lb. 

$0. 14033 

. 13325 

. 13592 

•  ■>••••• 

. 15613 

. 24853 

$0. 16283 

.29579 

. 19392 

. 26326 

. 21993 

.26633 

.24600 

. 27973 

,   . 27073 

.27658 

. 27634 

$0. 21959 

. 31438 

.28005 

. 23699 

.39666 

.30764 

.26333 

. 38239 

.32995 

. 28798 

.29438 

.33288 

.30180 

.29678 

. 33692 

. 30663 

.34239 

.34252 

.31129 

.42742 

.34867 

.32780 

. 46350 

. 36489 

. 34742 

. 44332 

. 39468 

. 36378 

Prices  are  on  carload 


Av.  for 
15  3rrs., 
per  lb. 


$0. 


25869 
27217 
29185 
31362 
33276 


(1)  The  use  of  the  market  price  of  materials,  especially  those  which  are 
subject  to  price  fluctuations  is  likely  to  be  unfair. 

(2)  Average  prices  for  a  period  of  5  years  previous  to  the  valuation  are 
unreliable  on  account  of  the  influence  of  periods  of  high  market  prices  which 
tend  to  raise  the  5  year  average  during  the  period  of  low  prices  that  usually 
follows  a  period  of  high  prices  and  the  corresponding  decrease  in  5  five  year 
average  f (blowing  period  of  low  prices  even  after  prices  have  again  increased. 

(3)  An  average  of  the  prices  for  a  period  of  10  years  previous  to  the  valua- 
tion fluctuates  in  a  less  degree  than  the  average  for  5  years,  but  may  be 
lower  than  a  fair  price  or  higher  than  a  fair  price  due  to  the  influence  of  a 
period  of  low  or  high  prices  many  years  before. 

(4)  An  average  of  the  prices  for  15  years  may  be  unfair  for  the  same  reason 
as  the  second  given  under  the  ten  year  average,  viz. :  the  eflfect  of  prices  of 
many  years  previous. 

(5)  An  average  smooth  curve  can  be  drawn,  taking  into  consideration 
market  prices  for  a  number  of  years  past  and  also  successive  average  prices 
for  periods  of  5,  10  and  15  years,  which  will  represent  the  normal  present  price 
of  the  material.  In  general  the  use  of  this  curve  as  a  basis  of  unit  price  of 
material  will  be  more  fair  and  less  open  to  objection  than  any  average  price. 

(6)  Before  unit  prices  are  adopted  it  is  necessary  to  make  a  study  of  the  past 
and  present  prices  of  materials,  particularly  the  more  important  ones  which 
may  r^resent  a  large  portion  of  the  total  cost  of  material  in  the  plant.  Such 
matoials  would  be  poles,  copper  wire,  lead  covered  cable,  duct  materials  and 
Portland  cement  in  the  case  of  telephone,  street  railway  and  other  electrical 
pn^)ertie3,  and  cast  iron  pipe  in  case  of  gas  and  water  plants. 

There  may  be  some  objection  to  a  price  based  on  the  trend  curve  on  account 
of  the  fact  that  the  judgment  of  the  appraiser  is  brought  into  its  determination, 
but  it  must  be  remembered  that  a  valuation  is  an  estimate  of  cost  to  reproduce 
agiven  plant  and  the  entire  result  is  based  on  engineering  judgment .  Further- 
■ore  a  result  arrived  at  by  the  use  of  well  trained  judgment  after  considering 
4  the  facts  is  more  likely  to  be  fair  than  an  average  over  an  arbitrary  period 
vkhout  further  consideratioii. 
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The  use  of  such  a  trend  curve  as  a  basis  for  the  unit  price  of  a  material  is 
not  new  although  little  has  been  written  concerning  it.  As  far  as  the  writer's 
knowledge  goes  the  most  important  appraisal  that  has  been  made  public  in 
which  this  method  was  used  is  the  appraisal  of  the  property  of  the  Chicago 
Telephone  Co.  made  by  H.  M.  Byllseby  and  Co.  and  the  Arnold  Co.  in  1911. 
It  is  true  that  Prof.  Edward  W.  Bemis,  who  was  conducting  the  investigation 
of  rates  for  the  Chicago  City  Council  in  this  case  mentions  the  price  of  16  cts. 
used  in  the  appraisal  as  a  doubtful  point  but  he  accepted  the  valuation  based 
on  this  price.    Prof.  Bemis'  comment  is  as  follows: 

Among  the  doubtful  points  in  the  appraisal  may  be  mentioned  the  price  of 
copper  used  by  the  appraisers.  Copper  was  taken  at  16  cts.  a  poimd,  as  of 
Aug.  1,  1911.  The  following  table  gives  the  average  price  for  each  of  the  19 
years,  1893-1911,  inclusive,  as  taken  from  the  Iron  Age  by  the  Chicago 
Telephone  Company.  These  prices  are  a  little  lower  than  those  given  in  the 
Telephone  Directory  of  the  telephone  industry,  1912  edition  (page  333): 

(Table  of  copper  prices  omitted.) 

The  above  table  would  indicate  that  16  cts.  was  high.  The  company  has, 
however,  established  an  elaborate  trend  curve  of  prices  of  copper  to  show  that 

Table  LVIII. — Average  Pbicbs  of  Lead 

(Prices  compiled  from  Iron  Age,  first  issue  of  each  year.     Prices  are  on  carload 

lots.  New  York  market.) 


Av.  for 
Period  ending      the  year, 
Dec.  31 —        per  lb. 
1895 $0.03235 


1896 

1897 

1898. 

1899 

1900. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911. 

1912. 

1913. 


. 02971 
. 03566 
. 03769 
.04469 
.04390 
.04355 
.04093 
.04266 
.04360 
.04898 
.05800 
. 05408 
.04224 
.04300 
. 04461 
.04436 
.04476 
.04401 


Av.  for 

5  years, 

per  lb. 


SO. 03802 
.03833 
.04110 
.04215 
.04315 
. 04293 
. 04394 
.04683 
. 04946 
. 04938 
.04926 
.04839 
.04566 
.04379 
.04415 


Av.  for 

10  years, 

per  lb. 


Av.  for 
15  yn.t 
per  lb. 


$0.03947 
.04114 
.04397 
.04581 
.04626 
.04609 
.04617 
.04625 
.04663 
.04676 


$0.04274 
.04349 
.04453 
.04512 
.04556 


16  cts.  a  pound  is  in  line  with  the  trend  or  tendency  of  prices,  at  the  time  of  the 
appraisal.  Since  the  earliest  quotations  on  hand,  beginning  in  1883,  copper 
has  averaged  less  than  16  cents  every  year  save  in  1888,  1899-1901,  incduedye, 
and  1905-1907,  inclusive.  During  those  years  only  309,433  miles  of  wire  out 
of  807,571  in  use  at  the  close  of  1911,  or  38  per  cent,  were  laid.  It  would  be 
easy  to  show  that  copper  had  not  from  the  beginning  averaged  over  15  eta. 
per  pound,  and  had  not  even  averaged  that  for  any  period  of  6  or  more  yean 
before  the  appraisal.  At  the  same  time,  if  the  test  of  value  is  not  to  be  the 
actual  cost  or  recent  costs,  but  probable  costs  of  material  and  labor  during 
the  next  five  years,  then  16  cts,  may  be  accepted  as  a  probable  price. 

In  advocating  the  use  of  the  trend  curve  as  a  basis  for  determining  the  unit 
prices  of  material  for  purposes  of  valuation,  it  can  not  be  said  that  this  method 
will  give,  in  every  case,  results  which  are  absolutely  fair  and  unifbnn.    Judg- 
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meat  is  required  in  its  use  and  unf orseen  developments  may  change  the  trend 
of  the  price  <rf  any  material  but  it  is  believed  that  the  use  of  this  method  will 
give  unit  costs  that  are  more  fair  to  all  parties  concerned  than  any  other 
method  that  has  been  used. 

Past  and  Future  Wage  Levels. — The  following  is  from  an  article  of  mine  in 
Engineering  and  Contracting,  Aug.  31,  1921. 

In  an  article  at  the  beginning  of  this  Chapter  I  showed  that  average  whole- 
sale commodity  prices,  or  price  levels,  are  proportional  to  the  money  per  capita; 
and  to  its  velocity  of  circulation,  and  inversely  to  the  productive  efficiency 
per  capita.  In  the  present  article  it  will  be  shown  that  the  average  wage, 
or  wage  level,  is  proportional  to  the  money  per  capita  and  to  its  velocity  of 
diculation,  but  that  the  productive  efficiency  has  no  effect  upon  the  average 
wage  except  in  so  far  as  it  may  lead  to  an  increase  in  the  per  capita  money. 
It  will  be  shown  that  the  buying  power  of  the  average  wage  (often  called 
the  "real"  wage)  was  stationary  in  England  for  five  centuries,  but  that  begin- 
ning about  the  year  1800  it  began  to  increase  rapidly,  until  in  1914  it  was  nearly 
fi^e  times  what  it  was  in  1800.  It  will  be  shown  that  almost  the  same  per- 
centage of  increase  in  buying  power  occurred  in  America  during  the  same 
period. 

It  will  be  shown  that  the  buying  power  of  the  average  wage  varies  directly 
with  the  per  capita  efficiency  of  production,  and  that  no  other  factor  is 
involved. 

It  will  be  shown  that  in  the  building  trades  the  average  wage  of  common 
laborers  has  risen  at  the  same  rate  as  that  of  skilled  workers  and  that  for  six 
centuries  in  England  the  average  of  common  laborers  has  been  almost  exactly 
60  i)er  cent  of  the  average  wage  of  skilled  workers. 

It  will  be  shown  that  per  capita  money  has  shown  a  rapid  upward  trend  for 
more  than  a  century,  and  that  following  a  short  halt  in  this  tendency  after 
each  great  war.  the  upward  trend  is  resumed.  Hence  it  is  to  be  inferred  that 
average  wages  in  America  will  resume  their  upward  trend,  after  the  present 
wage  readjustment  is  ended.  Since  per  capita  money  in  America  is  now  60 
per  cent  above  the  prewar  level  of  the  year  1913.  average  wages  will  decline 
until  they  reach  the  new  per  capita  money  level.  In  other  words,  the  average 
wage  will  be  about  60  per  cent  above  the  average  wage  of  1913,  after  the  pres- 
ent readjustments  are  completed. 

The  proof  of  the  truth  of  the  wage  formula  above  mentioned  is  overwhelm- 
ing, and  the  establishment  of  its  truth  necessarily  demolishes  the  prevalent 
theory  that  inflation  of  bank  deposits  has  the  same  effect  upon  wage  levels 
as  inflation  of  currency.  The  practical  importance  of  overthrowing  such  a 
false  theory  can  hardly  be  over-estimated,  for  every  modem  nation  has  hith- 
erto acted  upon  the  assiunption  that  inflation  of  currency  is  not  a  serious  evil 
compared  with  inflation  of  bank  credits,  whereas  the  contrary  is  true. 

Money  Wooes  and  **Real"  Wages. — Wherever  the  term  wage  is  used  in 
this  article,  the  daily  or  weekly  wage  in  currency  is  meant.  The  average 
yearly  wage  is  given  in  Table  LXVII  for  manufacturing  employes,  and  it  will 
be  seen  that  it  has  usually  varied  almost  exactly  as  the  daily  wage  level  (Table 
UX)  has  varied. 

The  wage  level  (or  wage  index)  is  calculated  by  averaging  the  wages  in  dif- 

torent  trades,  and  then  taking  the  average  wage  during  a  selected  year  as  a 

>Uiidard  for  comparison.     The  year  1913  is  here  taken  as  100  per  cent.     The 

AUrich  Senate  Report  (No.  1394)  is  my  authority  for  wage  and  price  levels 

the  years  1840  and  1890.    Prior  to  1840  there  was  no  published  wage 
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level,  but  from  dalu  given  Id  the  AimuaJ  Report  oF  tlie  Mata.  Bureau  of  Statis- 
tics of  Labor  for  1885,  I  vaa  B.ble  to  deduce  the  wage  levels  back  to  1T90. 

Fig.  12  and  Table  LIX  give  tbe  daily  wage  level  lor  almost  every  year  for 
the  last  130  years.  Table  LIX  also  gives  the  wage  level  at  five  year  intervals 
prior  to  1790. 

The  buying  power  of  the  average  wage  la  ascertainable  by  dividing  the 
average  wage  by  the  average  commodity  pi^ce,  or,  what  amounts  to  the  aaoM 
tbing,  by  dividing  the  wage  level  by  the  commodity  price  level.    For  this 


(The  Wage  L*vela  are  Irom  Table  LIX  the  footnote  of  whioh  gives  their  aourM. 
Thp  uawdithted  Price  Levels  fropi  1791  to  1840  are  [rom  an  artiole  byH.  V, 
Roel9eiDtheAnii>ricBnSUtiBtii>alAeeoc.  QuBitorly,  December,  1S17;  the  weiihteJ 
F  L  i  f  m  1S40  to  1800  are  from  the  Aldrich  Senate  Report  (No.  1394): 
th    w  igh    dP   ecLcvdsfrom  1sg0to1920BrelTomtheU.8.BiiTeauo[LaboT]. 

purpose  il  would  be  desirable  to  use  a  retail  price  level,  but  Bince  nooe  li 
available  he  wholesale  price  level  muni  be  used.  Except  during  perioda  of 
ve  y  apld  hanges  in  price  levels,  retail  prices  change  in  almost  the  suns 
p  oport  on  as  aholesale  prices  change.  Hence,  for  tlie  purpose  of  this  artide, 
no  err      oc  urs  from  using  the  whotenale  price  level. 

The  last  column  of  Table  LX  gives  the  relative  "real"  wage,  or  tbe  buying 
power  of  tbe  average  wage  in  America  tor  the  last  130  years.  It  is  deducod 
by  dividing  the  numbers  in  the  second  column  by  the  coneapondlng  numbws 
in  the  third  column.     The  buying  power  of  the  average  wage  bting  100  ftw 
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TABifS  LIX. — ^Waox  Lsvsl  or   "Indbx"  for  Ayebagb  Day's  Wage,  the 

Aybbagb  Wage  in  1913  Being  100% 


Wage 

Wage 

Wage 

Wage 

Year 

level 

Year 

level 

Year 

level 

Year 

level 

1752 

15 

1846.. 

40 

1873. . 

. ...  75 

1900... 

. . . .   76 

1765 

15 

1847.. 

. ...  41 

1874.. 

. ...  74 

1901 . . . 

. . . .  80 

1760 

11 

1848.. 

42 

1875. . 

. ...  72 

1902... 

. . . .  82 

1766 

16 

1849.. 

.  ...  41 

1876. . 

69 

1903... 

. . . .  85 

1770 

15 

1850.. 

41 

1377.. 

66 

1904... 

. . . .  86 

1775 

16 

1851.. 

. ...  41 

1878. . 

. ...  64 

1905... 

. . . .  86 

1780 

19 

1852.. 

.  ...  42 

1879.. 

. ...  64 

1906. . . 

. ...  91 

1785 

22 

1853.. 

. ...  42 

1880. . 

. ...  65 

1907.... 

. . . .  92 

1790 

18 

1854.. 

. ...  43 

1881.. 

. ...  69 

1908..., 

. . . .  89 

1794 

25 

1855.. 

,  ...  44 

1882... 

, ...  70 

1909.... 

...  90 

1795  .... 

28 

1856. . 

44 

1883... 

,  ...  72 

1910. . . . 

...  93 

1797 

26 

1857... 

. ...  45 

1884... 

, ...  71 

1911.... 

...  96 

1800 

25 

1858. . , 

,  ...  44 

1885... 

, ...  71 

1912.... 

. ..  97 

1802 

. . . .   33 

1859... 

...45 

1886. . . 

. ..  71 

1913.... 

. ..  100 

1804 

35 

1860. . . 

.  ..  45 

1887... 

...  71 

1914.... 

...  102 

1805 

40 

1861 . . . 

.  ..  46 

1888... 

.  ..  72 

1916 

. ..  103 

1810 

45 

1862... 

.  ..  47 

1889... 

.  ..  74 

1916.... 

...  Ill 

1815 

42 

1863... 

.  ..  54 

1890. . . 

.  ..  76 

1917.... 

...  128 

1820 

52 

1864... 

.  ..  61 

1891 . . . 

.  ..  77 

1918.... 

...  162 

1830 

36 

1865... 

.  ..  68 

1892... 

. ..  77 

1919.... 

. ..  184 

1835 

36 

1866. . . 

.  ..  71 

1893... 

...76 

1920. . . . 

...  220 

1840 

37 

1867. . . 

.  ..  75 

1894 . . . 

...74 

1841 

36 

1868... 

...75 

1895... 

...74 

1842 

38 

1869... 

...76 

1896. . . 

...75 

1843 

38 

1870... 

...76 

1897... 

...75 

1844 

38 

1871... 

...76 

1898... 

...76 

1845 

39 

1872... 

...76 

1899... 

...77 

Note:  From  1762  to  1840  these  wage  levels  have  been  deduced  by  H.  P* 
Gillette  from  wage  statistics  given  in  the  annual  report  of  the  MaseachusQtts 
Bureau  of  Statistics  of  Labor  for  1885,  as  compiled  in  "Comparative  Wages, 
Prices  and  Cost  of  Living,"  by  Carroll  D.  Wright,  and  are  based  mainly  on  New 
England  wages  paid  to  farm  labor  and  to  construction  labor.  From  1840 
to  1890,  the  wage  levels  are  those  given  in  the  Aldrich  Senate  Report,  No.  1394, 
and  are  a  weighted  average  of  about  20  trades.  According  to  that  report,  the 
average  length  of  the  working  day  was  11.4  hours  in  1840;  11  hours  in  1860,  and 
10  hours  in  1890.  From  1890  to  1920  these  day  wage  levels  have  been  deduced 
by  H.  P.  Gillette  from  data  in  the  monthly  Labor  Review  of  the  U.  S.  Bureau 
of  Labor,  and  in  the  monthly  Labor  Market  Bulletin  of  the  New  York  State 
Industrial  Commission  and  in  the  monthly  Crop  Reporter  of  the  U.  S.  Depart- 
ment of  Agriculture. 

Table  LX. — Buying  Power  op  Average  Daily  Wage  in  United  States 

Wholesale  Buying 

Wage  price  power 

Year  level  level  of  wage 

1790 18  88  20 

1800 28  136  20 

1810 45  136  33 

1820 62  96  64 

1830 36  83  43 

1840 37  89  42 

1850 41  83  49 

1860 46  90  60 

1870 76  117  66 

1880 66  93  70 

1890 76  84  90 

1900 76  82  93 

1910... 93  97  97 

1913 100  100  100 

1920 220  243  91 

Note:  The  Buying  Power  of  the  Wage  is  deduced  by  dividing  the  Wage  Level 
by  the  Wholesale  Price  Level. 
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the  year  1913,  it  was  50  for  the  year  1860;  and  20  for  the  year  1800.    In  other 
words,  within  113  years  the  "real"  wage  of  the  average  worker  in  America  « 
had  increased  fourfold,  until  it  was  fivefold  as  great  at  the  end  of  that  i)eriod 
as  at  the  beginning!    The  same  astonishing  increase  occurred  in  Great 
Britain,  as  will  be  shown  later. 

In  my  price  level  article,  I  deduced  the  per  capfta  efficiency  of  productive- 
ness in  America  by  5-year  periods,  from  1859  to  1919;  and  it  is  there  shown 
that  this  efficiency  doubled  between  the  years  1860  and  1910,  which  is  in  almost 
precise  accord  with  the  results  shown  in  Table  LX,  although  they  were  arrived 
at  in  an  entirely  different  way. 

Table  LXI  gives  the  changes  in  wages  and  in  commodity  prices  in  England, 
and  its  footnote  gives  the  sources  of  the  data.  In  connection  it  is  imi)ortaiit 
to  observe  that  the  weight  of  the  poimd  sterling  changed  many  times  betweea 
the  thirteenth  and  the  nineteenth  centuries,  and  that,  therefore  it  is  necessary 
to  multiply  English  wages  and  prices  prior  to  1816  by  factors  to  render  them 
comparable  with  modem  wages  and  prices.  Accordingly,  Table  LXII  has 
been  prepared  for  this  purpose.  As  silver  was  the  common  currency  prior  to 
the  nineteenth  century  I  have  used  the  factors  for  silver  (Xast  colunm  of  Table 
LXII;  in  equating  ancient  English  wages  and  prices.  Prior  to  1782  there  are 
no  British  commodity  pric«  level  or  index  data,  but  I  have  used  average  prices 
of  wheat  for  periods  of  three  years  as  the  basis  of  price  levels. 

Table  LXI  shows  that  for  five  centuries  the  buying  power  of  English  wages 
was  practically  stationary.  Then  came  a  marvelous  increase,  beginning 
about  the  year  1800.  In  114  years  the  buying  power  of  the  average  wage 
rose  from  about  36  to  160. 

Between  the  years  1600  and  1800  pure  science  made  enormous  strides. 
Then  came  its  first  fruits  with  the  invention  of  an  economic  steam  engine  and 
scores  of  other  labor-saving  devices.  The  age  of  pure  science  dawned  about 
the  year  1600.  The  age  of  applied  science  (that  is,  engineering)  dawned  about 
the  year  1800.  What  engineering  has  accomplished  in  a  little  more  than  a 
century  is  truly  amazing.  Yet  the  public  is  so  ignorant  of  both  the  degree 
of  the  accomplishment  and  the  primary  cause  of  it  that  not  one  man  in  ten  cui 
name  either  one. 

It  was  not  labor  unions  that  raised  average  money  wages,  for  that  occurred 
as  a  result  of  the  increase  in  per  capita  money  as  will  be  shown  later.  Nor  did 
labor  unions  raise  "real"  wages,  for  that  was  the  result  of  applied  science. 
Labor  unions  reached  the  apex  of  their  strength  in  Britain  two  centuries  ago, 
but  without  the  slightest  effect  on  the  buying  power  of  English  wages.  Skilled 
labor  in  England  secured  an  average  wage  that  was  about  50  per  cent  greater 
than  that  of  common  labor  as  far  back  as  the  year  1400,  and  it  has  never  been 
able  to  increase  that  ratio.  In  fact,  during  the  recent  war,  skilled  labor  fell 
behind  unskilled  labor  in  the  race.  It  is  profoundly  significant  that  the  most 
completely  organized  labor  in  England  has  been  unable  during  five  centuries 
to  increase  its  average  wage  more  rapidly  than  that  of  unorganized  or  conunon 
labor. 

Fortunately  for  Britain,  its  free  trade  policy  during  the  last  century  has 
prevented  any  extensive  curtailment  of  output  by  trades  unions  for  any  exten- 
sive period  of  time.  America  has  always  been  almost  free  from  such  curtail- 
ment. Hence  these  two  nations  have  progressed  almost  at  the  same  rate  in 
the  Increased  buying  power  of  the  average  wag6. 

Since  economists  are  agreed  that  about  three-fourths  of  all  income  goes  to 
workers  and  one-fourth  to  capital,  it  is  evident  that  future  increases  in  **nai*' 
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Tablb  LXI. — ^English  Wagss  and  Their  Butino  Powsr 

Buyinc 

Skilled  power 

worker  Laborer       Price  level       of  wage 

10.36  $0.17  60  34 

0. 29  0. 17  46  38 

0. 21  0. 12  30  40 

0. 28  0. 19  75  26 

0.64  0.42  116  36 

0. 70  0. 45  120  37 

0.76  0.47  125  38 

0. 89  0. 57  169  36 

1.02  0.61  198  31 

1.25  0.61  178  34 

1.20  0.72 

1.40  0.85 

1.50  0.90  117  77 

1.60  0.95 

1.70  1.05 

1.80  1.15  129  81 

2.30  1.60  100  160 

6. 60  6. 00  290  172 

These  wage  data  are  based  upon  wages  given  by  William  Hardy  in  the 
imes,  Aug.  31,  1920,  but  the  wages  given  by  him  have  been  multiplied 
;tors  given  in  the  last  column  of  Table  LaII.  The  wages  of  "skilled 
are  the  average  wages  paid  to  carpenters,  masons,  bricklayers  and 
gaged  on  public  building  construction  and  maintenance  in  London, 
s  of  "laborers"  relate  to  the  helpers  of  the  "skilled  workers."  The 
laborers  correspond  closely  to  those  given  for  farm  laborers  in  "A 
Agriculture  and  Prices  in  England,  1259  to  1793,"  by  Rogers.  This 
tal  treatise  is  my  source  of  information  as  to  the  prices  prior  to  1788. 
e  level"  data  from  1292  to  1778  are  based  upon  the  average  price  of 
ich,  as  both  Rogers  and  Adam  Smith  observe,  was  the  greatest  staple 
^ork^rs.  The  price  of  wheat,  moreover,  varied  substantially  as  the 
•ther  foodstuffs  varied.  From  1788  to  1860,  the  price  level  is  that  of 
om  1861  to  1872,  that  of  Sauerbeck;  from  1873  to  1920,  that  of  the 

Bt." 

III. — Factors  bt  which  to  Multiplt  English  Prices  and  Wages 
TO  Equate  to  Present  Standard 

Factor  for 

irs  Gold  Silver 

1344 3.30 

1349 3.55  3.26 

1356 3.33  2.93 

1421 3.10  2.64 

1464 2.80  2.20 

1465 2.24  1.76 

1627 2.08  1.76 

1.  73  to  1. 95         1. 47  to  1.  65 

1543 1.86  1.47 

1645 1.62  1.37 

1549 1.55  1,37 

1551 1.37  0.92 

1.30  to  1.41  1.10 

1553 1.41  1.10 

1560 1.30  1.10 

1600 1.41  1.10 

1.28  to  1.39  1.06 

1604 1.39  1.06 

1626 1.25  1.06 

1666 1.14  1.06 

1717 1.05  1.06 

1816 1.00  1.06 

1920 1.00  1.00 

liese  factors  have  been  deduced  from  data  given  in  "History  of  Prices 
ate  of  Circulation,"  by  Thos.  Tooke. 
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wages  are  infinitely  more  dependent  upon  increased  productivity  than  upon 
seciuing  a  greater  share  of  the  total  product.  There  is  no  reason  why  "real" 
wages  can  not  be  increased  as  greatly  during  the  next  century  as  during  the 
past  century.  If  this  is  accomplished  the  average  common  laborer  in  the  year 
2000  will  have  "real"  wages  as  great  as  those  of  the  average  $6,000-a-year- 
man  of  today. 

Up  to  1824  the  working  day  in  America  was  from  "  sun  up  to  sun  down." 
By  1840  it  had  been  reduced  to  an  average  of  11.4  hours,  and  by  1890  to  10 
hours.  It  is  now  probably  about  9  hours,  possibly  8.5  hours.  Since  Table 
LX  gives  only  the  increase  in  the  buying  power  of  average  daily  wages,  at 
least  40  per  cent  should  be  added  to  the  buying  power  in  1913  in  comparing 
it  with  that  in  1800,  if  both  are  to  be  compared  on  the  basis  of  wages  per  hour. 
When  this  is  done,  we  see  that  the  buying  power  of  an  hour's  wages  in  1913 
was  fully  seven  times  that  in  1800. 

The  Author's  Wage  Level  FormvXa. — The  average  wage  paid  in  any  countxy 
during  any  given  year  would  be  ascertainable  by  dividing  the  total  money 
spent  for  wages  by  the  total  number  of  workers.    This  may  be  expressed  thus: 

Money  Spent  for  Wager 

Average  wage  »  — .  _-    . 

Number  of  Workers 

But  the  money  spent  for  wages  is  a  very  constant  percentage  of  the  total 
expenditures,  as  a  study  of  the  census  statistics  indicates.  The  total  annual 
expenditures  are  equal  to  the  average  number  of  dollars  of  currency  multi- 
plied by  the  number  of  times  the  money  is  "turned  over"  during  the  year. 
And  the  number  of  workers  is  a  very  constant  percentage  of  the  population;  so 
if  we  indicate  this  percentage  by  the  letter  k,  and  the  papulation  by  the  letter 
P,  the  number  of  workers  is  k  X  P.  Similarly,  if  we  indicate  the  wage  per- 
centage of  the  total  expenditures  by  c  the  number  of  dollars  of  money  in 
circulation  by  M,  and  the  velocity  of  circulation  by  V,  the  total  money  spent 
for  wages  will  be  c  X  M  X  V.  Hence  the  above  given  formula  for  the 
average  wage  becomes: 

c  X  M  X  V 

Average  wage  =  " 

k  X  P 

Since  it  is  difficult  to  ascertain  the  exact  value  of  c  and,  since  we  are  mainly 
concerned  in  ascertaining  a  "relative  wage,"  or  "wage  level"  (W),  we  can 
pass  at  once  to  the  desired  wage  level  formula  by  substituting  another  constant 
(K)  for  the  quotient  of  the  constant  c  divid.ed  by  the  constant  k.  We  then 
have: 

M  X  V 

Wage  level  (W)  =  K  X  — ~- 

Thls  Is  the  desired  formula  for  wage  levels,  and  an  application  of  it  to  actual 
daily  wage  levels  discloses  that  the  constant  K  has  a  value  of  H  when  the  wage 
level  is  taken  at  100  for  the  year  1913.    Hence  we  have: 

M  X  V 

W  =  >^  X  —^ 

This  gives  the  annual  wage  level,  but  since  the  number  of  days  worked 
annually  is  normally  about  constant,  it  also  gives  approximately  the  dally 
wage  level. 


PRICES  AND  WAGES  119 

II  wiU  be  seen  that  ibla  wage  level  fonnula  differs  from  m;  commodity  price 
lertl  formula  In  not  contaJnlng  a,  factor  for  efficiency  of  productloQ  (E) ,  Tbe 
pike  terel  formula  la: 


The  buylns  power  of  the  dally  wage  ia  measured  by  dividing  the  dally  wage 
Ind  (W)  by  tbs  commodity  price  level  (w).  Hence.  If  we  divide  the  lost 
aquatloii  into  the  equation  preceding  It  we  get ; 

Buying  Power  of  Wage   1  —  1    -HXE 
En>TeflBed  verbally  thia  last  formula  meaoa  that  the  buylni;  power  of  the 
aiBige  wage  is  proportional  to  the  per  capita  efficiency  of  production.    IF  tbe 
wage  level  formula  Is  found  to  be  correct,  the  conclusion  la   Inevitable  that 
tbe  level  of  "real"  wagesiisesorfatlsexBctly  InproportionCotherlseortallln 


Fio.  13.— Actual  compared  with  calculated  wage  levels. 

K  capita  efficiency  of  production.  I  have  established  the  correctness  of  tbe 
trmmodity  price  level  formula  by  showing  that  it  accords  closely  with  conuno- 
<lilj  price  levels.  It  now  remains  to  prove  (be  correctness  of  the  wage  level 
fonnula  in  the  same  manner.  Table  LXIIl  and  Fig.  13  show  such  a  comparison 
lor  tbe  past  30  jeare.  The  agreement  Is  very  close.  Unfortunately,  values 
lortdodly  of  circulation  (V)  cannot  be  very  accurately  estimated  much  back 
*  1S89,  but.  since  V  has  a  value  that  osetUatea  between  a  and  11,  we  may 
"Wme  It  to  have  been  10  every  year,  and  tl  the  value  for  the  wage  level 
iWited  by  BubstiUiting  10  for  V  In  the  wage  level  foimiila  agree  roughly  with 
Um  utual  wage  levels  for  the  past  SO  years  we  may  be  certain  that  the  wage 
feni  lomiula  la  aubatantially  correct.  Table  XLIV  shows  such  acomparison 
lij  S-year  intervals  from  1840  to  1B20.  It  Is,  I  believe,  a  complete  proof  of 
tbt  nibatanlUI  truth  of  the  wage  level  formula.  Therefore,  we  reach  this 
TBylmponult  (and.  bo  lai  aa  I  know,  novel)  generalization: 
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Aside  from  the  relatively  minor  fluctuations  in  the  velocity  of  circulation 
of  the  currency,  the  general  wage  level  is  proportional  to  the  per  capita  cur- 
rency in  circulation. 

Having  this  information  it  becomes  possible  to  forecast  the  future  trend  of 
daily  wage  levels,  or  wage  indexes.  Per  capita  gold  is  now  54  per  cent  above 
the  1913  level,  and  per  capita  currency  of  all  kinds,  including  gold,  is  60  per 
cent  above  the  1913  level.  If  we  hold  this  increase  in  currency,  the  new  wage 
level  will  be  60  per  cent  above  the  prewar  level.  The  only  question  then  ia  as 
to  the  probable  future  trend  of  our  per  capita  currency. 

For  the  past  two  years  our  per  capita  currency  has  been  nearly  constant. 
The  decrease  in  paper  money  (Federal  Reserve  notes)  has  been  ofFset  by  the 


Table  LXIII. — Wage    Levels,    Actual   and   Calculated  bt   a   Oorbbct 

FOBMULA 


Wage  level 

Wage  level 

Year 

Actual 

Calculated 

Year 

Actual 

Calculated 

1890 

1895 

1900 

1905 

76 

74 

76 

86 

74 
67 
78 
85 

1910 

1915 

1920 

94 

103 

200 

94 

97 

204 

Note:  The  formula  used  was:  W  »  H  X  M/P  X  V,  or  the  wage  level  is  one- 
tliird  the  per  capita  money  multiplied  by  its  velocity  of  circulation.  The  velocity 
of  circulation  is  •the  ratio  of  aajusted  annual  bank  clearings  to  average  bank 
deposits  (individual),  the  sidjustment  being  made  as  explained  in  the  article 
on  Past  and  Future  Price  Levels  at  the  beginning  of  tliis  chapter. 


Table  LXIV. 


Year 


-Wage  Levels,  Actual  and  Calculated  bt  an  Appboximatb 

Formula 


-Wage  level- 


Actual    Calculated 


1840 
1850 
1855 
1860 
1865 
1870 
1875 
1880. 


37 
41 

44 
45 
68 
76 
72 
65 


36 
40 
51 
46 
68 
58 
57 
65 


Year 

1885. 
1890. 
1895. 
1900. 
1905. 
1910. 
1915. 
1920. 


Wage  level 

Actual 

Calculated 

71 

77 

76 

76 

74 

77 

76 

89 

86 

103 

94 

114 

103 

120 

220 

191 

Note:  The  formula  used  was:  W  «=  i%  X  M/P,  or  the  wage  level  is  ten-thirds 
of  the  per  capita  money.  This  formiUa  is  only  approximately  correct,  for  it 
assumes  a  constant  velocity  of  circulation  of  money.  See  Table  LXIII  for  an 
application  of  the  more  precise  wage  level  formula. 

inflow  of  gold.  The  great  nations  of  Europe  have  issued  huge  quantities  of 
paper  money,  which  would  normally  drive  out  much  of  their  gold  to  other 
nations,  even  were  they  not  debtors  to  those  other  nations  to  begin  with. 
But  the  victorious  allied  war  nations  are  debtors  to  America  to  an  enormous 
extent — about  $9,000,000,000.  The  payment  of  the  interest  on  this  huge 
sum  would  alone  increase  our  per  capita  currency  6  per  cent  annually.  Al- 
though our  per  capita  gold  is  already  54  per  cent  above  the  prewar  level,  it  is 
almost  certain  to  rise  still  more  in  the  next  few  years,  not  merely  because  of 
interest  payments  from  Europe,  but  because  of  the  economic  necessity  of 
restoring  the  exchange  equilibrium. 

Every  great  per  capita  increase  of  currency  in  any  natioii  results  in  a  flow  of 
its  gold  to  countries  whose  per  capita  increase  has  not  been  so  great.  Duiiof 
and  following  our  Civil  War,  most  of  our  gold  flowed  away  to  Europe.  Tbt 
same  phenomena  is  now  occurring  in  a  reverse  direction,  but  for  the 
reason. 
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T&T  these  ieasoiis»  and  based  on  the  history  of  the  flow  of  gold  during  and 
after  previous  great  modem  wars,  it  is  safe  to  infer  that  our  present  per  capita 
currency  will  not  decrease  materially  during  the  next  few  years,  and  that  it  will 
ultimately  increase. 


Table  LXV. — Day  Waqsb  in  New  England 


Year 
1752. 
1755. 
1760. 
1766. 
1770. 
1775. 
1780. 
1785. 
1790. 
17»5. 
1800. 
1805. 
1810. 
1815. 
1820. 
1827. 
1830. 
1835. 
1840. 
1845. 
1850. 
1855. 
1860. 


Farm 

Carpenter 

Laborer 

laborer 

$0.33 

$0.33 

•   •   •   •    • 

0.33 

0.36 

0.25 

0.25 

•      •      a      •      • 

0.33 

0.36 

$0.44 

0.34 

0.34 

0.36 

0.38 

0.34 

0.44 

0.44 

0.42 

0.59 

0.56 

0.41 

0.59 

0.40 

0.38 

0.75 

0.67 

0.57 

0.92 

0.69 

0.42 

1.46 

0.77 

1.00 

1.05 

1.00 

1.00 

0.87 

0.99 

0.87 

1.00 

0.68 

0.75 

1.00 

•    ■    •    • 

0.74 

0.87 

1.30 

0.73 

0.87 

0.78 

•   •    •   • 

1.29 

i:oo 

0.95 

1.50 

1.00 

•    ■    •    • 

1.55 

1.00 

•    •    •    • 

1.37 

1.10 

1.06 

Note:  These  wages  are  from  the  Annual  Report  of  the  Massachusetts  Bureau 
(A  Statistics  of  Labor  for  1885,  as  compiled  by  Carroll  D.  Wright  in  his  book  on 
"Comparative  Wages,  Prices  and  Cost  of  Living." 

Table  LXVI. — Dat  Wages  in  Building  Trades 

-Massachusetts 

Mason'd      Carpenter's 
helper  helper 


Mason 


Pennsylvania 

Year  Carpenter's 

1840 $1.25 

1845 1.25 

1850 1.25-1.37 

1855 1.50 

1860 1.75 

1862 2.00-2.25 

1864 2.25-3.00 

1865 2.35-2.75 

1866 2.50-2.64 

1868 2.50-2.67 

1870 2.50-2.65 

1875 2.36-2.75 

1880 2.30-2.75 

1885 2.70-2.75 

1890 2.70-2.88 

Note:  These  wages  are  from  the  Aldrich  Senate  Report  No.  1394. 

In  answering  this  important  question  of  the  flow  of  gold  between  countries, 
the  price  formula  can  be  applied  to  advantage.  It  can  be  easily  shown  that 
the  average  prices  in  two  countries  that  trade  with  one  another  on  a  large 
scale  must  become  substantially  equal.  Hence  we  may  deduce  that  the  per 
capitA  money  in  each  of  two  such  countries  must  be  proportional  to  their 
per  capita  efficiency  of  production.  Also,  it  follows  that  gold  must  flow  from 
the  less  effici^it  nation  to  the  more  efficient  nation,  also  that  it  must  flow  from 
the  nation  that  has  increased  its  paper  money  to  the  country  that  has  not 


$0.74 

$1.75 

$1.05 

0.83 

1.78 

1.09 

0.88 

2.03 

1.43 

1.00 

2.35 

1.50 

1.25 

2.91 

1.75 

1.62 

3.21 

1.81 

1.39 

3.62 

2.06 

1.42 

2.96 

1.68 

1.50 

2.41 

1.75 

.     1.18 

3.59 

1.58 

•    1.21 

3.40 

1.56 

1.12 

122 


HANDBOOK  OF  CONSTRUCTION  COST 


increased  its  paper  money  so  greatly.  This  is  a  disturbing  factor  that  America 
has  to  reckon  with  for  years  to  come,  and  it  may  result  in  a  marked  increase 
in  our  per  capita  currency,  hence  in  our  money  wages  within  a  few  years. 

Table  LXVII. — Average  Annual  Wages  and  Salaries  in  Manufacturing 

Industries 

Salary 
Salary  and 

Salary  Wage  and  wage 

Year  Salary         level  Wage  level  wage  level 

1849 

1869 

1869 

1879 

1889 

1899 

1904 

1909 

1914 

1919*. 


850 
1.046 
1,103 
1.188 
1,380 
1,941* 


•  •  • 

•  •  • 

$   248 

37 

289 

43 

•  ■  • 

«  •  • 

378 

56 

•  •  • 

•  •  ■ 

347 

52 

64 

$   444 

76 

484 

72 

78 

426 

74 

469 

70 

82 

477 

82 

532 

79 

89 

518 

89 

590 

88 

100 

580 

100 

671 

100 

140 

1,074' 

185 

1,178* 

176 

•  For  only  15  states. 

Note:  Prior  to  1889  the  U.  S.  Census  reports  do  not  give  wages  and  salaries 
separately.  The  compensation  is  supposed  to  be  given  in  currency  throughout 
the  entire  period;  but  judging  from  the  wage  levels  for  1869  and  1879,  it  would 
appear  that  many  manufacturers  reported  wages  paid  in  gold,  which  was  then  at 
a  premium.  Excepting  for  those  two  census  vears  the  wage  levels  in  this  table 
agree  very  well  with  those  in  Tables  LIX  and  LXVIII.  The  census  report  for 
1919  is  not  yet  completed,  so  the  data  in  this  table  for  1919  are  merely  indicative 
in  a  general  way,  as  they  apply  only  to  15  states. 


Table  LXVIII. — Hourly  Wage  Index.     Year  1913  =  100% 


Year 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 


Wage 
index 
..  33 
..  34 
..  33 
..  33 
...32 
..  33 
..  34 
..  34 
..  35 
..  36 
..  35 
..  34 
..  35 
..  35 
..  37 
..  38 
..  39 
..  40 
..  39 
..   39 


Year 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871 68 


Wage 
index 
..  39 
..  40 
..  41 
..  44 
..  50 
..  58 
..  61 
..  63 
..  65 
..  66 
..  .67 


1872. 
1873. 

1874. 
1875. 
1876. 
1877. 
1878. 
1879. 


69 
69 
67 
67 
64 
61 
60 
59 


Year 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 


Wage 

index 

. .  60 

,  .  62 

.  .  63 

,  .  64 

.  64 

.  64 

.  64 

.  67 

.  67 

.  68 

.  69 

.  69 

.  .  69 

.  69 

.  67 

. .  68 

,  .  69 

.  .  69 

.  .  69 

.  70 


Year 

1900. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906 

1907 

1908. 

1909. 

1910. 

1911. 

1912. 

1913. 

1914. 

1915. 

1916. 

1917. 

1918. 

19191 

1920* . 


Wage 

index 

73 

74 

77 

80 

80 

82 

85 

89 

89 

90 

93 

95 

97 

,     100 

,     102 

103 

in 

128 

,     162 

U84 

*234 


1  This  index  number  applies  to  the  spring  of  1919.  Wage  rates  advanced 
during  the  year. 

2  This  index  number  applies  to  the  summer  of  1920,  and  probably  represents 
the  wage  peak  of  the  year. 

Note:  Wages  are  in  currency  throughout  the  entire  period.  This  wage  level 
table  was  compiled  by  the  U.  S.  Bureau  of  Labor. 

One  of  the  most  important  conclusions  to  be  drawn  from  the  wage  level 
formula  is  this:  In  the  past  30  years  per  capita  bank  deposits  have  increased 
twice  as  rapidly  as  per  capita  money.  Since  bank  deposits  are  nearly  6  times 
as  great  as  currency,  it  would  follow  that  if  inflation  of  bank  deposits  (or 
"credit  money")  acts  precisely  as  inflation  of  currency  acts,  then 
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BhoDld  haTe  iImd  ne&ily  twice  as 

I«UB.  Tha  lalluie  of  wage  levi 
depoatts,  therefore  demoUahen  t 
dspoBlts)  aStxAa  wiige  leveJi 


;h  u  the;  acttuUl;  did  rise  In  tbe  Uat  30 
theoT7   tbal    "er«llt    currency"     (bonk 


mge  levels.  1  had  alreadr  shown  the  laUac;  ol  this  theory  in  my  article  on 
price  levels;  but  it  is  non  shown  again  frorn  this  wage  level  study.  It  can  no 
longer  be  successfullr  contended  that  changes  In  per  capita  currency  are 
relatively  Immaterial  ao  long  as  changes  In  the  volume  of  credit  occur.  The 
truth  is  that  "credit  currency"  is  of  comparatively  minor  Importaoce  aa  a 
factor  in  tlieehangeB  in  wage  and  price  levels,  Its  only  elTect  being  the  relatively 
amoll  fluctuations  that  It  causes  in  the  velocity  of  money  circulation. 
T*BL»  LXIX.— iNDEtm  or  Union  Mmnrow  Waqe  R.tkb  imd  Kokm  o» 
LuoR.     Yeah  1913  -  100% 


-I 
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Wages  in  Building  Trades. — ^W.  N.  Patten,  in  Stone  and  Webster  Journal 
(reprinted  in  Engineering. and  Contracting,  May  25, 1921)  gives  the  following: 

Fig.  14  shows  increase  in  the  average  rates  of  wages  for  twenty-two  repre- 
sentative trades  in  the  construction  industry  for  the  period  between  July* 
1913,  and  Jan.  1,  1921,  for  the  cities  of  San  Francisco,  Galveston.  New  York. 
Pittsburgh,  Boston  and  Cincinnati. 


Table  LXX. — Avbbaqb  Builoinq  Waobs  Peb  Houb 
(According  to  U.  S.  Bureau  of  Labor.) 

Year                           1913  1914  1915  1916  1917  1918  1919     1920 
Building  trades 

Briddayers 686  .  699  .  706  .  713  .  734  .789  .878  1.200 

Bricklayers — sewer,   t  u  n  n  el, 

and  caisson 960  .960  .960  .960  .989  1.065  1.086  1.459 

Building  laborers 309.312.312.327.361  .423  .482     .698 

Carpenters 530.641.546.562.610  .668  .774  1.034 

Carpenters,    parquetry-floor 

layers 568.603.608.614.659  .739  .847  1.246 

Cement  finishers 552.557.563.568.602  .662  .746  1.010 

Cement  finishers' helpers 360.364.364.367.382  .447  .508     .814 

Cement  finishers' laborers 418.418.418.431.460  .536  .606     .907 

Engineers,  portable  and  hoist- 
ing   586  . 592  . 598  . 604  . 633  .727  . 797  1.082 

Hod  carriers 356  .  359  .  363  .  373  .  416  .487  .669     .826 

Inside  wiremen 547  .  564  .  575  .  586  .  624  .  695  .  799  1. 051 

Inside  wiremen,  fixture  hangers  .  491  .  521  .  521  .  540  .  580  .  634  .  707     .  953 

Lathers 485.494.499.514.533  .577  .640     .916 

Marble  setters 665  .  672  .  678  .  678  .  685  718  .  798  i:061 

Marble  setters'  helpers 404  .  408  .  408  .  408  .  432  .  453  .  617     .873 

Painters 505  .  520  .  526  .  571  .  591  .652  .  763  1. 041 

Painters,  fresco 544  .  566  .  566  .  636  .  642  .664  .  778  1. 116 

Painters,  sign 629  .  629  .  629  .  648  ,  674  .736  .  888  1. 196 

Plasterers 674  .  680  .  680  .  707     728  .761  883  1. 162 

Plasterers' laborers 409.417.417.429.458  .528  -601     .871 

Plumbers  and  gas  fitters 619  .  625  \  631  .  637  .  662  .  724  .  823  1. 064 

Sheet-metal  workers 512  .  532  .  538  .  548  .  573  .  671  .  737     .  988 

Steam  fitters 598  .  610  .  622  .  634  .  658  .  723  .807  1.070 

Steam  fitters'  helpers 312  .319  .328  .  331  .  353  .  409.  .490     .700 

Stonemasons 610  .  628  .  634  .  646  .  671  .  731  .  823  1. 146 

Structural-iron  workers .  617  .  629  .  629  .  641  .  678  .  777  .  882  1. 104 

Structural-iron  workers,  finish- 
ers   594  . 606  . 606  . 618  . 647  .730  .  814  1.069 

Structural-iron  workers,  finish- 
ers'helpers 405.409.409.409.445  .498  .599     .826 

Tile  layers 652.658.658.671.704  .723  .788  1.062 

Tile  layers' helpers 359.362.373.387.398  .409  .498     .814 

Metal  Trades 

Blacksmiths 426.435.435.452.486  .694  .758     .899 

Blacksmiths'  helpers 276  .  279  .  287  .  301  .  337  .492  .550     .663 

Machinists 391   .  399  .  399  .  454  .  497  .654  .724     .818 

Machinists' helpers. 274.274.274.293.323  .411  .460     ,676 

Note:  In  the  building  trades  the  average  day  was  8  hrs.,  but  after  1916  there 
was  an  almost  universal  adherence  to  a  44-hour  week. 


Wages  of  Common  Labor  on  Construetion  Work. — ^The  wages  shown  in 
Table  LXXI  are  approximately  the  same  as  those  paid  common  labor  on 
construction  work.  Table  LXXII  shows  that  the  average  wage  varied 
greatly  in  different  sections  of  the  U.  S.  These  data  are  from  the  Monthly 
Crop  Report,  published  by  the  U.  S.  D^pt.  of  Agriculture. 
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Tablb  LXXL — Aybbacob.  Day  Wagbb  of  Fabm  Labor  in  U.  S. 
(Without  board  and  during  harvest  time) 


Year 

Wage 

Year 

Wage 

Year 

Wage 

Year 

Wage 

1866 

2.20 

1888 

1.31 

1898 

1.30 

1913 

1.94 

1869 

2.20 

1890 

1.30 

1899 

1.37 

1914 

1.91 

1875 

1.70 

1892 

1.30 

1902 

1.53 

1915 

1.92 

1879 

1.30 

1893 

1.24 

1910 

1.82 

1916 

2.07 

1882 

1.48 

1894 

1.13 

1911 

1.85 

1917 

2.54 

1885 

1.40 

1895 

1.14 

1912 

1.87 

1918 

3.22 

•  •  •  • 

•  •  •  • 

•  •  ■  « 

•  •  ■  ■ 

•  •  •  • 

•  •  •  • 

1919 

3.83 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

1920 

4.36 

Note:  These  wages  are  for  farm  labor  hired  at  harvest  time;  but  at  other  times 
of  the  year  the  wages  were  less,  being  about  33  %  less  in  1866,  25  %  less  in  1914, 
and  20  %  less  in  1919. 


Tablb  LXXII. — Day  Wages  of  Fabm  Labob 
(Without  board  and  during  harvest  time.) 


State                   1910  1919 

North  Carolina 1.  28  3. 01 

North  Dakota 3. 03  5. 85 

Ohio 2.07  4.22 

Oklahoma 1. 97  4. 80 

Oregon 2.  60  4. 85 

Pennsylvania 1. 96  3.  71 

Rhode  Island 2.05  3.50 

South  Carolina 1.12  2. 40 

South  Dakota 2. 95  6. 00 

Tennessee 1. 44  2.  70 

Texas 1.57  3.68 

Utah 2.20  4.10 

Vermont 2. 25  3.  82 

Virginia 1. 44  3. 10 


Washington 2.  78 

West  Virginia 1.65 

Wisconsin 2.20 

Wyoming 2.50 


5.40 
3.40 
4.02 
4.70 


State  1910     1919 

Alabama 1.26  2.30 

Arizona 2. 24  3. 65 

Arkansas 1.55  3.10 

California 2.48  4.69 

Colorado 2. 47  4. 60 

Connecticut 2. 00  3. 75 

Delaware 1 .  55  4. 00 

Florida 1.46  2.30 

Georgia 1.23  2.30 

Idaho 2.80  4.95 

lUinois 2.30  4.63 

Indiana 2.07  4.30 

Iowa 2.51  5.20 

Kansas 2.57  6.05 

Kentucky 1. 71  3. 35 

Louisiana 1. 25  2.  56 

Maine., 1.95  3.85 

Maryltfhd 1.64  3.70 

Massachusetts 1.92  3.75 

Michigan 2.10  4.30 

Minnesota 2. 65  5. 15 

Mississippi 1.-22  2.30 

Missouri 1.93  4.35 

Montana 2.80  4.95 

Nebraska 2.60  6.25 

Nevada 2.38  4.45 

New  Hampshire 1.  84  3.  80 

New  Jersey 2.15  4.10 

New  Mexico 1.88  3.20 

New  York 2.22  4.02 

Note:  North  Atlantic  division:  Maine,  New  Hampshire,  Vermont,  Massa- 
chusetts, Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania; 
South  Atlantic  ^vision;  Delaware,  Marjrland,  Virginia,  West  Virginia,  North 
CaroUna,  South  Carolina,  Georgia,  Florida;  North  Central  division  (east  of 
Mississippi  River):  Ohio,  Indiana,  Illinois,  Michigan,  Wisconsin;  North 
Central  division  (West  of  Mississippi  River):  Minnesota,  Iowa,  Missouri,  North 
Dakota,  South  Dakota,  Nebraska,  Kansas;  South  Central  division:  Kentucky, 
Tennessee,  Alabama,  Mississippi,  Louisiana,  Texas,  Oklahoma,  Arkansas;  Far 
Western  division:  Montana,  Wyoming,  Colorado,  New  Mexico,  Arizona,  Utah, 
Nevada,  Idaho,  Washington,  Oregon,  and  California. 


Average 1. 82     3. 83 


Oeographic  Divition 

North  Atlantic 2. 08  3.  86 

South  Atlantic 1.  33  2.  82 

North  Central  East 2.16  4. 32 

North  Central  West   ...  2.  43  5.  33 

South  Central 1.  47  3. 14 

Far  Western 2.  52  4.  67 
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These  wages  4re  approximately  the  same  as  those  paid  for  common  labor 
on  construction  work.  In  the  South  Atlantic  and  South  Central  Divisions 
the  laborers  are  mostly  negroes. 

Rate  of  Wages  per  Hour  for  Common  Labor  on  Highway  Work,  1912  to 
1919. — Engineering  and  Contracting,  March  19,  1919,  reprints  a  committee 
report  to  the  1919  convention  of  the  American  Road  Builder's  Association,  in 
regard  to  labor  conditions  as  regards  highway  work,  from  which  the  following 
data  are  abstracted. 

A  questionnaire  was  sent  out  to  all  state  highway  departments,  to  the  city 
oigineer  of  all  cities  having  a  population  in  excess  of  100,000  and  to  many 
of  the  large  road-building  contractors  throughout  the  country .  Replies  to  this 
questionnaire  were  received  from  39  of  the  48  state  highway  departments,  from 
64  of  the  82  cities  to  which  it  was  sent,  and  from  24  road  contractors. 

Summary  of  Replies  from  State  Highway  Departments. — Thirty-nine 
state  highway  departments  made  replies  to  the  questionnaire.  As  some  of  the 
departments  are  only  2  years  old  their  replies  were  not  used  in  figuring  average 
rates  of  wages. 

In  1912  the  average  rate  per  hour  as  reported  by  27  states  was  $  188.  while 
in  the  same  year  Georgia  was  paying  $0.09  and  Nevada  was  paying  $.40 
Only  six  states  were  paying  $.25  or  more  and  10  states  were  paying  $.15  or 
less — the  most  of  them  less.  In  1913  the  average  as  reported  by  28  states 
was  $.20.  In  1914  the  same  states  report  an  average  of  $.205,  in  1915  of 
$.225,  in  1916  of  $.2585.  in  1917  of  $.303  and  in  1918  of  $.39.  The  highest 
rate  for  1918  is  reported  by  Oregon  and  is  $.58.  The  lowest  is  by  South 
Carolina  and  is  $.18  per  hour. 

Summaries  of  Replies  from  Cities. — Fifty-four  out  of  82  cities  replied  to  the 
questionnaire.    Forty-six  furnished  information  as  to  wages  for  all  years  from 

1912  to  1918.  Taking  the  year  1912,  Spokane,  Wash.,  reports  $.37H  P^ 
hour,  which  was  the  highest,  and  Birmingham,  Ala.,  with  $.14  was  the  lowest, 
while  the  average  rate  for  the  year  was  $.234.  In  1913  these  46  cities  report 
an  average  wage  of  $.238  per  hour.  In  1914  the  average  was  $.245;  in  1915, 
$.255;  in  1916,  $.276;  in  1917,  $.312;  in  1918,  $.384.  Boston,  Mass.,  reported 
the  highest  rate  for  1918.  It  is  $.52>2  per  hour.  San  Antonio,  Tex.,  had  the 
lowest  for  the  year,  $.25,  while  Atlanta,  Ga.,  and  New  Haven,  Conn.,  both 
report  a  wage  of  $.28 

Summaries  of  Replies  from  Contractors. — Twenty-four  contracting  firms, 
well  distributed  throughout  the  country,  make  replies,  which  may  be  summar- 
ized as  follows:  The  average  rate  of  wages  they  paid  in  1912  was  $.192;  in 

1913  it  was  $.20;  in  1914,  $.21;  in  1915,  $.23;  in  1916,  $.256;  in  1917,$.315;in 
1918,  $.397. 

Wages  of  Skilled  and  Common  Labor  Paid  by  Railroads  1896-1917. — 
Tables  LXXIII  and  LXXIV  have  been  prepared  from  the  records  of  daily 
compensation  given  in  the  annual  Reports  of  the  Interstate  Commerce  Com- 
mission. These  records  start  with  the  year  ended  June  30,  1892.  The 
United  States  has  been  divided  into  territorial  districts  and  all  railroads 
(excepting  terminal  and  switching  companies)  within  each  district  are 
included^  • 

From  1892-1910  inclusive  the  country  was  divided  into  10  districts  as 
shown  in  Fig.  15. 

From  July  1,  1910  the  country  has  been  divided  into  three  districts  and  the 
roads  classified  as  Class  I,  II  or  III  depending  upon  the  amount  of  gross 
earnings. 
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The  "Eastern  District"  is  made  up  of  the  New  England  States  together 
with  New  York,  Pennsylvania,  New  Jersey,  Delaware,  Maryland,  the  North- 
em  part  of  West  Virginia,  Ohio,  Indiana,  Michigan  with  the  exception  of  the 
northern  peninsula  and  that  part  of  Illinois  east  of  a  line  from  Chicago  to 
Peoria  and  to  East  St.  Louis. 

The  "Southern  District"  consists  of  Kentucky,  West  Viiginia,  Virginia, 
Tennessee,  North  Carolina,  South  Carolina,  Georgia,  Florida,  Mississippi, 
that  part  of  Louisiana  east  of  the  Mississippi  River  and  Alabama. 

The  "  Western  District"  consists  of  ail  states  west  of  the  Mississippi  River 
and  the  western  boundary  line  of  the  Eastern  District,  referred  to  above 
and  running  from  East  St.  Louis  to  Peoria  to  Chicago. 

Commencing  July  1,  1914  the  compensation  is  given  as  the  average  hourly 
rate,  instead  of  the  daily  rate  as  previous  to  that  date.  The  employees 
of  the  roads  were  also  classified  more  extensively. 

In  1916  reports  were  changed  from  the  fiscal  year  ending  June  30th  to  a 
fiscal  year  coinciding  with  the  calendar  year. 

In  1917  only  compensation  of  Class  I  carriers  is  given  (hourly  compensation 
report.)  However,  Class  I  employees  aggregated  approximately  94.5  per 
cent  of  the  total  in  the  United  States  and  therefore  Table  LXXIII  has  been 
prepared,  giving  compensation  records  for  this  class  only. 

The  following  statement,  given  in  the  ICC  Statistics  Report  for  1910 
regarding  average  daily  compensation  of  employees,  should  be  noted  in  using 
the  tables. 

"The  statements  pertaining  to  average  daily  compensation  are  not  alto- 
gether satisfactory.  The  compensation  of  employees  on  account  of  overtime 
work,  for  example,  is  not  reflected  in  these  averages,  although  the  fact  that 
overtime  work  is  paid  for  at  a  higher  rate  than  for  the  hours  covered  by  the 
custcHnary  day  does  affect  the  average  daily  compensation  here  reported. 
It  is  not  possible  to  change  the  basis  of  compiling  and  reporting  compensation 
for  railway  employees  so  as  to  arrive  at  the  average  amoimt  earned  each  day 
by  the  average  employee  of  each  class  without  either  changing  the  rules 
according  to  which  certain  classes  of  railway  employees  are  paid  or  formulating 
a  set  of  arbitrary  rules  for  converting  compensation  into  a  daily  wage.  Mudbi 
study  has  been  given  to  this  question,  but  thus  far  without  arriving  at  any 
satisfactory  solution.  Meanwhile  the  tables  are  continued,  and,  if  properly 
understood  will  serve  a  useful  purpose  as  a  basis  of  comparison  from  iirear  to 
year." 


Table  LXXIII. — Average  Compensation  per  Hour  in  Dollars 

(Class  I  Roods) 

All 

1917  (calendar)                                 dist.  East  South  West 

Machinists 0. 462  0. 429  0. 497  0. 498 

Blacksmiths 446  .  431  .  468         .  458 

Masons 327  .333  .  268         .  354 

Str.  iron  workers 357  .  339  .  313         .  425 

Carpenters 322  .  330  .  301         .  324 

Painters 347  .352  .  343         .  344 

Section  foremen 2.  592*  2.  795*  2. 524*  2. 476* 

Trackmen 192  .212  .151         .  193   . 

Other  unskilled  labor 224  .240  .182         .  228 

Foremen,  const,  gangs 309  .  319  .  300         .  290 

*  Items  marked  *  are  dollars  per  day. 
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Rental  Prices  for  Constmetioii  Equipment. — ^A  schedule,  evolved  from 
the  records  and  experiences  of  contractors,  manufacturers  and  rebuilders  of 
equipment,  and  designed  to  furnish  contractors  with  a  practical  means  for 
estimating  equipment  expense  and  determining  adequate  rental  charges  has 
been  approved  by  the  Executive  Board  of  the  Associated  General  Contractors. 
The  schedule,  which  was  prepared  by  the  Research  Division  under  the  direc- 
tion of  the  Committee  of  Methods  of  the  Association,  is  given  in  the  Nov. 
Bulletin  of  the  Associated  General  Contractors.  The  schedule  and  discussion 
of  its  application  as  abstracted  in  Engineering  and  contracting,  Dec.  15, 1920, 
follow. 

To  use  the  schedule  with  safety,  it  is  essential  to  understand  how  the 
amounts  were  obtained,  how  they  are  to  be  applied,  and  how  they  are  Umited 
for  determining  rental  charges.  Knowing  these  things,  no  great  difficulty 
should  be  found  in  establishing  the  charges  within  the  bounds  of  practical 
accuracy. 

For  the  reason  that  arithmetical  averages  as  obtained  from  available  records, 
gave  few  rational  values  for  depreciation  and  repairs,  such  averages  were 
given  less  weight  in  establishing  the  tabular  amounts  than  the  practical 
experience  of  contractors.  In  fact,  the  strongest  evidence  that  these  amounts 
are  reasonably  safe  and  accurate  lies  in  the  endorsement  given  them  by 
experienced  general  contractors. 

_A  tentative  draft  of  the  schedule  was  submitted  to  members  in  the  Weekly 
Bulletin  of  July  31.  They  were  asked  to  criticise  the  amounts  and  offer 
suggestions.  In  accordance  with  the  criticism  received,  which  evinced 
considerable  study  upon  the  subject,  some  of  the  tabular  amounts  were 
changed.  As  it  now  stands,  th^  schedule  represents  the  consensus  of  opinion 
of  many  contractors,  and  with  the  proper  understanding  of  what  the  percent- 
age amounts  mean,  it  should  offer  a  safe  means  of  estimating  rental  charges. 

What  the  Values  Mean. — The  endless  variation  of  job  conditions,  svtch  as 
topography,  ground  formation  and  climate,  indicate  how  great  may  be  the 
error  of  any  fixed  equipment  charge  when  applied  to  the  exceptional  job.  But 
having  figures  which  represent  the  mean  of  many  projects,  a  starting  ix>int 
exists  for  ascertaining  reasonable  charges,  for  the  exceptional  circumsUmces. 
Figures  given  in  the  standard  schedule  may  be  said  to  show  equipment  expense 
when  machines  are  not  required  to  operate  continuously  under  either  the 
worst  or  the  best  of  operation  strain.  When  no  especially  favorable  or  un- 
favorable circumstances  attend  a  project,  the  tabular  values  probably  give  the 
expense  within  a  permissible  error. 

To  eliminate  error  as  far  as  possible  by  permitting  consideration  and  com- 
parison of  the  individual  items  that  make  up  equipment  expense,  the  gross 
amounts  are  reduced  to  their  component  parts.  Thus  any  item  of  the  expense 
which  is  known  to  be  unusually  high  in  specific  cases  may  be  adjusted  in  the 
schedule  to  obtain  a  more  appropriate  rental  rate. 

Components  of  Expense. — Seven  items  of  equipment  expense  constitute 
the  total  rental  charge  and  require  consideration  in  estimating  a  lump  sum 
contract  or  in  determining  fixed  rate  rentals.  An  average  value  for  each  of 
these  items  which  represents  the  expense  of  a  genepd  contractor's  outfit 
as  a  whole,  has  been  approved  by  the  Executive  Board.  The  items  referred 
to  and  their  annual  proportions  of  the  equipment's  initial  cost  are  as  f<^owB: 

Schedule  of  Typical  Rental  Charge. — Items  of  expense  aie  expressed  as  per 
cents  of  original  capital  investment  for  equipment  having  a  useful  life  of  6 
years  and  a  salvage  value  of  25  per  cent  of  the  original  cost. 
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Per  cent 

1.  Arerace  depreciatioii 12f^ 

2.  Equivalent  annual  interest  at  6H  pei*  cent 4 

3.  Shop  repairs 6 

4.  Field  repairs 4 

5.  Storage  and  incidentals sy^ 

6.  Insurance 1 

7.  Taxes 1 

Total  annual  expense 32 

Equivalent  expense  on  basis  of  8  months'  working  timer  per  year 48 

Rental  rate  per  month 4 

HotD  to  Obtain  Proper  Percentage. — These  percentages  and  those  given  in  the 
detailed  schedule  were  determined  according  to  the  following  principles: 

The  economical  life  of  a  machine  is  considered  to  end  when  its  value  has 
depreciated  to  25  per  cent  of  the  original  cost.  The  average  annual  deprecia- 
tion then  amounts  to  75  per  cent  of  the  initial  cost  divided  by  the  number  of 
years  it  may  be  expected  to  give  service.  The  initial  cost  of  a  machine  is 
represented  by  the  cost  of  that  machine  delivered  at  the  contractor's  yard. 

Tablb  LXXV. — Rental  Schedule  fob  Construction  Equipment 


^a  §^ 

m  6*  O^ 

Yrs. 

Auto-erane 5 

Auto-triick 3 

Auto-trailer 5 

BackfiUer,  power 4 

Ballast  spreader 8 

Boiler,  upright 8 

Boiler,  locomotive 8 

Bucket,  clamshell 4 

Bucket,  orange  peel 4 

Bucket,  dragBne 4 

Cars,  steel  dump 6 

Cars,  wood  dump 5 

Cars,  flat 8 

Cars,  hopper 5 

Compressor,  steam 7 

Compressor,  gasoline 4 

Compressor,  electric 6 

Concrete  chutes 2 

Conveyor,  belt 2 

Conveyor,  bucket 2 

Crusher,  rock 6 

Derrick,  wood 5 

Derrick,  steel 10 

Dragline,  steam 6 

Dragline,  gasoline 4 

Dragline,  electric 8 

Drill,  tunnel  carriage 5 

Drill,  traction  well 6 

Drill,  tripod 4 

Drill,  jack  hammer 4 

Elaine,  gas 6 

Engine,  steam 10 
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jLXXV.— RBNTiLSOHBDOUiroaCoHBTHDeTlOHEaDlPmiHT— 


4 


h    si  II 

fi     nS     oa 
„S     g|     g* 


Pump  ceDtntuEHl 

Pump  piston 

Pump  pulsometer 

Pump  Emcraon 


'?J! 


Berapcr  (r«no 

Shovel  eteam 

Shovel  EUoUoe 

4       18}^       ft 

7       3H 

1  m 

Tower  steel  hmst 

S    if!  J 

nMtiw  wheel  CBS 
Trsctor  caterpillBr 

10       3^ 

4       I8J,     17 

3       3^ 

5       15  *     10 

a      3H 

Inlereat  should  n 

turally  be  chftreed  at  the  prevaltlng  n 

computed  in  three  ways: 

1 .  By  charging  th«  prevaiUag  rate  each  year  od  the  depreciated   i 
the' machine. 
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2.  By  (diaigiiig  the  prevailing  rate  each  year  on  the  average  value  of  the 
machine  during  economical  life.  For  example,  when  the  salvage  rate  value 
is  25  per  cent  the  average  value  equals  (100  per  cent  +  25  per  cent)  divided 
by  2  ">  62H  per  cent. 

3.  By  finding  the  proportion  which  the  average  value  is  of  the  initial  cost 
and  charging  this  proportion  of  the  prevailing  rate  each  year.  This  proportion 
is  called  the  equivalent  annual  interest  and  shows  what  interest  rate  on  original 
cost  will  yield  the  same  interest  as  the  prevailing  rate  when  applied  to  the 
depreciating  value  of  the  machine.  This  is  the  method  used  in  the  above 
schedule.  The  average  value  is  62H  per  cent  of  the  original;  therefore  the 
equivalent  annual  rate  is  62H  per  cent  of  the  prevailing  rate,  or  62>^  per  cent 
of  6H  per  cent  »  4  per  cent. 

Shop  and  field  repairs  are  separated  by  reason  of  a  previous  recommendation 
of  the  Conmiittee  on  Methods  that  field  repairs  be  considered  a  part  of  the 
cost  under  cost  plus  contracts  and  shop  repairs  be  borne  by  the  contractor 
and  covered  by  the  fixed  rate  rental  charge.  This  recommendation  was  made 
on  the  ground  that  an  owner  should  not  be  made  to  pay  the  total  cost,  for 
example,  of  re-fluing  a  boiler  which  may  have  been  burned  out  principally  on 
another  owner's  work. 

The  other  items  of  cost  require  no  special  explanation. 

Three  Types  of  Charges. — Owners  of  equipment  find  occasion  to  establish 
rental  rate  as  follows: 

1.  For  a  lump  sum  or  unit  price  estimate. 

2.  To  owners  on  cost  plus  work. 

3.  To  others  than  client  owners. 

In  these  instances  charges  should  be  made  as  follows: 

1.  The  rental  charge  or  equipment  expense  for  lump  sum  work  includes  all 
the  items  mentioned  above. 

2.  The  fixed  rate  to  owners  on  cost  plus  work  will  include  all  but  field  repairs, 
if  this  item  is  paid  as  a  cost  of  the  work.  To  the  amount  thus  determined  may 
be  added  a  service  chaige  depending  upon  the  policy  of  the  contractor,  i.e., 
whether  the  service  of  equipment  is  included  in  the  profit  fee  or  carried  in  the 
rental  charge. 

3.  The  charge  to  persons  other  than  client  owners  includes  all  of  the  items 
of  expense  and  an  additional  amount  for  profit  or  payment  for  the  machine's 
earning  power. 

A  further  consideration  in  each  of  these  cases  is  the  rate  for  double  shift 
work,  where  the  percentages  for  depreciation  and  repairs  should  be  doubled, 
or  nearly  so. 

Individual  Judgment  Essential. — The  committee  desires  to  emphasize  the 
fact  that  the  values  presented  in  the  table  should  not  be  considered  absolute 
in  determining  a  rental  charge.  A  real  danger  presents  itself  in  using  any 
tabular  percentage  without  investigating  the  conditions  under  which  the 
equipment  is  to  work.  To  illustrate:  if  the  values  here  given  for  a  standard 
gage  shovel  outfit  were  applied  to  such  an  outfit  engaged  constantly  in  exca- 
vating hard  rock,  the  probability  is  that  the  charges  allowed  would  not  cover 
more  than  half  the  expense.  The  frequent  dobey  shots  and  the  dropping  of 
heavy  boulders  into  cars  entails  a  higher  rate  of  depreciation  and  repairs  than 
Is  given  in  the  schedule.  On  the  other  hand,  if  this  shovel  outfit  were  steadily 
engaged  in  digging  sandy  loam,  the  values  given  in  the  table  would  probably 
cause  ttie  equipment  charge  to  contain  a  fair  per  cent  of  profit. 

It  is  with  the  understanding  that  individual  judgment  and  experience 
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should  adjust  the  tabular  values  to  meet  unusual  conditions  that  this  schedule 
is  oflFered  to  contractors. 

Individual  Equipment  Rental  Schedule. — The  component  expenses  incurred 
by  the  ownership  and  maintenance  of  construction  plant  are  expressed  in  this 
table  as  percentages  of  the  initial  cost  for  individual  items  of  equipment. 
They  indicate  the  probable  annual  expense  without  profit  under  ordinary  job 
conditions  and  should  be  included  in  any  lump  sum  estimate  or  in  determining 
time  rate  rental  charges.  The  salvage  value  in  all  cases  is  considered  to  be  25 
per  cent  of  the  initial  cost. 

Total  percentage  amounts  in  the  etreme  right-hand  column  should  be 
applied  to  the  total  cost  of  a  machine,  including  charges  for  transportation 
from  the  factory.  This  gives  the  total  annual  charge  which  for  a  lump  sum 
contract  covering  a  full  season,  is  the  total  equipment  expense.  For  deter- 
mining a  monthly,  weekly  or  daily  rental  rate  the  annual  amount  is  divided 
by  the  number  of  such  periods  in  the  year  during  which  construction  work  may 
be  carried  on. 

Rental  Rates  for  Grading  Contractors  Equipment. — (Engineering  and 
Contracting,  Feb.  18, 1920.) 

F.  J.  Herlihy  has  compiled  the  following  table  (Table  LXXVI.;  giving  the 
derivation  of  rental  rates  for  grading  equipment.  The  table  shows  the 
original  capital  cost  of  his  equipment,  depreciation  charges,  average  earning 
days  per  year,  daily  charge  for  interest,  depreciation,  insurance  and  storacre, 
and  total  daily  rental  charge. 


CHAPTER  III 
HAULING 

A  fundameatal  cost  entering  into  nearly  every  kind  of  construction  is  that 
for  hauling.  For  some  work,  such  as  excavation,  the  cost  of  removing  or 
hauling  away  the  excavated  material  is  often  the  controlling  factor  in  arriving 
at  the  unit  cost;  while  on  practically  all  work  if  the  transportation  end  "falls 
down,"  progress  and  costs  are  "shot  to  pieces."  It  is  evident,  therefore,  that 
time  may  be  well  spent  in  determining  the  most  economic  method  of  hauling 
for  each  job. 

The  material  in  this  chapter  is,  in  general,  grouped  according  to  methods  of 
hauling.  For  further  data  on  this  subject,  the  reader  should  refer  to  the 
index  of  this  volume  and  also  to  Gillette's  "Earthwork  and  Its  Cost"  and 
"Handbook  of  Rock  Excavation." 

Cost  of  Maintaining  City  Owned  Teams  is  given  in  Engineering  and  Con- 
tracting. July  2, 1010,  and  is  from  a  report  by  the  Rochester  Bureau  of  Munici- 
pal Research,  Inc.,  on  the  collection  of  refuse  in  the  city  of  Rochester,  N.  Y.: 

Cost  of  Maintaining  Horses  at  Columbus,  O. — According  to  the  report  of 
Superintendent  E.  W.  Stribling,  of  the  Division  of  Garbage  and  Refuse 
Collection,  the  cost  of  maintaining  142  horses  by  the  city  of  Columbus,  O., 
in  1016  was  83.7  cts.  per  horse  per  day.  This  included  a  cost  of  41.63  cts.  for 
feed;  13.53  cts.  for  veterinary  services,  shoeing  and  supplies;  and  28.64  cts.  for 
stable  labor.  In  1015  the  unit  cost  was  83  cts.  per  horse  per  day,  including 
45.77  cts.  for  feed,  11.08  cts.  for  veterinary  services,  shoeing,  and  supplies 
and  25.25  cts.  for  stable  labor.  The  labor  force  consisted  of  16  men  and  a 
night  watchman.  The  cost  of  feed  was  about  $14  per  ton  for  hay,  75  cts.  per 
bushel  for  com  and  50  cts.  i)er  bushel  for  oats.  Straw  cost  about  S7  per  ton. 
In  1016  each  horse  consumed  daily  30  lbs.  of  hay,  and  13  lbs.  of  grain,  5.3  lbs.  of 
straw  were  used  in  bedding  each  horse.  In  1015  these  quantities  were  31  lbs., 
12.75  lbs.,  and  6.3  lbs.  respectively. 

Cost  of  Horse  Maintenance  at  Cincinnati. — Similar  costs  for  1916  in  the  city 
of  Cincinnati,  given  in  the  report  of  Fred  Maag,  Superintencient  of  the 
Department  of  Street  Cleaning,  Sewer  and  Catch  Basin  Cleaning,  indicate 
that  34.0  cts.  per  horse  per  day  was  the  cost  of  feeding  and  39.4  cts.  was  the 
cost  of  "  other  stable  expenses,"  the  total  cost  being  74.3  cts.  per  horse  i)er  day. 
Approximately  100  horses  and  80  mules  were  maintained  in  17  stables, 
practically  one-half  of  this  number  being  boarded  in  one  stable.  Each  horse 
consiuned  14.7  lbs.  of  hay,  11.5  lbs.  of  oats  and  2.8  lbs.  of  nutritia  daily. 
Hay  cost  about  S18  per  ton,  oats  45  cts.  per  bushel  and  nutritia  SI. 50  per 
hundredweight.     (No  Allowance  apparently  was  made  for  bedding  straw.) 

Cost  of  Feeding  Horse  at  Washington. — In  Washington,  D.  C,  according  to 
the  report  of  the  Engineering  Department  for  the  fiscal  year,  1915-16,  the 
cost  of  feed  amounted  to  40.2  cts.  per  horse  per  day.  The  daily  allowance 
I)er  horse  was  3.3  lbs.  of  dry  straw,  7  lbs.  of  long  timothy,  7  lbs.  of  mixed 
clover  hay,  12.8  lbs.  of  oats  and  1.7  lbs.  of  bran.     Straw  cost  at  the  rate  of 
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$16,  long  timothy  at  $20.80  and  mixed  clover  hay  at  $20  per  ton,  oats  at 
54  cts.  per  bushel  and  bran  at  $1.27  per  hundredweight.  The  cost  of  shoeing 
was  stated  to  be  2.6  cts.  per  horse  per  day. 

Coat  of  Maintaining  Horses  by  New  York  Street  Cleaning  Department. — 
In  the  annual  report  of  the  Department  of  Street  Cleaning  of  New  York,  in 
1916,  Conunissioner  J.  T.  Fetherston  states  that  the  cost  of  "labor,  materials, 
supplies  and  consumable  equipment  used  directly  in  the  care  of  horses" 
amounted  to  $1.0$7  per  horse  per  day  and  that  this  cost  represents  prices  of 
forage  and  supplies  considerably  above  normal.  About  64  per  cent  of  the 
total  cost  repr^ents  the  cost  of  forage,  30  per  cent  the  direct  labor  cost  and  6 
per  cent  the  cost  of  maintaining  stable  equipment.  In  the  26  stables  main- 
tained by  the  department,  2,400  horses  were  cared  for.  One  hostler  and  one 
stableman  were  employed  for  each  13  horses.  In  1917,  the  daily  allotment  for 
each  horse  was  23  lbs.  of  oats,  18  lbs.  of  hay,  3H  lbs.  of  bran  and.  3  lbs.  of 
straw.  In  addition  to  this  each  horse  was  given  1}4  lbs.  of  coarse  salt  and 
2H  Ihs.  of  rock  salt  per  month.  When  idle  the  horses  were  given  half  ration 
of  oats.  In  1916,  the  daily  ration  was  21  lbs.  of  oats,  15  lbs.  of  hay  and 
IH  Ihs.  of  bran.  The  other  items  were  practically  the  same  as  for  1917. 
This  appears  to  be  an  unusually  heavy  ration  and  the  cost  of  feed  alone  was 
practically  70  cts.  per  horse  per  day. 

Stable  Coats  at  Rochester. — For  Rochester  it  was  possible  to  obtain  from 
James  M.  Harrison,  formerly  superintendent  for  the  Genesee  Reduction  Co., 
data  of  the  cost  of  maintaining  horses  employed  in  garbage  collection  frcHn 
1908  to  1916.  On  Jan.  1,  1917,  the  Department  of  Public  Works  took  over 
the  operation  of  the  garbage  plant  stables  and  the  1917  costs,  therefore,  are 
available  also. 

In  1917  the  68  horses  quartered  at  the  garbage  plant  stables  cost  about 
68  cts.  per  horse  per  day  to  maintain.  The  approximate  cost  of  feed  amounted 
to  50.7  cts.;  the  direct  labor  cost  of  stable  operation,  9.4  cts.;  and  the  esti- 
mated cost  of  bam  supplies,  shoeing  and  harness  repairs,  7.9  cts.  per  horse 
per  day.  No  exact  ration  allotment  was  made,  but  according  to  the  total 
quantities  purchased  during  the  year  each  horse  consumed  about  11  lbs.  of 
oats  and  22  lbs.  of  hay  per  day.  The  approximate  average  cost  of  oats  was 
80  cts.  per  bushel  and  the  cost  of  hay  was  about  $18  per  ton.  The  stable 
force  consisted  of  one  bamman  and  three  helpers,  the  bamman  and  one 
helper  working  seven  days  and  the  other  two  helpers  six  days  per  week.  The 
drivers  cleaned  and  harnessed  the  horses  and  gave  them  their  noon  feeding. 
The  foregoing  and  certain  additional  data  as  to  the  cost  of  maintaining 
horses  by  the  Genesee  Reduction  Co.  before  1917.  are  shown  in  Tables  I  and  II. 

From  the  foregoing  and  other  data  it  appears  that  a  horse  used  in  coUectitm 
work  should  be  fed  on  the  average  about  20  lbs.  of  hay  and  14  lbs.  of  oats  per 
day,  in  addition  to  possibly  2  lbs.  of  other  feed,  consisting  principally  of  bran, 
salt,  etc.  Also  each  horse  should  be  bedded  with  approximately  5  lbs.  of  dry 
straw  daily.  On  this  basis  and  with  hay  costing  $18  per  ton,  oats  80  cts.  per 
bushel,  other  feed  $1.50  per  hundredweight  and  straw  $12  per  ton,  the  total 
daily  cost  per  horse  of  feed  and  bedding  would  amount  to  the  following: 

20  lb.  of  hay  at  $18  per  ton $0. 18 

14  lb.  of  oats  at  $0.80  per  bu 35 

2  lb.  of  other  feed  at  $1.50  per  cwt 03 

5  lb.  of  straw  at  $12  per  ton 03 

Total  estimated  cost  of  feed  and  bedding  per  horse  per  day. ...   $0.59 
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In  addttlon  to  this  the  cost  of  veterinary  services,  mahitenance  of  stable 
equipment  and  supplies,  shoeing,  and  harness  repairs  should  not  exceed  12  cts. 
per  horse  per  day.  If  one  hostler  at  $800  per  yeair  and  one  stableman  at  $760 
per  year  were  provided  for  every  20  horses,  the  direct  labor  cost  of  stable 
operation  would  amount  to  about  21  cts.  per  horse  per  day.  This  would 
Indude  the  cost  of  all  work  involved  in  feeding,  bedding,  cleaning  and  other- 
wise caring  for  horses,  and  all  labor  about  the  stables  such  as  cleaning  stables, 
handling  feed  and  supplies,  handling  and  moving  equipment,  cleaning  equip- 
ment, etc. 

The  total  cost  per  horse  per  day,  therefore,  mlKht  be  estimated  at  92  cts. 
distributed  as  follows: 

Feed  and  bedding * $0. 59 

Veterinarian,  shoeing,  harness  rei>air8,  etc 0. 12 

-  Direct  labor  cost  of  stable  operation 0. 21 

Total  maintenance  cost  per  horse  per  day $0. 92 

The  annual  cost  of  maintaining  horses  at  this  figure  would  be  $336.65  per 
horse,  exclusive  of  the  cost  of  overhead  supervision,  fixed  charges  on  first 
cost  of  horses,  stable  sites  and  stable  buildings,  depreciation  of  horses,  and 
depreciation  and  maintenance  of  stable  buildings. 

The  annual  (purchase)  cost  of  the  horses  used  in  garbage  collection  in 
Rochester  since  1912  has  been  about  $31  per  horse,  which  includes  replace- 
ments as  well  as  the  purchase  of  three  horses  during  the  six  years  in  addition 
to  the  numl>er  owned  at  the  beginning  of  the  period.     (See  Table  II.) 

Table  I. — Cost  of  Fxkding  Horsxs  Employed  in  the  Collection  of  Cab- 
bage IN  RocHESTXB,  N.  Y.,  1908  to  1916 

Total  cost  of      Approximate      Average  cost 
feed  (grain,  number  per  horse 

Year  hay,  straw)  horses  fed  perlday 

1908 $7,364.08  40  $0,505 

1909 6,964.89  40  .477 

1910 6,912.67  40  .474 

1911 6,827.04  40     •  .467 

1912 7,816.29  65  .330 

1918 9,269.83  65  .395 

1914 8,771.77  65  .370 

1915 10,666.02  66  .443 

1916 9,570.47  66  .397 

Tablb  II. — Cost  of  RaNirwALa  of  Horses  Employed  in  the  Collection  of 
Gabbaob  in  Rochester,  N.  Y.,  1912  to  1917 

Total  Approximate        Average  cost 

expenditure  number  of  per  horse 

Year  for  horses 

1912 $2,219 

1913 1.885 

1914 4,205 

1915 1,020 

1916 1,575 

1917 1,125 

Estimates  as  to  the  economic  life  of  a  horse  used  in  collection  work  vary  from 
iH  to  8  years.  •  It  is  believed,  however,  that  a  good  horse  should  give  at  least  six 
years  of  useful  service  in  this  kind  of  work.  Assuming  a  first  cost  of  $275  and  a 
salable  value  of  $75  at  the  end  of  six  years,  the  annual  depreciation  would  be 
133.33  per  year  per  horse. 

Depreciation  in  Value  of  Horses  (Engineering  and  Contracting,  Oct.  17, 
1917). — Some  interesting  data  on  the  depreciation  in  value  of  horses  are  given 
in  a  bulletin  issued  by  the  U.  S.  Department  of  Agriculture.    This  bullethi 
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deals  with  the  cost  of  keeping  farm  horses  and  the  cost  of  horse  labor.  It  is 
compiled  from  a  study  of  records  for  316  horses  on  27  farms  in  Illinois,  Ohio 
and  New  York. 

In  determining  depreciation  and  appreciation  in  value  of  horses  a  yearly 
inventory  value  was  placed  on  each  horse  on  the  farm  by  careful  appraisal  and 
a  record  was  kept  of  each  horse  bought  or  sold.  In  Illinois  11  of  the  18  yearly 
farm  records  showed  a  net  depreciation  of  horses.  In  Ohio  7  of  the  16  yearly 
records  showed  a  net  depreciation,  and  in  New  York  16  of  the  18  yearly 
records  showed  a  net  depreciation. 

The  average  net  depreciation  of  the  316  horses  was  $4.50  per  horse.  Of 
this  amount  $2.70  per  horse  was  due  to  the  death  of  9  horses,  valued  at  $855. 
Depreciation  varied  from  $11.60  per  horse  in  New  York  to  an  appreciation  of 
$2.10  per  horse  in  Ohio. 

Table  III  shows  the  percentage  of  horses  that  appreciated  in  value,  the 
percentage  that  did  not,  and  the  factors  influencing  the  aggregate  depreciation 
or  appreciation,  by  States. 

Tabls  III. — Pkrcentaqe  of  316  Hobsbs  That  Appreciatbd  in  Valttb,  Pkb- 
CENTAOB  That  Did  Not  Appreciate,  and  the  Factors  Iniixubncing  ths 

AOGRBOATB   DEPRECIATION  OR  APPRECIATION,  BT  StaTBB   (27  FaBMS, 

316  Horses) 

Percentage  of 

horses  that 

showed — 

§  ^ 

§     1    ^         U  1 

•a  I      -S^-^'^J 

Ml 

State  and  number  of  horses  •<  ^  J?55^Jz;^;i5 

Illinois  (154  horses) 18. 75  81 . 25  3     21     21     2  43 

Ohio  (72  horses) 21.95  78.05  .        9     17     2     1       7 

New  York  (90  horses) 4 . 95  95. 05  6       6       3     1     2     18 

The  3  states  (316  horses) 15.60     84.40     9     36     41     5     3     68 

On  the  Illinois  and  New  York  farm.s  colts  became  work  horses  when  from 
2H  to  4  years  of  age.  The  age  of  work  horses  that  depreciated  in  value  varied 
considerably,  depending  on  their  usage  and  care.  The  average  age  of  woric 
horses  that  appreciated  in  value  was  about  4  years.  The  average  age  of  those 
that  neither  appreciated  nor  depreciated  in  value  was  about  8  years,  and  the 
average  of  those  that  depreciated  in  value  was  about  1 1  years  In  Ohio  data 
showing  the  age  of  all  the  horses  studied  were  not  obtained;  however,  the 
data  that  were  obtained  along  this  line  showed  about  the  same  results  as  those 
in  Illinois  and  New  York. 

In  Illinois  about  19  per  cent  of  the  horses  appreciated  in  value  at  the  rate 
of  $36.05  per  head  per  year,  while  the  average  depreciation  for  the  other  81  per 
cent  was  $12.55  per  head.  At  this  rate  it  will  be  seen  that  a  $36  appreciation 
of  one  horse  practically  would  oflfset  the  depreciation  of  three  others.  Thus 
the  appreciation  of  one  horse  out  of  every  5.34  kept  resulted  in  an  average  net 
depreciation  for  all  horses  of  but  $3.46  per  head.  Of  the  154  horses  induded 
in  the  records  from  this  State  3  died,  causing  a  loss  of  $350.  In  oth^  words, 
the  death  loss  was  about  1  out  of  every  51.  In  considering  the  reason  for  the 
number  of  young'  horses  on  these  farms  and  the  low  depreciation  of  yratk 


HA  ULINO  143 

hotses  it  was  found  that  there  was  an  average  of  one  colt  for  every  four  work 
horses  kept.  Further,  no  colts  were  sold,  all  being  developed  into  work 
horses,  11  becoming  work  horses  during  the  time  in  which  data  were  collected. 
It  also  will  be  seen  that  the  same  number  of  horses  was  bought  as  was  sold. 
Three  died  and  had  to  be  replaced,  and  a  part  of  the  farmers  enlarged  their 
business,  thus  requiring  more  horses.  With  the  continued  raising  and 
developing  of  colts  into  work  horses,  however,  it  is  safe  to  say  that  ordinarily 
a  greater  number  of  young  horses  will  be  developed  than  will  be  needed  in  the 
farm  business. 

On  the  Ohio  farms  about  22  per  cent  of  the  horses  appreciated  in  value  at 
the  rate  of  $56.90  per  head.  The  average  depreciation  of  the  remaining  78  per 
cent  was  $13.30  i>er  head.  At  this  rate  the  appreciation  of  1  horse  would 
offset  the  depreciation  of  more  than  4  other  horses.  Thus  the  appreciation  of 
1  horse  out  of  every  4.55  resulted  in  an  average  net  appreciation  of  $2.10  per 
head  for  the  total  number  of  horses.  While  no  deaths  occurred  in  this 
group,  2  horses  were  severely  injured,  entailing  a  loss  of  $175. 

On  the  Ohio  farms  there  was  an  average  of  one  colt  for  every  10  work  horses 
kept.  This  was  about  two-thirds  less  than  on  the  Illinois  farms,  and  yet  the 
depreciation  of  horses  was  $5.56  per  head  less  than  in  Illinois.  By  this  it  will 
be  seen  that  the  net  appreciation  of  horses  in  Ohio  was  not  so  much  due  to  the 
raising  of  young  horses  as  in  Illinois.  A  study  of  the  data  shows  that  the 
reason  for  this  was  that  on  some  farms  a  practice  was  made  of  buying  young 
horses,  and  after  working  them  for  a  time,  selling  them  at  an  increase  in  value. 
During  the  years  this  study  was  made  9  horses  were  bought  and  17  were  sold, 
8  of  the  17  having  been  on  the  farms  at  the  time  this  work  was  begun.  The 
horses  bought  and  sold  were  mostly  young  draft  stock,  which  accounts  for  the 
high  appreciation  of  $56.90  per  horse.  In  following  this  practice,  at  times 
more  horses  were  kept  than  were  needed  to  do  the  farm  work.  Other  data 
in  this  bulletin  show  that  the  average  horse  worked  less  hours  iter  year  on  the 
Ohio  farms  than  on  the  Illinois  or  New  York  farms. 

On  the  New  York  farms  the  relative  number  of  horses  that  appreciated  in 
value  was  a  great  deal  less  than  in  each  of  the  other  States — less  than  5  per 
cent — at  the  rate  of  $44.40  per  head.  The  depreciation  per  head  of  the 
remaining  95  per  cent  was  $14.48.  At  this  rate,  the  appreciation  of  one  horse 
would  a  little  more  than  offset  the  depreciation  of  three  other  horses.  Thus, 
the  average  net  depreciation  was  $11.56  for  all  horses.  One  reason  for  this 
depreciation  being  higher  than  in  the  other  two  States  was  a  loss  of  $505 
due  to  the  death  of  6  horses,  or  about  1  out  of  every  15.  Thus,  more  than 
48H  per  cent  of  the  total  depreciation  was  due  to  deaths.  The  number  of 
colts  on  ttese  farms  was  less  than  in  Illinois.  For  every  work  horse  sold  two 
were  bought.  It  seems  that  these  farmers  have  but  recently  started  to  replace 
the  old  horses  by  raising  colts. 

Depreciation  figures  from  other  bnlletins  follow: 

Bufletin  341  of  the  U.  S.  Department  of  Agriculture  shows  that  the  average 
depreciation  of  horses  on  378  farms  studied  in  Chester  County,  Pennsylvania,  is 
$7  per  head,  and  on  300  farms  studied  in  Lenawee  County,  Michigan,  $7.10  per 
head.  These  figures  are  largely  determined  by  the  practice  of  farmers  in  dis- 
posing of  horses  while  they  are  still  salable  at  a  fairly  satisfactory  price,  and  would 
undoubtedly  be  much  greater  if  all  farm  horses  were  kept  until  their  usefulness 
was  at  an  end. 

Ck>mell  University  (N.  Y.)  bulletin  377  shows  that  the  average  annual  depre- 
ciation of  horses  on  14  New  Yorlc  farms  for  the  year  1912,  and  on  31  New  York 
farms  for  1913,  was  $14.03  and  $12.10  per  horse  unit,  respectively.  Of  the  46 
farms  studied,  12  showed  an  appreciation  of  horses. 
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Minnesota  extension  bulletin  15,  covering  a  period  of  four  years,  1004  to  1907t 
inclusive,  gives  figures  for  farms  studied  in  tnree  different  counties.  In  Rice 
County  depreciation  varied  from  $0.98  in  1905  to  $15.48  in  1904,  averaging  for 
the  four  years  $5.56  per  head.  In  Lyon  County  depreciation  varied  from  $4.20  in 
1905  to  $9.86  in  1904,  averaging  per  year  $6.94  per  head.  In  Norman  County 
depreciation  varied  from  $2.60  in  1907  to  $7.37  in  1904,  averaging  per  year 
$5,892  per  head. 

It  is  pointed  out  in  the  text  that  depreciation  of  the  horse  is  an  expensive  item 
to  farmers  who  are  not  able  to  control  this  expense  by  means  of  clever  selling 
methods  and  by  the  use  of  young  horses.  ^  Shrewd  selling,  however,  does  not 
affect  the  general  principle  of  depreciation,  since  thus  the  loss  is  passed  on  to  the 
buyer, 

Minnesota  experiment  station  bulletin  145  gives  results  of  a  further  study  of 
horse  depreciation  in  the  above-mentioned  counties.  Records  for  Rice  County 
for  the  period  1908  to  1912  inclusive  shows  a  variation  in  depreciation  from 
$0.28  in  1910  to  $5.10  in  1909,  and  an  average  per  year  of  $3.05  per  head.  In 
Lyon  County  the  study  covers  a  period  of  three  years,  1908  to  1910,  inclusive. 
The  depreciation  varied  from  $1.47  in  1910  to  $5.60  in  1909,  averaging  per  year 
$3.06  per  head.  In  Norman  County  the  work  covered  a  period  of  four  years,  1908 
to  1911,  inclusive.  The  depreciation  varied  from  $0.51  in  1910  to  $3.42  in  1911, 
averaging  per  year  $1.48  per  head*.  It  is  pointed  out  in  this  bulletin  that  the 
annual  depreciation  as  shown  above  is  not  high  enough  to  represent  a  proper 
average  charge  through  a  long  term  of  years.  Abnormal  conditions  in  the 
Minnesota  horse  market  were  largely  responsible  for  the  low  depreciation  charge. 

Health  Efficiency  of  Horses. — In  Engineering  and  Contracting,  Sept.  17, 
1913,  J.  W.  Paxton  states  that  records  are  kept  by  the  street  cleaning  depart- 
ment of  Washington,  showing  the  total  number  of  horses  cared  for  in  each 
stable  each  day  and  the  total  number  unable  to  work  because  of  injury 
or  sickness.  The  health  efficiency  of  the  stable  is  the  ratio  found  by  dividing 
the  number  of  horses  capable  of  working  by  the  total  number  of  horses. 
The  health  efficiency  of  all  stables  combined  has  been  brought  up  to  98  per 
cent,  although  it  was  as  low  as  86  per  cent  one  month  shortly  after  the  health 
records  were  initiated. 

A  health  efficiency  curve  is  plotted  for  each  stable,  and  comparisons  between 
different  stables  can  be  made  at  a  glance.  When  in  any  case  there  is  a  drop 
in  the  curve,  a  conference  with  the  stable  boss  discloses  the  reason. 

In  addition  to  a  health  record  of  this  sort,  it  may  be  suggested  that  it  would 
be  wise,  in  many  cases,  to  keep  a  record  of  all  time  lost  by  stock,  and  to  plot 
curves  showing  the  total  "output  factor,"  i.e.,  ratio  of  hours  actually  worked 
to  hours  that  might  have  been  worked  had  health,  weather,  etc.,  permitted. 
On  construction  work  it  frequently  happens  that  many  head  of  stock  are  idle 
for  lack  of  drivers  or  equipment.  Especially  is  this  true  when  a  job  is  being 
started.  Time  is  also  lost  in  shoeing,  in  moving  from  one  camp  to  another, 
etc.  It  is  certainly  desirable  to  have  daily  records  of  all  time  losses,  and  the 
reasons  therefor.  Daily  "output  factor  curves"  and  " health  ^efficiency 
curves"  will  focus  attention  upon  time  losses  and  lead  inevitably  to  a  reduc- 
tion of  the  losses. 

Hauling  Material  with  Mules. — The  following  data  are  taken  from  an 
article  by  William  W.  Hurlbut  published  in  Engineering  Record,  July  19, 
1913. 

For  hauling  steel  plates  from  Mojave  to  the  Antelope  Valley  Siphon, 
Los  Angeles  Aqueduct,  a  distance  of  35  miles,  three  stations  were  established 
10  miles  apart.  Twelve  mule  teams  were  used  for  this  hauling,  the  average 
load  being  12.9  tons  or  a  little  more  than  1  ton  to  the  animal. 

A  team  made  20  miles  a  day,  loading  at  Mojave,  arriving  at  the  lO-mile 
station  at  noon;  at  the  20-mile  station  at  night  of  the  first  day;  at  the  30-mUe 
station  at  noon  of  the  second  day ;  leaving  there  and  discharging  the  load  at  iba 
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ikfhaa  the  afternoon  of  the  Mooml  day;  than  retuming  to  the  30-mfle  station 
tbe  same  night;  returning  the  following  day  to  the  10-mlle  station;  and  at 
noon  of  the  fourth  day  reloading  at  Mojave,  thus  making  the  round  trip  in 
three  and  one-half  days.  The  cost  of  this  haul  averaged  12  cents  per  ton  mile. 
Humber  of  Wagons  Required  for  HatUixig  from  Steam  Shovels. — The 
following  data  are  reprinted  from  the  Aug..  1919,  issue  of  Successful  Methods: 

Yabdaos  for  Vabious  Hauls 

Cu.  yd.  per  day 
per  team  with 
Haul  in  ft.  Round  trips         IH-yd.  wagona 

500 106  157 

1,000 53  79 

2.000 26  40 

3,000....- 17  26 

5.000 10  15 

10,000 4  6 

XUMBSB    or   TSAlfS    FOR    VARIOUS   OxTTPUTS 

Daily  output 
in  cu.  yd.  Haul  1,000  ft.    Haul  3.000  ft.    Haul  10.000  ft. 

250 3  10  41 

300 4  12  50 

500 8  20  84 

On  a  road  job  in  Minnesota  5  wagons  are  serving  a  ^-yd.  steam  shovel  on  a 
300-ft.  haul  and  are  kept  busy. 
At  Hamilton,  O.,  a  steam  shovel  with  a  H-yd.  bucket,  loading  gravel  on  a 

3  to  lO-ft.  face,  loaded  480  2-cu.  yd.  wagons  in  9  hours,  and  60  teams  were 
estimated  as  necessary  to  keep  the  shovel  busy  on  a  1-mile  haul.  The  same 
shovel  handled  clay  out  of  a  6  to  12-ft.  face  and  should  be  able  to  load  360  2-yd. 
wagons  in  9  hours.  This  would  require  45  teams  to  haul  the  material  away 
on  a  1-mile  haul.  8  trips  to  the  team. 

Average  Loads  in  Team  Hauling  on  Country  Highways. — Tbe  following 
data  are  given  in  a  paper  by  Seth  A.  Moulton  (Engineering  and  Contracting, 
Jan.  4,  191 1)  before  the  Association  of  Cement  Users.  The  observations  were 
made  during  the  ccmstruction  of  a  storage  dam  at  Aziscohos.  Me.,  in  1910. 

The  round  trip  of  76  miles  from  Colebrook  to  the  dam  and  return  is  made  in 

4  dajrs.  eadi  team  making  two  complete  round  trips  without  rest,  and  laying 
off  the  ninth  day.  Four.  five,  and  six  horse  teams  were  employed,  averaging 
4H  horses  to  a  team,  and  by  a  proper  arrangement  of  the  time  schedule 
a  maximum  total  of  180  horses  could  be  accommodated  on  the  road,  making 
a  total  of  40  teams,  wtiich.  on  the  basis  of  4  days  to  a  trip,  gave  an  average  of 
10  teams  arriving  at  the  dam  during  each  day  of  the  toting  sea.<)on. 

During  the  best  period  of  toting,  or  for  the  6  weeks  from  Dec.  1  to  Jan.  15, 
tbe  average  loads  were  as  follows: 

Four  horse  team 6 ,  650  lbs. 

Five  horse  team 8.600  lbs. 

Six  horse  team 10.400  lbs. 

The  average  load  per  horse  was  1.680  lbs. 

During  the  best  period  of  summer  toting  the  average  loads  were  as  follows^ 

Four  horse  t*am 5,750  lbs. 

Five  borae  team None  working 

Six  horse  team 8,400  lbs. 

Tte  Avenw  Jcmd  per  bone  waa  1,430  Iha. 

10 
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During  the  most  adverse  condition  of  toting  the  average  loads  were  as 
follows: 

Four  horse  team 4 ,  800  lbs 

Five  horse  team 6 ,  200  lbs. 

Six  horse  team 7 ,  200  lbs. 

The  average  load  per  horse  was  1,220  lbs.,  or  20  per  cent  less  than  could  be 
hauled  during  the  best  sledding. 

Cost  of  Hatiling  with  Teams. — Table  IV,  prepared  by  E.  B.  Hiatt,  is  pub- 
lished in  Engineering  and  Contracting,  Dec.  4,  1918.  The  figures  are  based 
on  a  rate  of  travel  of  2  miles  per  hour  with  loads  and  3  miles  per  hour  returning 
empty.  Forty  minutes  is  allowed  for  loading  and  imloading  3,750  lbs.  with 
shovels.  This  weight  was  the  average  load  in  Madison  County,  Iowa,  during 
the  1918  season.     The  vehicle  considered  was  a  common  farm  wagon. 


Table  IV. — Schedule  of  Pbices  for  Hauling  One  Ton 


Miles  $5.00 

0.5 0.288 

1.0 0.400 

1.5 0.511 

2.0 0.622 

2.5 0.733 

3.0 0.844 

3.5 0.955 

4.0 1.066 

4.5 1.177 

5.0 1.288 

6.5 1.400 

6.0 1.511 

6.5 1.622 

7.0 1.733 

7.5 1.844 

8.0 1.955 

8.5 2.066 

9.0 2.177 

9.5 2.288 

10.0 2.400 

10.5 2.511 

11.0 2.622 

11.5 2.733 

12.0 2.844 

12.5 2.955 

13..0 3.066 

13.5 3.177 

14.0 3.288 

14.5 3.400 

15.0 3.511 

15.5 3.622 

16.0 3.733 

16.5 3.844 

17.0 3.955 

17.5 4.066 

18.0 4.177 

18.5 4.288 

19.0 4.400 


Team  rates  per  day  of  ten  hours 
$5.50       $6.00       $6.50       $7.00      $7.50 


0.317 

0.346 

0.375 

0.404 

0.433 

0.440 

0.480 

0.520 

0.560 

0.600 

0.562 

0.613 

0.664 

0.715 

0.766 

0.684 

0.746 

0.808 

0.871 

0.933 

0.806 

0.880 

0.953 

1.026 

1.100 

0.928 

1.013 

1.097 

1.182 

1.266 

1.051 

1.146 

1.242 

1.337 

1.433 

1.173 

1.280 

1.386 

1.493 

1.600 

1.295 

1.413 

1.531 

1.648 

1.766 

1.417 

1.546 

1.675 

1.804 

1.933 

1.540 

1.680 

1.820 

1.960 

2.100 

1.662 

1.813 

1.964 

2.115 

2.266 

1.784 

1.946 

2.108 

2.271 

2.433 

1.906 

2.080 

2.253 

2.426 

2.600 

2.028 

2.213 

2.397 

2.582 

2.766 

2.151 

2.346 

2.542 

2.737 

2.933 

2.273 

2.480 

2.686 

2.893 

3.100 

2.395 

2.613 

2.831 

3.048 

3.266 

2.517 

2.746 

2.975 

3.204 

3.433 

2.640 

2.880 

3.120 

3.360 

3.600 

2.762 

3.013 

3.264 

3.515 

3.766 

2.884 

3.146 

3.408 

3.671 

3.933 

3.006 

3.280 

3.553 

3.826 

4.100 

3.128 

3.413 

3.697 

3.982 

4.266 

3.251 

3.546 

3.842 

4.137 

4.433 

3.373 

3.680 

3.986 

4.293 

4.600 

3.495 

3.813 

4.131 

4.448 

4.766 

3.617 

3.946 

4.275 

4.604 

4.933 

3.740 

4.080 

4.420 

4.760 

6.100 

3.862 

4.213 

4.564 

4.916 

6.266 

3.984 

4.346 

4.708 

5.071 

6.433 

4.106 

4.480 

4.853 

6.226 

6.600 

4.228 

4.613 

4.997 

5.382 

5.766 

4.351 

4.746 

5.142 

6.537 

5.933 

4.473 

4.880 

5.286 

6.693 

6.100 

4.595 

5.013 

5.431 

6.848 

6.266 

4.717 

5.146 

5.575 

6.004 

6.433 

4.840 

5.280 

5.720 

6.160 

6.600 

Similar  tables  can  be  prepared  using  different  times  for  loading  and  unload- 
ng  which  would  depend  upon  methods  employed  and  mat^als  hauled. 
The  average  load  would  also  vary  with  the  type  of  wagon  employed. 

Cost  and  Service  Comparisons  of  Motor  Trucks  and  Horsenlrawn  VdhiclM 
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are  given  by  Clinton  BretteU  in  "  The  School  of  Mines  Quarteily, "  Columbia 
University,  from  which  Engineering  and  Contracting,  May  14, 1013,  abstract9 
the  following: 

There  are  several  ways  of  making  a  cost  comparison.  One  is  to  reduce.all 
costs  to  a  "  per  day  "  basis.  This  method  is  of  little  value,  for  while  the  motor 
truck  costs  more  per  day,  it  also  does  more  work  per  day.  Then  there  is  the 
"cost  per  mile"  basis.  This  is  a  little  better,  but  also  shows  but  one  phase 
of  the  question,  as  no  account  is  taken  of  the  tonnage  moved.  The  third 
method,  and  the  best  one,  considered  from  all  sides,  is  the  "cost  per  tonr 
mile."  This  is  the  method  which  will  be  employed  in  practically  all  cases 
throughout  this  paper.  Data  on  the  subject  of  transportaticm  costs  are 
abundant,  but  so  many  methods  of  bookkeeping  and  computation  are  used 
that  it  is  not  safe  to  accept  any  of  them  o£f*hand.  Before  adopting  them  for 
comparisons  they  should  be  carefully  analyzed. 

Motor  Truddng. — To  be  accurate,  the  cost  <^  operation  for  motor  trucks 
should  include  the  following  items: 

X.  Fixed  Chabgbb. — Based  on  an  average  number  of  working  days.  A 
figure  of  300  working  days  per  year  is  often  used,  and  approximates  quite 
closely  the  actual  working  days  for  the  average  case. 

A.  Driver* 8  Wages. — ^About  $20  per  week  is  a  fair  charge  for  this  item. 

B.  Oarage, — ^If  the  truck  is  stored  in  a  public  garage,  about  $25  per  month 
is  charged.  This  includes  washing,  polishing,  inspection,  heat,  light,  power, 
etc.  If  the  owner  maintains  his  own  garage,  this  figure  may  be  somewhat 
lower.  In  that  case  the  charge  for  storage,  to  compare  with  the  above,  would 
be  made  up  as  follows:  (a)  Interest  on  investment,  including  building,  property 
and  equipment,  (b)  Insurance  and  taxes  on  same.  (If  the  building  is 
rented,  the  above,  i.  e.,  interest  on  investment,  insurance  and  taxes  on  build- 
ing, and  an  additional  charge  for  depreciation  on  building  would  all  be  included 
in  one  item,  rent.)  (e)  Depreciation  on  building  and  equipment,  if  owned  by 
truck  owner;  on  equipment  only,  if  building  is  rented,  (d)  Wages  of  attendr 
ants,  elevator  men,  washers  and  poUshers,  inspectors,  superintendent  or 
foreman,  (e)  Charges  for  heat,  light  and  power.  (/)  Charges  for  main- 
tenance of  building  and  equipment. 

C.  Insurance. — Fire,  liability,  theft,  property  damage.  These  rates  vary 
all  over  the  country.  As  a  rule  they  are  unreasonably  high.  In  most  cases 
the  same  rates  as  for  pleasure  cars  are  applied  to  commercial  vehicles,  withr 
out  taking  account  of  the  lessened  liability  with  slow  moving  motor  trucks. 
Insurance  against  fire  and.  theft  is  generally  at  some  i)ercentage  on  a  partial 
valuation,  say,  2^  P^i*  cent  on  80  per  cent  valuation.  Insurance  against 
property  damage  depends  on  the  horsepower  of  the  truck  and  is  arranged  on  a 
sliding  scale  basis,  which  is  arbitrarily  adopted  without  scientific  basis. 
Liability  is  usually  a  flat  siun,  being  greater  the  more  hazardous  the  occupar 
ti<m.     This  item  should  also  include  taxes  for  Ucenses.  etc. 

D.  Interest. — Opinion  differs  as  to  what  rate  of  interest  to  use.  One  com- 
mon method  is  to  assume  as  a  basis  the  rate  offered  by  banks.  Whatever  the 
rate  finally  adopted,  it  is  well  to  recognize  that  there  is  a  regular  depreciation 
in  the  amount  of  capital  invested ;  so  that  while  interest  for  the  first  year  is 
chargeable  on  practically  full  value,  for  the  second  year  it  should  be  on  less 
than  full  value,  for  the  third  year  on  still  less,  and  so  on.  The  easiest  way  of 
taking  account  of  this  is  to  use  an  average  rate  of  interest,  assuming  fuU 
capital  first  year  and  entire  dissipation  of  capital  at  the  end  of.  say,  the  tenth 
year.     The  average  rate  will  then  be  H  the  fiat  rate  decided  on.  say  H  of  5 
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per  cent.  This  method  charges  too  little  interest  for  the  first  five  years  and 
too  much  for  the  last  five,  the  one  balancing  the  other  in  the  final  result. 
XI.  Vabiablb  or  Mileaob  Chabqes.  a.  Depreciation. — To  account  for  the 
gradual  wearing  out  of  the  truck,  even  with  the  best  possible  care  and  main- 
tenance, a  certain  amount  must  be  charged  off  each  year,  so  that  at  the  end  of 
the  truck's  life  there  will  be  a  fund  sufficient  to  purchase  a  new  truck,  iden- 
tical with  the  old  one.  If  a  truck  receives  ordinary  care  and  attention  in  the 
matter  of  upkeep,  etc.,  and  is  not  abused  in  operation,  it  will  last  as  much  as 
ten  years  before  it  is  really  worn  out,  and  many  will  last  longer,  (a)  One 
method  of  charging  depreciation,  then,  is  to  write  off  one-tenth  the  original 
value  of  the  truck  each  year.  Opinion  differs  as  to  the  life,  but  under  present 
conditions  it  is  not  wise  to  figure  over  ten  years.  Naturally  a  truck  which  is 
run  25  miles  a  day  should  last  longer  than  one  operated  100  miles  a  day, 
with  equal  care  and  attention  in  both  cases,  (b)  This  suggests  a  second 
method  of  charging  depreciation,  i.  e.,  on  a  mileage  basis,  figuring  the  life 
of  a  truck  at  100,000  miles  under  average  conditions.  The  latter  method 
seems  the  more  logical  one  to  follow,  since  in  fixing  the  rate  for  the  former 
method  it  was  necessary  to  consider,  among  other  things,  the  daily  mileage  d 
the  truck.     Cost  per  mile  is  thus  equal  to  total  cost  divided  by  total  mileage. 

B.  Tires. — The  life  of  tires  is  subject  to  practically  the  same  discussion  as 
given  in  connection  with  depreciation.  The  method  generally  employed  is  as 
follows:  The  tire  maker  guarantees  his  tires  for  a  certain  mileage  (provided 
that  rated  capacities  of  tires  are  not  exceeded,  and  in  some  cases  that  speedf 
are  limited  to  certain  specified  values)  usually  around  8,000  miles.  In 
addition,  the  time  element  is  involved,  because  tires,  being  made  of  rubbeTi 
deteriorate  even  when  standing  idle.  The  tire  maker  covers  this  phase  of  the 
situation  by  stipulating  (in  most  cases)  that  the  guaranteed  mileage  must  be 
covered  within  a  given  time,  usually  12  months,  to  validate  the  guarantee. 
Hence  cost  per  mile  equals  cost  per  set  of  tires  divided  by  guaranteed  dot 
actual)  mileage,  as  the  case  may  be. 

C.  Repairs  (exclusive  of  tires). — This  includes  labor  and  material  (and 
profit  if  work  is  done  in  a  public  garage).  It  is  generally  figured  on  a  yeaily 
basis  and  then  converted  to  a  mileage  rate,  by  determining  the  yearly  mileage. 
For  electric  trucks,  this  item  includes  renewals  of  plates,  electrolyte,  etc 

D.  Gasoline  or  Current. — This  cost  is  figured  for  a  year  and  then  reduced 
to  a  mileage  basis.  Cost  of  gasoline  depends  on  the  fuel  consumption  of 
the  motor  and  the  prevailing  price  of  gasoline.  Cost  of  current  depend! 
on  type  of  motors,  etc.,  and  cost  per  kw.-hour  for  charging  batteries.  It 
is  best  to  figure  this  on  a  yearly  basis  and  then  reduce  to  a  mileage  basis.  The 
same  discussion  applies  to  oil. 

Summary. — The  total  of  items  under  I  gives  total  cost  per  day  for  fixed 
charges.  Assuming  a  certain  daily  mileage,  and  multiplying  the  rates  for  the 
various  items  under  II  by  this  mileage,  we  get  the  daily  cost  for  each  item. 
Total  of  these  gives  total  variable  costs  per  day.  Adding  daily  fixed  chaiges 
and  daily  variable  charges,  we  obtain  total  daily  operating  cost.  Ton-milei 
per  day  is  the  product  of  the  tonnage,  by  the  distance  this  tonnage  was 
carried.  Dividing  average  cost  per  day  by  ton-miles  per  day,  we  obtain 
"  Cost  per  Ton-mile"  which  in  the  final  result  sought.  As  an  example  of  tlM 
foregoing,  see  Table  V,  which  shows  costs  for  a  5-ton  gasoline  truck,  flgund 
for  various  daily  mileages,  and  Fig.  1  plotted  from  these  figures. 

Horse  Tnickiag. — Following  out  the  same  computation  for  hoise  diMn 
trucks,  the  costs  would  be  determined  as  follows: 
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I.  Fixed  Cbabok>.  A.  Drincr, — ^In  case  the  driver's  wa^m  are  p^d  t>r  tha 
week.  It  Is  beet  to  flsure  this  Item  on  the  basis  ol  a  year  and  then  reduce  It  to  ■ 
d>Uy  basis.     For  average  Seiires  at  ChlcagD,  see  Table  VI. 

B,  Stalilt,—It  B,  tnictc  ownei  keeps  a  stable  lor  his  equipment  the  foUowins 
items  should  be  included  in  the  cost  account:  |a)  Feed,  har  aDd  straw,  water 
and  stable  Bup[illea.  ib}  TaikCS,  Insurance,  depreciation,  interest;  St  the 
building  Is  rented,  rent  includes  all  ot  these,  (c)  Light,  he«t  and  pomr. 
Cd)  Wages  ol  slablsmen.  helpers,  etc.;  salary  o(  manager. 


Fio.  1.— Eetimaled  daily  Fott  of  operalion  of  five-ton  gasoline  truok  subdiridad 

If  he  boards  his  horses,  a  flat  figure  coveTs  all  of  the  above  items.  Reccrf 
ot  costs  should  be  kept  foi  a  year  and  then  reduced  to  a  dally  buts  by  urine 
the  average  days  In  service  per  year. 

Table  VI.— Coots  Incidbnt  to  Hobs!  TaisspoarATioH,  Cmuoo 

Commodity          1S71         1S81         1891         1901         leOS         1911  I9IS 

Corn,  per  bu...   to. 30       (0.035    tO.G9       f0.e7G    K.*9      tO.TO  tO.BO 

Data,  per  bu. .  .        ,33           .<88         .334         .483         .858         .47*  .«0 

1903         1907         1908         1909         1910         1911  1919 

Hay,  pertOD.  (15.00      31.50      14.00        17.00      21.00      36.00  30.00 

Chicaqo  TnncK  Dbivebb,  Waoib  Pes  Vbbe 
Type  ot  wagon 

Single  wagon                            1902        1904         1909         1909         1910  ISIS 

Onehorsc til. 00     til. £5    tll.SS    til. SO    tlZ.OO  tlS.tO 

Twohoraes 12.75       13,00       13.00      13.50       14.00  IS. BO 

Double  wagon 

Twohoreea 13.75       14,00       14,00      14, BO       IS, 00  16, SO 

Thre«  hones 15.50       15.75       IS. 75      16,00       17,00  IS. SO 

Fourhoows 10. .W       17,00       17,00      18,00       18,00  19,80 

eiihorsM m.-so     19.00     19.00     20.00     30. so     ai.u 

Overtime  (y«ar  1912),  30  cents  per  hour  up  to  8  p.  m. 

D.  Jnlcr<il. — The  same  methods  are  applied  as  In  connection  with  nuilat  '. 

tmcldnE.     Interest  on  horses  and  equipment  (hatnees,  wagons,  blankets,  ttej.     , 

£.  /niuranet.^No  insurance  is  carried,  as  a  rule.  i 

F.   Veterinary  and   Mrilicint. — Chargefl  for  a  year  aie  reduced  to  dill7~  i 
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n.  Yabiablb  Chabqbs.  A,  Depreciation, — Distinctly  a  mileage  charge, 
as  horaes  are  worn  out  much  quicker  by  woridng  long  hours,  and  constantly, 
than  by  giving  them  plenty  of  rest.  Under  average  conditions,  horses  are 
unfit  for  heavy  trucking  after  more  than  a  few  years'  service.  Life  of  wagons, 
while  somewhat  longef,  depends  on  the  amount  of  service;  also  on  nature 
of  service  and  care  as  to  upkeep.  Yearly  mileage  under  average  conditions  is 
based  on  average  number  of  working  days,  and  an  average  daily  mileage  (not 
over  18  miles  for  light  work,  considerably  less  for  heavy  work).  The  original 
cost  must  thus  be  divided  over  the  total  mileage  for  the  working  life  of  the 
horse.     Cost  of  wagon  is  distributed  in  same  way.     This  gives  cost  per  mite. 

B.  Repairs. — Repairs  on  harness  and  wagons,  painting,  etc.,  are  figurecl 
for  a  year  and  then  reduced  to  a  mileage  basis  by  applying  the  total  yearly 
mileage.     For  any  given  daily  mileage,  find  total  mileage  cost  per  day. 

The  sum  of  fixed  and  variable  charges  gives  total  cost  per  day.  Dividing  by 
ton-miles  per  day  gives  the  final  result,  cost  per  ton-mile.  The  curves  shown  in 
Fig.  2  give  quite  accurately  the  ton-mile  costs  for  various  capacities  of  trucks, 
gasoline,  electric  and  horse  drawn,  figured  for  various  mileages.  Table  VII 
shows  another  method  of  keeping  the  cost  records  for  two-horse  and  three- 
horse  wagons.    The  final  result  is  cost  per  ton-mile. 

Table  VII, — Cost  or  Operating  Horse  Wagons 
(On  basis  of  five  years'  operation:  loaded  both  ways.) 
Two-horse  wagon — 

Price  of  open  express-body  wagon $300 .  00 

Price  of  two  horses 400. (X) 

Price  of  double  set  harness 75 .  00 

Total  cost  of  equipment $775.00 

Working  days 300 

Average  miles  per  day. 20 

Load  in  pounds 8 ,  000 

Per 

Items  working  Per  Per 

Wagon  expense —                             Per  year  day  Per  mile  ton  mile  cent 

Maintenance,  grease,  repairs,  etc  $     125 .  00  $0 . 4 1 7  $0 .  0208  $0 .  0062  6 .  94 

Depreciation,  10  per  cent 30 .  00  .100  .  0050  .0012  1 .  66 

Rental  value  of  space 25.00  .084  .0042  .0010  1 .38 

Horse  expense — 

Depreciation,  15  per  cent 60 .00  .200  .  0100  .  0025  3 .  33 

Ratio  that  die.  1  in  20 10.00  .433  .0016  .0004  .56. 

Feed  and  bedding 360.00  1.200  .0600  .0150  20.00 

Care  Chostlcr) 100.00  .333  .0168  .0042  5.57 

Veterinary 15.00  .050  .0026  .0007  .84 

Medicine 10.00  .033  .0016  .0004  .56. 

Rental  value,  space  for  horses...  125.00  .417  .0208  .0052  6.94 

Shoeing 50.00  .167  .0083  .0021  2.78 

Water 10.00  .033  .0016  .0004  .56 

Blankets 8.00  .026  .0014  .0004  .45 

Deterioration  to  building  caused 

by  horses 16.00  .053  .0027  .0007  .89 

Rental  value  of  space  for  storing 

feed 12.00  .040  .0020  .0005  .66 

Harness  expense —                                                                  ^  ^^^^ 

Depreciation 7.50  .025  .0012  .0003  .41 

Maintenance  and  repairs 10.00  .033  .0016  .0004  .56 

Rental  value  of  space 5.00  .017  .0008  .0002  .28 

Interest  on  investment 46.50  .155  .0077  .0019       2.58 

Driver'swages 750.00  2.500  .1250  .0313     41.66 

sSblJsuppBes 15.00  .050  .002.5  .0006         .83 

B^ovingmanuro 10.00  .033  .0016  .0004 .b% 

$1,800.00  $5,999  $0.2998  $0.0760  100. 
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Three-horse  wagon — 

Price  of  open  wagon $    375.00 

Price  of  three  horses 750. 00 

Price  of  harness 100.00 

Total  cost  of  equipment $1,225.00 

Working  days 300 

Average  miles  per  day 18 

Load  in  pounds 12,000 

Per 
Items  working  Per  Per 

Wagon  expense —  Per  year        day       Per  mile  ton  mile     cent 

Maintenance,  grease,  repairs,  etc.,  $125.00  SO. 417  $0.0232  $0.0039  5.20 

Depreciation,  10  per  cent 37.50  .125  .0007  .0011  1.56 

Rental  value  of  space 30.00  .100  .0056  .0009  1 .25 

Horse  expense — 

Depredation,  15  per  cent 112.00  .374  .0208  .0035  4.66 

Ratio  that  die.  1  m  20 10.00  .033  .0018  .0003  .42 

Feed  and  bedding 550.00  1.834  .1019  .0169  22.91 

Care  (hostler) 150.00  .500  .0278  .0046  6.25 

Veterinary 20.00  .066  .0036  .0006  .83 

Medicine 15.00  .050  .0028  .0004  .63 

Rental  value,  space  for  horses. ..  150.00  .500  .0278  .0046  6.25 

Shoeing 75.00  .250  .0139  .0023  3.18 

Water 15.00  .050  .0028  .0004  .63 

Blankets 12.00  .040  .0022  .0004  .50 

Deterioration  to  building  caused 

by  horses 25.00  .084  .0046  .0007  1.05 

Rental  value  of  space  for  storing 

feed 15.00  .050  .0028  .0005  .63 

Harness  expense — 

Depreciation 12.00  .040  .0022  .0004  .50 

Maintenance  and  repairs 20  00  066  .  0036  .  0006  .83 

Rental  value  of  space 8.00  .027  .0015  .0003  .33 

General — 

Interest  on  investment 73.50  .245  .0136  .0024  3.06 

Driver's  wages 900.00  3.000  .  1666  .0278  37.50 

Stoble  supplies 25.00  .084  .0046  .0007  1.05 

Removing  manure '     20.00  .066  .0036  .0006  .83 

$2,400.00  $8,001  $0.4380  $0.0739  100. 

Comparative  Economies. — The  costs  of  horse  transportation  were  cal- 
culated as  follows:  A  one-horse  truck  with  driver  can  be  hired  for  $4  per  day. 
Its  maximum  daily  mileage  would  be  22  miles  and  its  maximum  capacity  1 
ton.  Hence,  ton-miles  per  day  (full  load  half  way)  =HX22X1«-11; 
and  cost  per  ton-mile  =  $4.00  -^  11  =  $0,364.     Similarly: 

Two-horse  truck  with  driver,  per  day $  6.00 

Maximum  daily  mileage,  miles 20 

Maximum  capacity,  tons 8 

Maximum  ton-miles  per  day  =MX20X3=» 30 

Cost  per  ton-mile  =  $6.00  -^30  = $  0.20 

Three-horse  truck  with  driver,  per  day $  8.00 

Maximum  daily  mileage,  miles 18 

Maximum  capacity,  tons 5 

Maximum  ton-miles  per  day  =  H  X  18  X  5  =» 45 

Cost  per  ton-mile  =  $8.00  h-  45  = $0. 178 


These  are  the  extreme  points  for  the  three  curves.  For  lower  mileages,  the 
costs  will  be  higher.  The  daily  mileages  given  are  much  higher  than  would 
be  obtained  under  average  operating  conditions.  Hence,  in  most  OMm^ 
the  costs  would  be  found  further  up  on  the  curves. 
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Tbe  flguni  from  whldi  cuirw  In  Fig.  a  w«re  plotted,  for  gawUiM  trucka, 
•ra  rram  ttpms  glTco  In  k  table  [ne  Table  VIII}  pubUabad  in  "  ConuneraUl 
Car  Journal,"  F<d>.  15,  1912,  and  are  arenwea  taken  oTer  a  Dumber  of  jeui. 
from  records  of  tniclu  in  actual  nrvlca.  The;  are  based  or 
that  full  load  Is  cmrrled  hall  wa;. 


Fia,  2.— Comparative  operatini  e«ele  of  (aaolioa,  elcctria  sod  1ioti«  trucka. 

The  bgaiBa  for  electric  trucks  itf  from  1  to  G  tons'  capacltr  (sea  Table  IX) 
■ere  taken  troni  a  table  published  In  February,  1912,  b;  the  Commonwealth 
EdlsoD  Co.  (tf  CblcacOi  a  compaor  operating  a  large  force  of  electrics  and 
wpplflng  current  to  man;  otben.    Both  theae  tables  are  thus  from  reliable 

a  Fig.  3  Is  glTea  another  act  o<  curves  diowlng:  (1)  Horae-haula«e  coets 

~  r  the  National  Aaaodatlon  of  Automobile  Manufacturers ,  from 

(2)   Probable  dally  mlleagee  tor  bone-truckB  ot 

a  capMltlea.     Tbeaa  sn'tbe  rcmdts  of-  actual  pracUce.     (.3)   M<Aoi- 

y.  A.  A.  M.  toi  (rudu  ot  various  capactti\«a. 
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Tbaae  apeedi  b»ve  b«eo  detemUned  otter  constdeiinK  ^  a>ile3  of  the  question, 
BO  that  depiedstion  will  not  be  too  i&pld.  due  to  eiceBslee  speeds.  (4)  The 
coats  Bhown  In  thlB  curve  [or  the  operation  o[  gasollDe  trucks  of  various 
capacities  were  plotted  from  ngiiree  published  by  the  Knox  sbd  the  Hewitt 
uitomobUe  compuiles.  Part  of  the  flares  are  aveiiiees  of  the  two,  the 
t  eltbei  Knox  or  Hewitt  costs  alone. 


Fio.  3.— CompATstive  aptrstms  ooat^  of  motor  and  hone  truckg. 

In  Fig.  2  truck  Capacities  up  to  5  tons  were  shown.  In  Fig.  4  addltlopal 
curves  are  shown  for  capacities  (rom  S  to  10  tons.  The  same  rates  of  increase 
were  maintained  In  flgurlng  the  unit  coats  in  Ibsae  trucks  ot  larger  capacity . 
the  results  b^ng  checked  by  eatimating  the  various  capacities.  In  addition, 
calculations  were  made,  assuming  average  conditions  as  to  running  speeds  and 
working  hours,  to  determine  what  dally  mileages  trucks  ol  tlieee  various 
capacities  would  accoufpiish  uoder  ordinary  conditions.  Results  were  com- 
pared with  figures  submitted  hy  the  N.  A.  A.  M.,  and  werelound  to  check  quite 
well.  A  curve  was  plotted  from  these  values,  between  daily  mileages  and  truck 
capacity,  on  the  same  sheet  with  the  other  curves.  This  curve  cuts  the  cost 
curves,  thereby  marking  out  the  working  part  of  these  curves  (or  average 
conditions.  The  coat  curves  approach  one  another  as  capacity  is  increased; 
increase  of  dally  costs  begins  to  catch  up  to  incrciise  in  dally  ton-miles,  so  that 
U  becomes  less  and  less  ol  an  advantage  to  increase  front  one  capacity  to  the 
next.  This  Is  true  even  when  the  mileages  per  day  are  kept  constant.  But  In 
actual  changing  from  seven  to  ten  ton  capacity  there  Is  practically  no  decrease 
In  cost  of  hauling  per  ton  mile. 

Referring  again  to  Fig.  2  we  End  that  for  low  mileages,  up  to  about  18  miles 
per  day,  the  three-horse  truck  is  the  most  economical  means  of  transporting 
goods.  This  then  is  the  field  of  usefulness  of  the  linrse-drawn  vehicle,  I  e., 
where  traffic  loading,  unloading  or  other  conditions  are  such  that  the 
conveyance  Is  forced  to  remain  Idle  a  considerable  portion  of  the  day  and  would 
therefore  be  un-economical.    Realizing   the   truth   of   this   argument,   the 
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truck  manutacturar  ia  deaignlng  loading  aod  unloadlne  devlc«,  by  the  use  <tf 
nhlch  stuidlns  tinw  is  reduced  to  a  minimum,  and  the  motor  truck  ia  thui 
able  to  cope  succesatully  with  the  horse,  even  in  this  short  haul  work.  To 
reduce  loading  time,  several  means  are  resorted  to.  depending  on  (he  nature  of 
the  product  to  be  transported.  For  building  materials,  coal,  etc.,  craaea, 
scoops  and  other  mecbanlcal  loading  devlF«a  are  employed  with  great  auccefls. 
For  general  merchandise,  bodies  made  up  of  several  miita  are  used.  For 
uploading,  the  bodies  are  made  to  dump  eitber  by  power  or  by  hand.  Where 
removable  units  are  employed,  these  are  removed  by  cranes  or  trolleyg. 


Compaiative  Costs  of  Hsullng  with  Steam  Tractor  and  Team*  are  given  by 
K.  r.  Sawyer  In  Engineering  and  Contracting,  March  13.  1912.  The  records 
were  taken  in  1011  on  road  extension  work  of  Menominee  County,  Mich. 

Owing  to  the  fact  that  the  steam  haulers  (75  h.  p.  Case  Traction  Engines) 
were  a  new  part  of  the  county  plant  a  comparison  was  worked  out  to  show  the 
advantage  of  using  this  equipment.  This  comparison  was  taken  directly 
from  the  schedule  of  actual  costs  of  tbD  road.  In  the  work  12,177  cu.  yds.  of 
stone  were  bandied  by  the  engines  and  1,912  cu.  yds.  by  team.  This  work 
was  under  Identical  conditions  and  gives  a  good  basis  o(  comparison.  The 
team  haul  rate  was  53  els.  per  yard-mile.  This  would  be  nniBldered  hi^ 
under  normal  conditions,  but  it  was  good  under  existing  conditions.  The  con- 
ditions under  wbicb  the  hauling  was  done  were  very  stern  as  Is  shown  by  the 
tact  that  It  was  possible  to  load  only  about  a  ton  to  the  load  for  teams  at  the 
start,  and  even  then  It  was  necefioary  to  double  the  teams  over  conaldersble 
of  the  road  now  built.  Only  good  teams  weighing  2.D00  lbs.  to  S,100  lbs. 
each  were  used.    Further  details  regarding  tbe  hauling  are  given  In  Table  X. 
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Tabub  X. — Cost  of  Hauling  with  Tractob  and  Tkaus 

Steam  tractor 
Item  haul  Team  haul 

Av.  haul,  ft 9,700  2,300 

Total  cu.  yd 12,177  1,912 

Co9t 

Labor '. $940.87           

Coal  and  oil $814.08           

Total $1764.95  $454.26 

Av.  per  ou.  yd 14 .  5c  23 .  8c 

1  cu.  yd.  per  mile 8 .  6c  *  53 .  • 

*  This  is  an  average  of  the  monthly  rates  operating  cost  of  tractor  labor  17-20 
eta.  per  hr.,  engineers  25-27  cts.  per  hr.,  coal  $4.50  f.o.b.  scow.  Teams  were  hired 
at  45  cts.  per  hr. 

The  following  is  a  comparison  of  the  cost  of  the  engine  haul  and  team 
haul: 

Engine  Hard. — ^Engines  hauled  12,177  cu.  yds.,  a  mean  haul  of 

9,700  ft.  at  a  cost  of $  1 ,754.  96 

20  %  interest  and  depreciation  on  $6,200  plant 1 ,  260. 00 

Water  tower  expenses 140.  92 

Cleaning  and  repairs  on  haul  equipment 163. 26 

Materi&l  placed  in  engine  track  in  excess  of  amount  required  by 

specifications,  1,703  cu.  yds.  at  47  cts 800. 41 

Total $  4 , 1 19.  55 

Team  Havl. — Team  haul  cost  at  53  cts.  per  mile  gives  average  cost 

9  700 
for  mean  haul  of  9,700  ft.  of  53  cts.  X  -'  „^  »=  96  cts.  per  yd. 

0,ZoU 

hauled  9.700  ft.  by  team  as  mean  haul  12,777  cu.  yds.  at  96  cts $11. 689. 92 

Saving  by  use  of  engine $  7 ,  507.  87 

Moles  vs.  Steam  Tractor  in  Hauling  for  Road  Work  at  Los  Angeles. — 
According  to  H.  R.  Postle,  Engineering  and  Contracting,  Oct.  22,  1910,  In 
hauling  crushed  rock  from  cars  to  the  road,  under  construction  at  Los  Angeles, 
Cal.,  it  proved  cheaper  to  haul  rock  with  mules  than  with  a  traction  engine, 
using  the  type  of  wagon  ordinarily  manufactured  and  sold  to  be  drawn  in 
train  with  an  engine.  The  particular  wagon  used  was  the  Port  Huron  5-yd. 
or  6  ton  wagon;  each  was  fitted  with  a  tongue,  two  mules  being  hitched  along- 
side the  tongue  with  three  abreast  in  the  lead.  With  a  haul  of  about  H  mile, 
each  wagon  made  10  trips  per  day  of  8  hours,  thus  delivering  on  the  road 
60  tons  of  rock  at  a  cost  of  $7.50  (five  mules  at  $1.00  per  day  and  $2.50  per  day 
for  the  driver)  or  $0,125  per  ton.  To  have  hauled  60  tons  of  rock  with  2-yd. 
wagons  would  have  required  two  and  a  half  2-yd.  wagons  costing  $4.25  each 
(two  horses  $2.00,  one  driver  $2.25)  or  $10.65,  which  would  make  the  cost 
$0,177  per  ton,  which  shows  a  saving  of  $0,052  per  ton  by  hitching  more  stock 
to  one  wagon  and  using  a  large  sized  wagon.  The  saving  will  increase  with  the 
length  of  haul.  The  coupling  of  two  or  three  wagons  together,  or  using  a 
wagon  of  large  capacity,  with  4  to  8  head  of  stock  is  a  very  common  California 
practice,  and  is  one  which  the  writer  has  failed  to  observe  in  the  east.  It 
is  the  writer's  experience  that  this  method  of  hauling,  unless  the  haul  be  a  long 
one,  will  g^ierally  be  found  to  be  cheaper  than  hauling  by  engines  for  the 
following  reasons: 

1.  To  load  a  train  of  wagons  quickly  requires  either  a  private  or  specially 
constructed  railroad  switch  and  loading  bins,  or  two  trains  of  wagons,  one  of 
whi(^  is  loading  while  the  other  is  on  the  road.  Loading  wagons  continuously 
one  by  one  does  not  require  so  much  in  the  way  of  switches,  bins  or  wagons. 

2.  Most  contracts  demand  an  equipment  easily  and  cheaply  movable  from 
one  switch  to  another.    It  is  seldom  that  all  of  the  loading  can  be  done  at  one 
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switch,  consequently  expensive  equipment  which  cannot  be  cheaply  and 
quickly  moved,  is  not  justifiable. 

3.  Horse  equipment  is  better  adapted  to  tom-up  and  dusty  roads,  which  are 
sure  to  be  encountered  where  construction  work  is  in  progress. 

4.  Horse  drawn  wagons  are  more  eas^y  handled  on  the  sub-grade  where  the 
rock  is  dumped.  They  pull  in  on  the  sub-grade  more  easily,  do  less  damage, 
dump  and  pull  out  and  turn  around  more  quickly. 

5.  On  very  few  contracts  and  on  very  few  railroad  switches  can  rock  be 
delivered  fast  enough  to  justify  the  equipment  required  for  engine  hauling. 
The  whole  equipment,  the  necessary  unloading  devices  and  the  number  of 
wagons,  more  easily  fit  the  general  run  of  contracts  where  horse  drawn  wagons 
are  used. 

Of  the  numerous  contracts  now  under  construction  in  Los  Angeles  County, 
where  $3,000,000  is  being  expended  on  macadam  road  construction,  on  only 
one  is  the  rock  being  hauled  by  steam  engines.  They  were  tried  on  several 
others,  but  quickly  abandoned. 

Motor  Truck  Cheaper  than  Teams  on  Hauling  GraveL — F.  P.  Scott  in 
Engineering  News-Record,  May  16,  1918,  gives  the  following  data  on  cost  of 
hauling  gravel  for  road  constructing  in  Montana. 

Teams  and  a  5-ton  (5  cu.  yd.  capacity)  truck  were  used.  Late  delivery  of 
the  truck  prevented  it  doing  its  full  share  of  the  work. 

Labor  and  supplies  were  paid  for  at  the  folloY^ing  rates:  Conunon  labor; 

•  S0.375  per  hour;  team  and  teamster,  $0.75  per  hour;  foreman,  $0.45  per  hour, 

truck  drivers,  $100  per  month;  gasoline,  $0.27  per  gallon;  oil,  $0.52  per^aL 

Table  XI. — Compabativk  Cost  of  HAXTiiiNO  Gbavbl  bt  Tbams  and  Motob 

Tbuck 

Item  Team  hauling    Truck  hauling 

Total  amount  hauled,  ou.  yda 21 .952  2,937 

Haul,  miles  ave 1.688  2.079 

max 2. 126  2.416 

min 0.704  1.805 

Coat  per  yd.  mi.,  ave $0,431  $0,236 

max 0. 813  0. 292 

min 0.349  0.168 

The  operating  costs  of  the  truck  upon  which  the  above  units  are  based  w«r6 

as  follows: 

Operator $292.06 

Repairs 131 .  69 

Fuel 820.68 

Int.  and  Depr 696. 16 

Economics  and  Costs  of  Motor  Truck  Operation. — The  following  mattar, 
from  a  paper  by  W.  H.  Clapp  in  the  Journal  of  the  A.  S.  M.  E.,  Oct.,  1916,  is 
given  in  Engineering  and  Contracting,  Oct.  18,  1916. 

Economics  of  Truck  Operation. — For  many  kinds  of  haulage,  covering  a  wide 
range  of  operation,  the  motor  truck  is  distinctly  superior  to  any  other  method 
of  transportation.  Given  an  active  service  at  full  load,  with  a  terminal  nol 
definitely  fixed  and  a  radius  of  operation  up  to  30  miles,  it  is  an  exoeptioiial 
condition  which  will  justify  any  other  method  of  goods  haulage. 

There  are,  however,  special  considerations  which  may  have  ccmsidenibit 
bearing  upon  the  employment  of  a  truck.  A  conmiittee  of  the  Boslaii 
Chamber  of  Commerce,  in  a  detailed  report  on  street  traffic  in  Boston,  cover- 
ing eighteen  months  of  study,  reported  that  "development  of  motor  truBki 


il  b;  moving  all  maicbandlw  In  larger  units  nod 
mora  itMlj,"  and  that  "  the  iiTenge  speed  of  motor  vehicles  In  getting  into 
ndawsylnHnnllwkr  lAnnlDolB  Is  tnim  two  to  thise  times  that  of  (he  horse." 

C«ttt  of  AmoUih  Tmekt. — Fig.  6  glveo  curves  at  a 
pnKr  (aTerase  vatuee)  foi  all  classes  at  gasoline  trucks 
of  motor  truck  publications.  The  noticeable  feature  of  these  curves  la  tbe 
wdden  break  of  each  tor  the  lighter  trucks  of  less  Iban  1  ton  capacity.  These 
tbm  that  the  demand  (or  a  light  trudi  has  been  met  by  making  a  vehicle 
which  is  much  lighter  tor  the  rated  load  tban  tbe  heavier  trucks.  This  Is 
poaslMe  berause  Ctf  tbe  higher  engine  speed,  a  more  simple  Qaal  drive,  torque 
and  Uuuat  taken  through  the  vehicle  springs,  and  by  tbe  generous  use  vt 


Fig.  S. — AvHwe  e\ 


special  alloya  and  heat-treated  steels.  The  curves  suggest  that  these  trucks 
are  too  light  lor  the  load  that  tbsy  are  luted  to  carry.  Thut  this  Is  true  Is 
abundantly  proved  by  the  records  of  many  light  trucks  which  show  that  the 
average  lUe  of  a  light  delivery  truck  is  about  3.^,000  miles,  ubereas  the 
heavier  trucks  when  properly  drlven;and  cared  for  can  be  depended  upon 
to  give  BO.OOO  to  100.000  miles,  or  eveo  more  for  the  letter  griide  of  trucks,  It 
they  are  carrfully  driven  and  ordinary  maintenance  la  kept  up. 

Table  XII  la  an  Itemized  coat  statement  for  various  sizes  of  gasoline  trucks 
under  average  service  conditions  on  the  rosda  of  southern  California.  That 
these  costs  are  somewhat  lower  than  averages  for  other  localities  may  be 
largely  credited  to  good  roads  and  an  equable  climate.  In  making  this  table 
three  conditions  ol  operation  are  assumed:  the  coats  for  each  size  nt  truck  are 
computedforadaily  runof  25,  50  and  75  miles,  and  for  each  condition  (he  life 
ol  the  truck  Is  retlraated,  and  depreciation  Is  based  on  this  life.  Costs  are 
given  in  dollar*  (or  the  entire  life  of  the  truck,  Firat  costs  are  average  chassis 
coKs  In  Los  Angeles,  as  follows^  Light  delivery  wagon,  IS  h.  p.,  tSOO.;  1,G00 
11 
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Hm.  tiuck.  2ah.  p.,  tl.lOO;  1  ton  track,  24  h.  p.,  |l,gTE.;  IH  ton  track,  2Sh.  p., 
(3,1601  3  tan  track  26  h.  p.,  t2,BZ5.;  3M  ton,  truck  32  li.  p.,  K.SOO.:  G  too 
truck,  35  h.  p..  t4,e0O;  OH  ton  truck,  40h.  p..  IS,oao. 

In  Clllfomlft  diMlUato  la  being  used  to  quite  an  eitenl  aa  a  Bubatltute  far 
KWoUne.  Tbe  coat  per  giJloa  te  about  half  that  of  gaaoUne  at  the  present 
time  (iBlfl),  and  tbe  b.  t.  u.  content  somewhat  greater.  A  euppl;  gasoline 
la  carried  and  used  In  atartlng.  The  conaumptlon  of  distillate  is  about  the 
aame  aa  that  at  gasoline.  Tbe  auccess  which  bas  attended  this  innovation 
would  seem  to  Justify  the  rlalms  that  the  use  af  distillate  does  not  increase 
carbon  trouble.    The  question  of  a  lessened  volumetric  eCQcleacy  Is  a  negligible 


5i  si  :^   Si  sS  li  Ji 
1*111    Flill 


Tires  will  outwear  the  manufacturers'  guarantee  at  leaat  25  per  cent  when 
used  on  the  good  roads  o(  soutberu  California.  Smooth  roads,  dry  surfaces 
and  an  equable  dlmale  all  contribute  to  this  result.  Overloading  and  over- 
speeding  are  the  tilings  (hat  shorten  tire  life.  However,  tbe  Important  con- 
sideration Is  not  tire  economy,  but  economy  of  truck  operation  per  ton  of 
material  carried;  therefore,  durability  Is  only  one  factor  that  must  be  taken 
Into  account.  HeaiUence.  which  prevents  the  wasting  of  truck  power; 
cuabloning  effect,  which  keeps  the  maintenance  charges  low  on  the  whole 
truck;  a  good  tractive  grip  and  a  reasonable  cost  are  all  properties  which  are 
required  in  a  (ruck  tire, 

Optratin^  CnMt.—Flg.  6  gives  a  graphical  view  of  percentage  costs  for  a 
U^t,  a  medium  and  a  heavyweight  track,  each  averaging  50  miles  a  day. 
The  lygber  proporUtm  which  the  light  truck  has  hi  tbe  Stems  of  labor,  depreda- 
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tiaa  and  mttlntenance  is  nottceable.    Agslnat  tbia  k 
ceotBge  ot  the  entire  cost  charged  to  fuel  SDd  tires 

In  dlscussicg  moCor  truck  costs  it  Is  not  possible  ti 
which  here  more  than  in  most  otses  ot  machinery  handline  is  on 
pal  Items.  It  is  hardly  loo  much  to  say  thai  maintenance  costs  ore  cliiafly 
driver.  An  expensive  and  mtrlcste  machine  is  put  In  charge  ot  a  low-paid 
employe  who  is  not  the  owner  and  who  ordinarily  has  but  a  limited  knowledge 
□C  machinery.  This  Is  one  reason  why  the  life  of  a  light  truck  is  usually  about 
two  or  three  years. 

Ownership  of  eight  or  ten  trucks  will  jUBtiCy  on  owner  in  employing 
a  mechanic  who.  with  a  small  outtlt  of  tools  and  a  helper,  can  keep  the  truclis 
clean  and  in  adjustment  and  make  many  of  the  smaller  repairs.  Reliable 
service  garages  are  now  to  be  lound  which  will  do  the  some  work  (or  a  reason- 
able charge,  and  this  is  more  satisfactory  than  to  leave  it  to  the  driver. 


s  psrOay. 


the  same  kic 

a  poor  driver  will  shorten  the  life  of  a  truck. 

The  truck  governor  has  helped  to  solve  the  speeding  problem.  Another  aid 
is  the  recording  speedometer,  which  gives  a  gr^hicai  log  of  each  day's  run- 
velocity  plotted  8«ain9t  time:  thus  every  minute  of  the  day  la  accounted  for; 
the  number  of  stops  and  time  ot  each,  maximum  speed,  etc.  The  chut 
will  show.  lor  example,  whether  It  will  pay  to  put  on  a  second  man  to  hosteo 
deliveries  or  whether  a  rerouting  of  enisUng  lines  will  give  a  belter  aU -around 
service.  A  driver's  record  sheet,  if  it  Is  brief  and  informing  and  Dlled  out  eadi 
.be  drawn  off  at  the  office  and  kept  up  to 
ess  changed  conditions  can  be  recognlied 

Fig,  7  gives  curves  for  gasoUne  trucks  plotted  from  the  data  of  TaWe  XII. 
These  curves.  If  continued  out  to  the  line  of  sero  miles  per  day.  show  the  daHj 
fixed  charges  for  each  truck.    The  cost  per  day  Incieosea  quite  unUonnlX' 
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with  the  hicrease  in  size  of  the  truck,  whether  the  daily  run  be  a  large  or  a 
small  one.  The  cost  per  ton  mile  is  based  on  a  full  load  each  way.  This  chart 
shows  that  under  such  favorable  conditions  of  haulage  a  heavy  truck  may 
reach  a  ton-mile  cost  of  as  low  as  5  ct.,  provided  that  the  nature  of  the  work  is 
such  that  the  truck  can  be  run  daily  at  the  rate  of  50  or  60  miles  a  day.  This  is 
a  heavy  mileage  for  a  big  truck,  and  such  an  ideal  service  as  would  be  repre- 
sented by  a  full  haul  each  way  on  level  roads,  with  loading  and  unloading 
time  minimized  so  that  the  truck  could  be  under  way  for  six  or  seven  hours 
each  day  and  with  no  extra  helper  required,  is  not  often  found. 

In  deciding  upon  a  truck  one  of  the  most  important  questions  to  settle  is 
that  of  size.  On  the  good  roads  of  this  section  (California)  it  is  more 
disastrous  to  buy  a  truck  too  large  for  the  work  than  to  buy  one  that  is  too 
small.  A  5-ton  truck  costs  some  25  per  cent  more  to  operate  than  a  3-ton 
machine,  nor  is  this  cost  reduced  very  much  by  taking  a  lighter  load  on  the 
heavier  truck.  Interest,  depreciation,  maintenance,  taxes,  insurance  and 
fuel — all  are  higher.  Until  very  recently  the  tendency  has  been  for  owners  to 
buy  trucks  too  large  for  their  needs.  Now  the  buyers  have  commenced  to 
realize  that  it  costs  too  much  to  "deliver  the  vehicle." 

The  writer  does  not  wish  to  encourage  overloading,  which  has  been 
responsible  for  many  truck  failures  and  against  which  much  has  been  written, 
but  he  does  wish  to  point  out  that  an  occasional  overload  of  25  per  cent,  or 
even  50  per  cent  when  handled  carefully  on  a  good  road  is  not  a  serious  matter, 
while  to  haul  a  heavy  truck  day  after  day,  loaded  at  half  capacity,  is  a  very 
serious  matter  If  one  would  haul  cheaply. 

Methods  of  Rediicing  Trucking  Costs. — To  get  a  low  cost  per  ton  it  is  neces- 
sary to  keep  the  truck  moving.  Devices  which  cut  down  the  time  of  loading 
and  unloading  are  very  important.  Among  these  are  self -dumping  bodies  of 
various  kinds  for  stone,  hot  asphalt  or  lumber;  loading  chutes  or  bins  which  are 
filled  by  elevator  or  conveyoc;  there  is  also  a  movable  steel  tipple  which  can 
be  run  alongside  a  train  of  flat  cars  and  be  filled  by  shovelers  while  the  truck 
Is  out  on  the  road,  so  that  the  actual  time  required  to  fill  the  truck  is  very 
little.  Another  device  is  the  use  of  extra  truck  bodies,  which  are  loaded  while 
the  truck  is  on  the  road  and  swung  onto  the  truck  by  an  air  lift  or  other  hoist. 
A  firm  of  wholesale  grocers  in  Los  Angeles  is  using  this  method  very  satisfac- 
torily. In  interurban  delivery  service  loading  nests  or  cartridges  are  being 
used.  These  are  filled  in  the  store  and  run  out  onto  the  truck.  There  is  some 
promise  in  the  extension  of  this  device  for  relieving  the  congestion  around 
freight  stations  and  also  for  interurban  service  where  a  heavy  truck  can  bring 
over  all  of  the  orders  for  an  entire  community  and  local  deliveries  be  taken 
care  of  by  light  trucks,  each  with  its  especial  cartridge.  A  scheme  somewhat 
similar  to  this  is  now  being  tried  out  by  the  city  of  Los  Angeles.  The  incom- 
bustible rubbish  is  gathered  by  a  house-to-house  collection,  using  wagons. 
The  material  is  put  in  large  cans  which  are  carried  to  a  central  point  and  a 
heavy  truck  is  used  to  haul  all  of  the  cans  to  the  city  dump. 

Comparisons  of  Operating  Costs  of  Horse-Drawn  and  Motor  Trucks. — The 
use  of  an  extra  man  to  facilitate  deliveries  will  often  save  enough  time  to  ipake 
a  good  investment.  One  of  the  large  department  stores  in  Los  Angeles  found 
that  on  a  certain  route  wher6  one  man  had  averaged  1 10  stops  a  day  two  men 
were  able  to  make  190  deliveries.  The  use  of  self-starters  on  trucks  of  this 
type  is  also  becoming  common.  These  save  a  little  time  on  each  stop  and 
also  keep  the  driver  out  of  the  dirt,  and  particular  customers  appreciate  this 
feature.     At  the  plant  of  the  Southern  California  Gas  Company  the  night 
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man  unloadjs  the  trucks  and  stores  the  pipe  and  old  meters  that  have  been 
collected  during  the  day,  and  then  puts  onto  the  truck  the  new  supplies  that 
have  been  requisitioned  lor  the  coming  day. 

Fig.  8  and  Table  XIII  show  a  comparison  between  the  cost  of  running  a 
light  gasoline  delivery  truck  such  as  is  used  for  close-in  delivery  work  by 
grocers  and  the  cost  of  running  a  one-horse  delivery  wagon.    The  costs  are 
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Pig.  8. — Comparison  of  single  horse  and  wagon  and  light  delivery  truck  coats. 

from  actual  costs  gathered  in  Los  Angeles  and  vicinity  and  averaged.  For 
each  vehicle  the  cost  is  figured  for  the  vehicle  idle  and  again  when  running 
at  a  fair  maximum  daily  average.  The  figures  show  that  there  is  no  excuse 
for  using  a  horse  for  this  kind  of  work,  whether  the  number  of  deliverieB  be 
large  or  small.  Twenty  miles  a  day  is  a  maximum  for  any  delivery  hone  If 
used  300  days  a  year.  If  more  than  20  miles  a  day  are  to  be  covered,  it  Is 
necessary  to  duplicate  equipment. 

Fig.  9  and  Table  XIV  give  a  similar  comparison  between  the  oost  of  oper- 
ating a  5-ton  gasoline  truck  and  heavy  teams  used  for  such  work  as  rock  and 
dirt  haulage  and  heavy  transfer  work  generally.  As  in  Fig.  9,  the  ooets  ure 
figured  from  actual  costs  based  on  a  maximimi  of  service  per  day  and  en 
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assumption  as  to  what  the  costs  would  be  if  the  vehicle  did  no  work.  The 
curves  show  that  the  truck  should  liave  enough  work  to  do  to  occupy  the  time 
of  more  than  one  team,  if  it  is  to  be  the  cheaper  vehicle.  The  Pacific  Electric 
Railway  Co.  uses  heavy  trucks  for  patcliing  and  paving  along  the  line.  They 
find  that  for  work  outside  the  business  district  the  truck  will  do  the  work  of 
two  or  three  teams,  depending  upon  the  length  of  haul  and  the  size  of  the 
job;  for  long-distance  hauling  the  truck  will  do  the  work  of  four  or  five  teams. 
In  paving  Vernon  Ave.  the  rock  and  crushed  stone  were  delivered  by  teams, 
the  average  haul  being  about  two  miles.    Each  team  delivered  a  3-ton  load 

TABI.E  XIII. — Comparison  of  Opebatinq  Costs  of  a  Singlb-Horse  Wagon 

AND  a  Light  Delivery  Truck 

Cost   of  wagon   equipment   (horse,   $250;   wagon,   $140;   harness,   $40),   $430. 
Cost  of  700-lb.  capacity  gasoline  truck,  $600. 

— Wagon  costs —   — Truck  costs — 

20  miles  60  miles 

Idle       per  day         Idle     per  day 

Estimated  life,  years 10 

Depreciation $0 .  108 

Interest  at  6  per  cent 0. 086 

Taxes 0.009 

Stable  and  garage  rent 0. 200 

Insurance  (fire  and  theft) 0 .  030 

Driver  (H  time  when  idle) 0. 666 

Feed — 

Hay,  10  lb.  and  15  lb 0.102       0.153     

Oats.  10  qt.  and  15  qt 0.200       0.300     

GasoUne,  at  16  ct.  per  gal 0 .  640 

Lubricating  oil,  at  40  ct 0. 130 

Hostler  (1  man  to  12  horses) 0.200       0.300     

Cleaning  and  oiling 0 .  400 

Shoes  and  veterinary 0 .  095       0 .  135     

Tires  and  tubes 0 .  625 

Reijairs  to  wagon 0. 090     

Maintenance 1  •  200 

Water,  bedding,  etc 0.045       0.045     0005 

Total  cost  per  day $1,741     $3,404     $1,209     $6,103 

Table  XIV. — Comparison  of  Operating  Costs  of  a  5-ton  Gasoline  Truck 

AND  A  Heavy  Two-horse  Wagon 

Cost  of  wagon  equipment  (2  draft  horses,  $600:  wagon,  $300;  harness,  $100), 

$1,000. 
Cost  of  5-ton  gasoline  truck,  $4,800. 


Depreciation $ 

Interest 

Taxes 

Stable  or  garage 

Insurance  (liability) 

Driver 

Helper 

Peed  or  gasoline 

Oil,  grease,  waste,  etc 

*j    Shoes  and  veterinary,  or  tires 

Repairs,  maintenance 

Water,  bedding,  etc 

Hostler 


fn  X  1        *  (  Per  year $736 

Total  cost  I  p^j.  J^y 52.45 


-Wagon  costs — 

— Truck  costs — 

16  miles 

50  miles 

Idle 

per  day 

Idle 

per  day 

$  60 

$     120 

$     240 

$     480 

60 

60 

288 

288 

6 

6 

30 

30 

120 

120 

120 

120 

26 

140 

250 

750 

360 

1,080 

•    •    •    • 

600 

600 

90 

135 

686 

•    •    •    • 

5 

150 

25 

40 

550 

•    •    •    • 

25 

600 

25 

25 

■    ••••■• 

20 

100 

100 

$736 

$2,012 

$1,038 

$4,744 

52.45 

$6.70 

$3.46 

$15.81 
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and  averaged  SH  trips  per  day.  When  work  on  othei  contracts  took  the 
teams  away  the  work  was  sublet  to  another  contractor,  who  took  the  job  at 
the  same  price  per  ton  as  the  teams  were  figured  to  have  cost.  Three  5-ton 
trucks  averaged  12  trips  per  day  eaeh,  and  carried  an  average  of  54.7  tons 
peT  day  apiece.  This  makes  each  truck  equivalent  to  3.3  teams,  which  would 
represent  a  considerable  saving  by  the  use  of  trucks,  provided  they  could  be 
kept  steadily  employed. 
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FiQ.  9. — Comparison  of  coste  for  5-toii  gasoline  truck  and  heavy  teams. 

The  use  of  electric  trucks  for  delivery  service  is  not  so  general  in  Los  Angeles 
as  in  most  large  cities.  Two  of  the  largest  department  stores  in  Los  Angeles 
use  no  electrics,  and  other  stores  which  do  use  them  have  usually  a  smaller 
percentage  of  the  entire  fleet  of  this  type.  There  are  two  reasons  for  this: 
First,  a  smaller  congested  area  than  cities  like  Boston  or  Chicago;  and,  second, 
a  smaller  number  of  stops  per  mile.  For  light  delivery  service  where  the 
vehicles  carry  1,000  lb.  or  less  the  higher  first  cost  of  the  electrics  is  a  serious 
objection;  for  vehicles  in  the  1,500-lb.  class  the  difference  in  first  cost  is  not  so 
great,  and  the  electric  vehicle  will  show  a  lower  cost  per  delivery  than  thA 
gasoline  truck  where  the  latter  is  held  down  to  the  same  number  of  miles  per 
day.  Table  XV  gives  the  average  work  and  costs  for  one  month  for  b<Hh' 
classes  of  vehicles  for  one  of  the  large  department  stores  in  Los  Angeles.    From 

Table   XV, — Comparison   op   Gasoline   and   Electric   Delxvbbt   Truces 


(Averages  for  1  month) 


Type  of  truck 

Miles  traveled  per  day 

Stops  per  mile 

Stops  per  day 

Cost  per  mile,  cents 


Cost  per  stop,  cents 6. 12 


Gasoline 

Eleotrio 

76 

36 

1.96 

2.74 

147 

104 

12 

15.3 

6.12 

5.29 
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this  it  will  be  seen  that,  where  the  electric  truck  gives  a  cheaper  delivery,  it  has 
the  advantage  of  more  stops  per  mile.  It  is  probable  that  in  spite  of  the  close- 
in  traffic  conditions  the  gasoline  truck  would  cover  the  same  route  in  less  time 
or  give  a  larger  number  of  deliveries  per  day  in  the  same  territory.  These 
costs  are  based  on  the  use  of  two  men  with  the  gasoline  truck  ancf  one  man  on 
the  electric.  The  comparison  shows  that  the  advantage  in  favor  of  the  elec- 
tric truck  is  a  very  small  one,  and  may  vanish  altogether  under  comparative 
tests.  On  the  other  hand,  there  is  an  advantage  for  the  electric  in  its  quieter 
'Operation  and  greater  cleanliness  that  is  worth  something  in  delivery  service. 
Operating  Cost  of  5  -Ton  Dump  Truck  (Engineering  and  Contracting,  Aug. 
6,  1919). — ^As  the  result  of  a  questionnaire  the  Motor  Truck  Owners'  Associa- 
tion of  Philadelphia  ascertained  that  the  average  daily  cost  of  operation  for  a 
5-ton  truck  of  dump  body  type  working  under  (1919)  Philadelphia  conditions 
was  $26.09,  itemized  as  follows: 

Depreciation 

Interest 

Insurance 

License : 

Gasoline 

Oil  and  grease 

Repairs 

Garage  fees 

Overhead  expense 

Driver 

Tires 


Per  day 

Per  cent 

$  5  29 

20.3 

0.76 

2.9 

1.25 

4.8 

0.11 

0.4 

3.42 

13.1 

0.42 

1.6 

5.11 

19.6 

0.74 

2.8 

1.74 

6.7 

4.96 

19.0 

2.29 

8.8 

Total $26.09  100.0 

It  also  was  found  out  that  the  fixed  charge  costs  should  be  based  on  a  265- 
day  year,  and  that  the  average  daily  mileage  was  40M  miles. 

Operating  Costs  of  Motor  Truck  Delivering  Sand  and  Gravel  (Engineering 
and  Contracting,  March  21,  1917) — A  Pacific  Coast  sand  and  gravel  company 
is  using  a  5-ton  truck  for  delivering  sand  and  gravel.  The  material  is  nearly 
always  mixed  and  usually  is  quite  wet.  It  runs  4  yds.  to  the  load  and  3,400 
lbs.  to  the  yard,  and  is  hauled  over  country  roads  of  various  kinds,  about 
equally  divided  between  gravel  and  dirt.  There  are  many  hills,  some  of  them 
quite  steep,  necessitating  going  in  first  and  second  gears.  Most  oi  the 
trucldng  was  for  delivering  gravel  on  county  roads,  and  spreading  it  with 
the  attachment  on  the  truck.  The  operating  costs,  furnished  by  the  company 
for  a  5-months  period  are  given  in  Table  XVI. 

Tablb  XVI. — Opxratinq  Costs,  5-Ton  Truck,  4- Yard  Capacity 

Amount 
Article  used  jgal 

Distillate 1  655 

Gasoline 606 

Motor  oil 133 

Transmission  oil  249  * 

Sprocket  oil 144 

Cup  grease 100  * 

Tire  replacements  and   de- 
preciation   

Repairs  and  parts 

Wages 

Interest  C8  per  cent) 

Depreciation  (20  per  cent) 


•  Pounds,     t  Cts.  per  gal.     %  Cts.  lb. 


Miles 

per  gal. 

Av    cost 

Total 

Cost 

or  lb. 

article 

cost 

per  mile 

3.494 

II- 

$ 

182.05 

$0.0153 

3.494 

21  • 

121.20 

.023 

59.4 

31- 

41.23 

.  0052 

31.7 

5>^t 

13.48 

.0017 

55 

l\ 

10.8 

.0012 

79 

5.00 

.0006 

154.93 

.0196 

21.06 

.0026 



508. 75 
218.78 

.057 
.0276 

394. 66 

.05 

$1 

,671.22 

$0. 2038 

ft 
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Fob  the  Season 

Average  distance  of  delivery,  miles 6.1 

Cost  per  yard  mile $0. 1065 

Cost  per  ton  mile 0617 

Total  mileage 7 ,  900 

Yardtf  delivered 5, 190 

Weight  of  gravel,  1  yd.,  lb 3,400 

Yard  miles  hauled 15, 800 

Ton  miles  hauled." .     28,835 

The  truck  was  new  last  year.  The  driver  was  paid  for  an  extra  hour  each, 
day  the  truck  was  operated.  This  extra  time  he  put  in  screwing  down  the 
grease  cups  and  inspecting  parts  on  the  truck.  The  driver  was,  therefore, 
held  responsible  for  anything  happening  that  could  have  been  prevented  by 
his  inspection.  In  several  instances  he  discovered  that  there  was  a  loose  nut, 
missing  bolt,  cup  gone  or  something  of  minor  importance,  which  if  neglected 
might  cause  lost  time  and  more  or  less  expense.  These  things  were  immedi- 
ately attended  to  and  as  a  consequence  no  time  was  lost  on  account  of  truck 
trouble. 

Cost  of  Hauling  with  Motor  Trucks. — The  following  figures,  given  by 
J.  A.  Broad,  Luce  County  Engineer,  in  a  pax>er  presented  at  the  Michigan 
Road  School  (1919).  are  published  in  Engineering  and  Contracting,  April  2, 
1919. 

The  cost  of  hauling  with  motor  trucks  in  highway  work  in  1918  in  Luce 
County,  Michigan,  averaged  about  10  ct.  per  ton  mile.  Two  5-ton  White 
trucks  were  employed.  The  interest  on  the  truck  investment  was  taken  at 
6  per  cent  per  year  and  amounted  to  $288  for  each  truck.  There  was  no 
insurance. 

The  charges  for  Truck  No.  1  were  as  follows: 

Depreciation  100,000  miles  (truck  value  minus  tires) $     255. 16 

Total  wages  of  driver ^. .  .  .  319.  74 

GasoUne,  1,377  gal.  at  25  ct 344. 26 

Lubricating  oil,  117  gal.  at  56  ct 65.  52 

Hard  oil,  128.5  lb.  at  6  ct 7.  71 

Waste,  20  lb.  at  20  ct * 4. 00 

Tire  depreciation — 5,316  miles  at  3  ct 159. 48 

Repairs  and  renewals 160.00 

Total  operating  charges $1 ,  315.  86 

Fixed  charges  (interest) 288.00 

$1,603.86 

Average  haul  in  miles 6.  64 

No.  of  yds.  hauled 1. 868 

Total  number  of  yd.  miles  performed,  10,321 $0. 155  yd.  mile 

Total  number  of  ton  miles  performed,  15,481 0. 104  ton  mile 

The  charges  for  .Truck  No.  2  were: 

Depreciation  100,000  miles  (truck  value  minus  tires) $     237. 40 

Total  wages  paid  driver 297. 00 

GasoUne,  1,235  gal.  at  25  ct 308. 76 

Lubricating  oils,  117  gal.  at  65  ct 68. 88 

Hard  oils,  128.5  lb.  at  6  ct 4. 08 

Waste,  21.5  1b.  at  20  ct 4.30 

Tire  depreciation,  4,946  .miles  at  3  ct 148.  38 

Repairs  and  renewals 131.00 

Total  operating  charges $1 .  199.  79 

Fixed  charges  (interest) 288.00 

$1,487.79 

Average  haul  in  miles 6.  64 

Mo.  of  yards  hauled 1. 780 

Total  number  of  yd.  miles  performed,  9,861 $0. 161  yd.  mile 

Total  number  of  ton  miles  performed,  14,791 0. 101  ton  mile 
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ating  Costs  for  SH-Ton  Truek  (Engineering  and  Contracting,  Aug. 
\). — In  an  address  before  the  Detroit  Transportation  Association, 
kme  gave  the  following  figures  taken  from  the  cost  records  of  a  Detroit 
or  the  operation  of  a  3>^-ton  stake  body  truck: 

mOBNT 

$3,800.00 

350.00 

$4,150.00 
38  ($74.25  each,  7,000  miles  guaranteed) 445. 50 

$3,704.50 
are  based  upon  300  working  days  in  the  year 

UT  FIXED   CHABOES — 

on  $3,704.50  at  6  % $      222.27 

anoe — 

ct.  per  hundred 31 .  13 

1,  full  coverage  $152,  $50  deductible 102. 00 

r  (truckman) 135. 00 

se — 

er  horsepower  (4H  X  5M  -  32.4) 4.86 

15  ct.  per  100  lb.,  chassis  7,000  lb.,  body  1.800  lb.,  total 

lb 13.20 

ly 1 .  00 

,  on  70  %  of  $4,150  ($2.905) 87. 15 

$15  per  month 180. 00 

$5  per  day  (300  days) 1,500.00 

ear $2,276.61 

3  $2,276.61,  per  day  cost $7.58 

kTINQ   COSTS 

•  ct.  per  gal.,  six  miles  per  gal.)  per  mile $  0. 040 

Qts  (60  ct.  gal.,  150  miles  per  gal.)  per  mile .004 

,000  miles  set,  $445.50)  per  mile .064 

ation  ($3,704.50  on  100.000  miles)  per  mile .037 

ile $        0. 145 

lauling  ($300  per  year)  per  day 1. 00 

per  day  at  .145 8.70 

daily  cost $       17 .  28 

>n  mile  cost $        0 .  288 

1  be  noted  that  the  above  figures  contain  no  allowance  for  the  "cost 
\  business."  which  includes  general  expenses,  accidents,  bad  accounts, 
5  meet  these  charges  this  owner  charges  up  $1  a  day  per  truck  which  he 
out  meets  the  figures.  He  also  has  a  general  sinking  fund  of  10  per 
the  daily  gross  receipts  of  each  truck  to  take  care  of  this  matter. 
>inic  Motor  Trucking  over  very  Bad  Roads  (Engineering  and  Contract- 
5.  20.  1916). — The  Haskins  Dolomite  Co.,  of  San  Francisco,  operates  a 
'Tiite  truck  with  a  Troy  trailer  from  their  dolomite  quarry  to  the 
a  distance  of  10.5  miles,  and  the  truck  makes  four  round  trips  every 
working  two  shifts.  The  road  is  one  of  the  worst  of  mountain  roads, 
liuck  holes,  covered  with  dust  often  6  ins.  deep,  with  grades  up  to  10 
;,  one  of  which  (10  per  cent)  is  1.5  miles  long.  The  truck  requires 
of  gasoline  and  4  gals,  of  oil  for  the  day's  work  of  84  miles.  The 
erating  expense  is  about  $30,  which  is  equivalent  to  7  ct.  per  ton-mile, 
B  of  interest  and  depreciation,  but  inclusive  of  tire  renewals  and 
repairs. 

rs  for  Use  with  Contractors'  Motor  Trucks. — According  to  Engineer- 
Contracting,  Dec.  3,  1913,  extensive  exi)eriments,  made  by  the  Troy 


172  HANDBOOK  OF  CONSTRUCTION  COST 

Wftgon  Worlta  Co.  In  studying  the  problem  of  tbe  ability  ol  motor  tTuda 
to  pull  one  or  more  tndlers,  show  that  the  ftverage  truck  loaded  to  Ita  ntti 

capacity,  in  addition  to  carrylDK  Ita  rated  load,  derelaps  a  drawbar  puH 
equal  to  about  oae-biUf  ot  Its  lated  load.  A  team  at  boreee  will  develop  a 
mailmum  sustained  drawbar  pull  equal  to  about  one-fourth  of  their  weight. 
It  waa  estimated  from  the  teeta  that  the  drawbar  pull  required  to  move  a  ton 
of  material  varies  from  50  lbs.  oQ  a  brtrk  street  to  150  Iba,  00  a  hard  aurfaoed 
country  road,  no  gradea  ot  coneequence  cooBldered.  Further  variations  are 
in  proportion  to  grades,  road  conditions,  etc.    On  average  roads  with  averaga 


grades  the  drawbar  pull  required  la  about  250  lbs.  per  ton  ot  live  toad  moved 
on  a  properly  conatrucled  vehicle.  This  waa  another  concluaion  drawn  from 
the  testa.  On  this  basis  an  average  3-ton  trucic  will  pull  10  tona  live  load  In 
addition  to  the  rated  load  on  the  truck  proper,  in  other  words  tbe  drawbar 
pull  of  the  average  3- ton  truck  eqiiala  that  of  three  3.000-pound  teams. 

Fig,  10  shows  "draft  per  ton  curves  for  various  road  conditions"  from  actual 
teata.  In  order  to  take  care  of  possible  conditions  not  obtained  in  the  actual 
tests,  the  per  ton  drawbar  pull  given  In  tbe  paragraph  above  la  placed  ooa- 
^derably  in  eiceae  ot  that  shown  by  the  tests. 

The  Troy  Wagon  Works  Co.  decided  from  the  results  ot  their  teste  that  an 
average  motor  truck  could  develop  the  tractive  power  necossaty  to  pull  one 
or  more  loaded  trailers.  In  the  testa,  in  order  to  keep  the  motor  truck  tnm 
being  delayed  fhe  trailer  plant  was  three  times  the  number  b^og  pulled. 
H  of  ILe  plant  at  the  loading  point,  H  in  transit  and  M  being  uiiIo*d«d. 


Tablia  XTU  thowB  tbe  Temdts  ta  actual  MaM  in  toiu  delivered,  c 
tauDiS  wim  motor  alone,  with  motor  hauling  one  trBller  ajid  motor  bauUUK 
two  trsliera.  In  conitectfon  with  Fig.  II,  Table  XVIII  IndlFatca  ton-mllo 
Eoot  tor  Torloua  outfits  MKl  «howB  coDBlderable  economy  by  tba  uae  c<  ttallwa. 


for   vBrioiu    outEta. 
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Distributioii  of  Average  Operating  Costs  of  Gasoline  Trucks. — ^Table 
XIX,  given  by  Ralph  W.  Home  in  Engineering  News-Record,  Sept.  20,  1017, 
is  prepared  from  data  collected  on  the  cost  of  motor-truck  operation  coverliig 
periods  of  from  one  to  several  years,  and  it  is  believed  that  all  factois  which 
might  be  affected  by  seasonal  variations  are  properly  averaged. 

Table  XIX. — Operating  Costs  of  Motor  Trucks 

Capacity  of  truck,  tons 2           3  3>^  4           5  7 

Average  load  carried,  tons 2           3.3  3.8  4.15       5.2  6.5 

Total  operating  cost,  cents  per  ton-mile  21.5  19.0  18.1  17.8  16.5  15.0 

Per  cent  of  total  cost  per  ton-mile  of 

cost  of: 

1  Gasoline,  25  ct.  per  gal 13.6  15.2  17.3  19.7  18.6  17.0 

2  Lubricants 4.7       4.2  2.0  1.4       2.2  2.2 

3Tire8 18.0  14.8  13.5  10.8  16.7  20.2 

4  Repairs  and  sundries 9.1       9.4     10.0     10.5     11.0     11.1 

5  Depreciation — 5.5  %  per  annum 23.5     22.0     20.5     21.0    20.0     20.0 

OChauffeur 18.1     20.6     24.0     21.7     17.3     15.4 

7  License,  insurance  and  taxes 4.3       4.4       4.6       5.4       5.0       4.8 

8  Storage,  $20  per  mo 5.2       4.8       3.0      3.6       3.7       4.0 

9  Interest  (at  5>^  %  per  annum) 3.5       4.6       5.1       5.0       5.5       5.3 

In  the  table  the  items  may  be  grouped  into  two  classes.  The  first  dani- 
fication  contains  items  1,  2,  3,  4  and  5,  which  are  found  to  be  more  or  less 
constant  regardless  of  the  total  ton-mileage;  while  items  6,  7,  8  and  0  are  seen 
to  fall  under  the  second  class,  wherein  all  items  decrease  directly  as  the  total 
ton-mileage  increases,  so  that  it  is  very  desirable  that  as  large  a  total  as 
possible  should  be  accomplished  in  a  given  period  of  time.  With  these 
figures  it  is  possible  to  study  the  relation  which  each  of  the  individual  items 
bears  to  the  whole  if  the  total  cost  per  ton-mile  is  obtained. 

Five  Mechanics  Keep  25 -Truck  Fleet  in  Good  Condition. — ^AccorcUng  to 
Engineering  and  Contracting,  Sept.  4,  1918,  the  Knutsen  Motor  Trucking 
Co.  of  Cleveland,  O.,  operating  25  trucks,  of  which  10  or  more  are  continually 
used  on  the  40-mile  haul  between  Cleveland  and  Akron,  employs  five  mechaii- 
ics  to  keep  the  fleet  in  good  mechanical  condition.  One  of  these  men  is  an 
expert  capable  of  supervising  all  kinds  of  truck  repair  work,  while  the  other 
four  men  are  less  skilled.  The  expert  and  three  of  the  men  work  at  the 
Cleveland  rei)air  shop  and  warehouse  during  the  day.  The  other  man  is 
kept  on  duty  at  night  to  fix  any  emergency  troubles  that  might  arise,  as  the 
company  operates  a  night  service  between  Cleveland  and  Akron  during  the 
summer. 

Cost  of  hauling  stone  with  a  22 -h.  p.  traction  engine  and  stone  spreading 
cars  is  given  by  John  F.  Hammond  in  Engineering  and  Contracting,  March 
27.  1912. 

In  building  the  Gatchellville  Road,  York  County,  Pa.,  14,000  tons  of  2-in. 
stone  were  required.  Because  of  grades,  team  hauling  was  exceedingly  expen- 
sive and  slow,  as  a  team  of  average  weight  usually  found  among  the  farmen 
could  not  move  over  two  tons  per  day,  for  a  wage  of  $3.50  or  $1.76  per  ton. 
An  expert  from  a  prominent  traction  engine  company,  who  was  called  in  and 
driven  over  the  route,  expressed  himself  as  very  doubtful  if  we  could  succeed 
with  a  traction  engine,  as  the  grades  on  the  pitches  of  some  of  the  hills  were  30 
per  cent,  and  the  traction  surface  was  of  a  soapy  clay  nature.  He  advised  us  to 
begin  our  work  at  the  southerly  end  beyond  New  Park  and  work  over  the 
finished  road  with  the  traction  outfit;  this  course  was  finally  adopted.  The 
grades  of  the  finished  road  were  approximately  7  per  cent  on  some  of  the  hUbi 
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for  a  OGOslderable  distance.  The  records  on  which  this  article  is  based  were 
started  on  Aug.  1,  1910,  after  2  miles,  one-half  of  the  road,  had  been  built, 
and  continued  up  to  Nov.  14,  1910,  when  the  road  was  completed.  These 
records  were  kept  as  a  means  of  information  and  to  promote  efficiency  by  com- 
pelling daily  report  of  the  materials  used,  wages  paid  and  work  done.  The 
card  report  was  made  as  simple  as  possible  so  that  no  excuse  could  be  offered 
for  not  using  it.  No  writing  was  required  of  the  men,  only  figures.  The  use 
of  the  cards  produced  immediate  reform  on  the  work  and  very  largely  in- 
creased the  output  of  the  plant.  All  repairs  and  renewals  of  parts  for  engine 
and  cars  were  made  on  holidays  or  at  night. 

From  the  constant  passage  of  the  engine  and  heavily  loaded  cars  over  the 
road,  its  surface  became  about  as  hard  as  solid  rock,  and  the  continued 
dry  weather  made  a  deep  dust,  composed  of  too  abundantly  used  screenings 
required  by  the  specifications,  gave  us  much  annoyance,  making  the  engine 
look  like  a  heap  of  junk,  the  crew  like  n^roes,  and  causing  the  repairs  to  be 
excessive;  as  nuts,  bolts  and  the  parts  held  in  place  by  them  would  be  loosened 
in  an  incredibly  short  space  of  time,  and  the  gears  would  be  like  grindstones 
from  the  grit  deposited  on  them. 

It  is  necessary  in  operating  an  outfit  af  this  kind,  to  maintain  a  supply  of 
the  extra  parts  that  are  most  likely  to  be  broken;  and  it  is  advisable  to  have  on 
hand  even  some  of  the  larger  castings,  as  a  break,  when  you  are  working  some 
distance  from  the  factory,  may  result  in  a  delay  of  several  days  and  completely 
tie  up  a  piece  of  work  which  is  dependent  on  the  stone  hauled  by  the  engine. 
We  maintained  a  storehouse  for  oils,  waste  and  odd  parts;  also  a  portable 
forge,  bench,  vice,  jacks,  and  other  tools  ready  to  take  to  the  side  of  the 
engine  in  case  of  necessity;  by  these  precautions  we  did  not  lose  one  workable 
day  between  Aug.  1  and  Nov.  14,  1910.  Another  important  consideration  is 
the  water  supply  which  must  be  not  only  pure  but  readily  accessible  and  quickly 
gotten  from  the  supply  into  the  engine  tanks.  We  pumped  directly  from  a 
barrel  sunken  in  the  bed  of  a  brook  into  a  large  tank  placed  on  the  road  side, 
high  enough  to  fill  the  engine  tanks  by  gravity ;  but  made  the  mistake  of  not 
having  our  outlet  from  the  large  tank  of  sufficient  size  to  fill  our  engine  tanks 
as  quickly  as  we  might  have  done,  and  delays  occured  at  the  tank  that  were 
needless  and  anoying.  Water  was  pumped  into  the  supply  tank  by  a  small 
one-cylinder  gasoline  pump  which  operated  very  cheaply,  and  only  required 
the  services  of  the  engine  driver  to  start  and  stop  it  as  he  passed  on  his  trips. 
The  wages  paid  to  the  engine  crew  was;  Engineer,  $3.50  per  day;  fireman, 
$1.75  per  day,  steady  time  for  ten  hours  daily;  overtime  at  same  hourly  rate. 
The  fireman  operated  the  stone  spreadnig  cars,  making  the  spread  of  even 
thickness,  which  requires  considerable  experience  and  should  be  closely 
watched  by  the  overseer  as  the  tendency  is  to  spread  too  deeply,  and  super- 
fluous stone  would  have  to  be  removed  at  an  extra  expense.  Supervision 
in  our  case  was  figured  at  one-third  of  the  superintendent's  time,  or  $2.28  per 
day  with  no  extra  time  allowance.  Interest  and  depreciation  are  figured 
on  the  new  value  of  the  machinery — $5,050  on  June  1,  1909,  and  on  an  esti- 
mated life  of  four  years,  or  25  per  cent  depreciation  per  year,  with  an  interest 
charge  on  the  capital  invested  of  5  per  cent.  The  sum  of  the  interest  and 
depreciation,  however,  are  figured  for  the  whole  year  and  divided  into  the 
days  that  we  actually  worked.  This  is  hardly  fair  to  the  machine,  as  it  might 
have  done  more  days'  work  and  thus  reduced  this  item.  The  life  of  the 
machine  is  also  very  conservative,  and  probably  should  be  eight  to  twelve 
years  instead  of  four  years. 
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The  following  tabulations  show  our  conclusions  and  we  think  may  be  con- 
sidered quite  accurate.  I  have  not  thought  it  necessary  to  make  an  analysis 
of  the  repair  account,  which  consisted  of  castings,  bolts,  nuts,  valves,  pipe 
elbows,  engineer's  and  fireman's  time  and  many  small  items: 

Total  Oost  of  Operation — 93  days. 

Operating $     945.67 

Repairs 310. 17 

Depreciation  and  interest 686. 16 

Supervision 239.40 

Total $2,181.39 

Analysis  of  Operating  Account. 

4.70  tons  coal  at  $4.60 $      21 .  16 

3.49  tons  coal  at  $5 17.45 

913.4  tons  coal  at  $3.26 297.77 

Water 66.27 

67  gal.  cylinder  oil  at  30  cts 20. 10 

30H  gals,  black  oil  at  9 H  cts 2. 94 

333M  U)8.  grease  at  5M  cts 18.77 

71  lbs.  of  waste  at  7H  cts 6.35 

Engineer's  wages  on  operation 330.41 

Fireman's  wages  on  operation 164.83 

3H  gals,  kerosene  at  10  cts .35 

1  can  of  tar  at  28  cts .28 

Total $    946.67 

Daily  Expense. 

Supervision  wages $  2. 28 

Engineer's  wages 3. 60 

Fireman's  wages 1 .75 

Coal 3.55 

CyUnder  oU .21 

Black  oil  (gears) .03 

Grease  (cups  and  gears) .20 

Kerosene .003 

Tar .002 

Waste .06 

Depreciation 6. 417 

Interest 0.961 

Repairs 3.33 

Total $22,293 

Tonnage  Hauled. 

August  1,  1910 1,681 

Sept.  1,  1910 1.526 

Oct.  1,  1910 1. 176 

Nov.  14,  1910 284 

Total  tons 4 ,666 

Cost  Per  Ton  Hauled. 

Operation              945.67 $  0.202 

4,666 

Repair                    310.17 0.066 

4,666 

Depreciation          596.78 0. 128 

4,666 

Interest                    89.37  0.017 

4,666 

Supervision            239.40 0.061 

4,666  _• 

Total $0,464  or  6.4  cts.  per  ton  mile. 

Extreme  haul,  9.44  milos.     Start,  5.00  miles. 

Average  length  of  haul.  7.22  miles  round  trip.     2.24  trips  daily;  209  trips,  or 
1 ,508.98  miles  in  93  days. 
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Costs  of  Indostrial  Railway  in  Road  Builifing. — The  foUowing  matter, 
given  by  R.  P.  Mason  in  a  paper  presented  before  the  Road  School  of  the 
University  of  Michigan  (March  1919),  is  published  in  Engineering  and  Con- 
tracting, March  5,  1919. 

The  conditions  necessary  for  the  successful  operation  of  an  industrial  rail- 
way in  highway  construction  are  as  follows: 

First  fairly  level  country.  We  haul  30  car  trains  over  grades  up  to  3  per 
cent  and  have  worked  over  a  1,000-ft.  hill  of  5.1  per  cent  by  cutting  the  train 
in  three  parts  at  the  foot;  in  other  cases  we  have  used  a  roller  to  tow  up,  but 
many  such  hills  would  make  it  out  of  the  question.  If  the  hills  were  not  too 
frequent  other  power  could  be  provided. 

Second,  sufficient  and  continuous  supply  of  material.  As  such  an  outfit 
will  handle  a  large  daily  volume  (at  8  trips  per  day  300  yd.)  and  as  it  requires 
a  considerable  crew  to  keep  the  work  moving,  it  will  not  pay  if  there  is  much 
delay  in  the  delivery  of  road  material,  or  if  the  loading  facilities  are  inade- 
quate. I  am  considering  the  question  of  stock  piling  some  matreial  in  order 
to  keep  going  when  deliveries  are  delayed,  but  this  presents  the  further  prob- 
lem of  loading  from  the  stock  pile.  Our  loader  could  not  be  utilized 
and  another  rig  would  have  to  be  provided. 

Third,  a  considerable  mileage  to  be  constructed  from  one  set-up  to  avoid 
the  expense  of  numerous  moves.  We  figure  on  at  least  8  miles  at  one  set-up 
4  miles  each  way.  If  the  road  is  continuous  and  the  move  is  only  from  the 
end  of  a  completed  section  to  a  point  4  miles  beyond,  the  moving  cost  will  be 
a  completed  section  to  a  point  4  miles  beyond,  the  moving  cost  will  be  a 
minimum,  but  if  the  outfit  has  to  be  moved  to  a  distance,  the  cost  is  heavy. 
Our  maximum  haul  so  far  has  been  4  miles  as  we  have  been  fortunate  in  having 
our  work  along  the  railroad  with  frequent  stations.  Our  outfit  consists  of 
a  30-HP.  locomotive  with  underslung  tank,  60  l>4-yd.  side  dump  steel  cars,  1 
tracklaying  car,  1  hand  car  and  4  miles  of  24-in.  gage  portable  track  with 
curves  and  switches.  The  track  is  30-ft.  rail  made  up  in  15-ft.  sections  with 
7  steel  ties  to  the  section. 

The  outfit  cost  about  $16,000.  We  depreciate  10  per  cent  on  all  the 
machinery,  but  only  5  per  cent  on  the  track  as,  at  the  end  of  10  years  the  sal- 
vage value  will  be  at  least  half  the  first  cost.  It  is  also  evident  that  there  will 
be  considerable  value  in  the  rest  of  the  outfit  at  the  end  of  the  10-year  period. 
It  is  now  5  years  old  and  practically  as  good  as  new. 

Tracklaying  is  one  of  the  large  items  in  operating  and  this  will  vary  consider- 
ably according  to  the  character  of  the  soil.  In  swamp  sections  where  the 
shoulders  have  not  much  stability  it  is  necessary  to  shim  up  frequently  to  keep 
the  track  in  safe  condition,  but  on  a  firm  soil  such  as  sand  or  gravel,  it  does 
not  need  much  attention  after  laying.  Our  cost  has  varied  from  $100  to  $150 
per  mile,  with  an  average  of  about  $132. 

When  the  outfit  is  also  used  for  grading  it  cuts  the  tracklaying  cost  as  the 
track  is  then  in  position  for  the  stone  work.  During  a  move  and  while  the 
macadam  work  is  on  the  short  haul,  some  of  the  cars  and  track  can  be  spared 
for  grading  without  delaying  the  other  work,  using  a  team  to  haul  the  train. 
Especially  in  soft  sections  it  is  very  useful  and  in  heavy  cuts,  working  with  a 
small  shovel  it  shows  great  economy.  The  fact  that  the  outfit  has  to  be  there 
anyway  should  be  considered  as  it  involves  no  transportation  to  and  from 
the  job. 

Hauling  30  car  trains  and  loading  one  while  the  other  is  making  a  trip, 
should  admit  of  an  average  of  10  trips  per  day  on  a  haul  up  to  4  miles — 2 
12 
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miles  average  haul — and  we  have  made  this  at  times,  but  various  delays, 
principally  in  the  delivery  of  stone,  have  combined  to  cut  the  average  down 
to  8  trips.  I  think  the  train  should  average  6  trips  on  a  haul  up  to  8  miles 
as  the  delays  in  unloading  and  at  the  loader  would  be  less  and  it  would  only 
mean  an  average  of  48  miles  per  day  actual  running.  At  this  rate,  hauling  47 
tons  per  trip  would  equal  282  tons  per  day.  Speed  of  train  is  8  to  10  miles 
per  hour  and  time  of  unloading  10  to  15  minutes.  Time  of  loading  is  about  H 
hour,  but  of  course  this  does  not  delay  the  train.  At  times  when  our  stone 
supply  was  sufficient  we  have  averaged  over  400  yd.  per  day,  or  at  the 
rate  of  a  mile  of  road  built  in  6  days. 

The  following  costs  are  an  average  of  3  years,  1914,  1915  and  1916,  and 
cover  about  20  miles  of  16-ft.  macadam  construction: 

Per  cu.  yd. 

Tracklaying $0. 065 

Engineer .  025 

Brakeman .  013 

Watchman .  010 

Fuel 010 

Oil,  grease  and  wai^^e .  002 

Repairs .  015 

Moving .025 

Total  operating $0. 156 

Depreciation .  056 

Interest .  035 

Total  hauling SO. 245 

Cost  per  yard  mile $0. 1225 

Coat  per  ton  mile $0. 098 

Delivering  the  stone  on  the  road  as  above  affords  an  opportunity  of  keeping 
the  other  construction  costs  at  a  minimum.  Loading  with  an  elevator  is 
about  the  cheapest  method  and  spreading  the  stone  with  a  road  machine  is 
cheaper  than  by  hand  and  planes  the  road  at  the  same  time,  avoiding  minor 
inequalities  which  so  often  occur.  Rollers  and  sprinklers  are  kept  up  to  their 
full  capacity. 

The  other  costs  of  the  macadam  construction  follow: 

Per  cu.  yd. 

Loading $0. 070 

Spreading .  160 

Sprinkling .065 

RoUing .021 

$0,505 
Hauling  as  above .  245 

Total $0,750 

Portable  Railways  for   Hauling  Materials  for  Road  Construction.  —  The 
following  information  concerning  the  method  and  cost  of  operating  a  portable 
railway  on  road  construction  near  Lockport,  N.  Y.  is  given  by  Orenstein-. 
Arthur  Koppel  Co.,  in  Engineering  and  Contracting,  March  14,  1914. 

The  equipment  consisted  of  about  four  miles  of  narrow-gage  portable  track, 
40  36  X  24-in.  dump  cars  and  two  5- ton  dinky  locomotives.  The  cars  were 
hauled  in  trains  of  12  cars  each,  the  arrangement  being  so  made  that  there 
was  always  one  train  of  loaded  cars  on  the  way  to  the  site  of  the  work,  one 
train  of  empties  returning  for  material  and  one  train  of  cars  being  loaded. 
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The  care  were  loaded  from  over-head  bins  at  the  crusher  and  the  average 
amount  transported  was  80  cu.  yds.  per  day. 

Item —  Per 

Materials:  Amount  cu.  yd. 

Fud  and  <al  for  locomotives  and  cars $8. 00  SO.  100 

Labor: 

2  en«ineers  at  S2.75 5.50  0.060 

2  brakemen  at  $1.75. 3.50  0.044 

1  track  foreman  at  $3 3.00  0. 037 

1  track  laborer  at  $1.75 1.75  0.022 

Totals $21.75  $0,272 

As  the  material  was  hauled  three  miles  the  unit  cost  was  0  cts.  per  cubic 
yard  per  mile.  The  average  cost  of  grading  the  shoulder  or  berm  of  the 
road  ready  for  track  laying  and  laying  track  was  between  2  and  3  cts.  per 
foot  of  track. 


CHAPTER  IV 
EXCAVATION  ECONOMICS 

The  matter  included  in  this  chapter  deals  with  the  economics  of  excavation 
and  does  not  give  costs  for  particular  kinds  of  worlc.  As  most  construction 
work  requires  excavation  at  some  stage,  by  referring  to  the  index,  under 
excavation,  itemized  costs  of  many  different  kinds  of  work  may  be  found. 

For  further  data,  on  cost  of  excavation,  the  reader  is  referred  to  Gillette's 
"Earthwork  and  Its  Cost,"  Handbook  of  Rock  Excavation"  and  "Handbook 
of  Clearing  and  Grubbing." 

Rating  Table  for  Bzcavation  with  Pick  and  Shovel. — ^L.  K.  Sherman  gives 
the  following  data  in  Engineering  and  Contracting,  May  27,  1914. 

The  accompanying  diagram  and  tables  represent  the  amount  of  excavation 
of  various  materials  which  will  be  performed  in  a  ten-hour  day  by  the  average 
laborer  working  under  good  supervision.  In  making  this  compilation  the 
writer  has  compared  a  large  number  of  data  from  many  sources  with  figures 
obtained  in  his  own  experience  on  construction.  As  might  be  expected  there 
is  wide  divergence  in  such  published  data. 

The  curv^es  in  the  diagram  based  on  a  rational  relation  of  one  class  of 
material  to  another  as  regards  the  amount  of  work  or  power  required  in  pick- 
ing or  shovel  cutting  and  the  power  required  in  casting  up  materials  of  differ- 
ent weights.  The  output  of  excavation  is  proportional  to  the  amount  of  power 
or  work  required  to  move  a  cubic  yard  of  the  material.  Let  the  amount  of 
work  or  power  to  cut  into  and  fill  the  shovel  with  sand  be  called  unity.  Then 
for  other  materials  the  relative  power  to  cut  out  and  place  on  the  shovel  will 
from  experience  be  as  in  Table  I. 

Table  I. — Power  to  Pick,  Loosen  and  Cut  onto  Shovel 

Sand P  -  1.0 

Gravel,  loose P=1.5 

Earth,  medium P««2.0 

Clay,  Hght P  »  3.0 

Clay,  dry,  hard P  =  4.6 

Clay,  wet,  heavy .  P  =6.0 

Hard  pan P  =  6.0 

The  work  or  power  to  lift  or  cast  up  the  material  after  the  shovel  is  filled  is 

proportional  to  the  weight  of  material  and  height  cost  or  which  is  the  same,  the 

depth  of  cut.    Then  if  fF  is  the  weight,  the  relative  power  to  cast  up  material 

to  different  heights  H  will  be  as  follows: 

Sand W  H  where  W  =  t.  0 

Gravel W  H  where  W  »  1  0 

Earth,  mediurt W  H  where  W  »  0.8 

Clay,  light W  H  where  W  =  1. 1 

Clay,  dry W  H  where  W  =  1 . 1 

Clay,  wet W  H  where  W  «  1 . 3 

Hard  pan W  H  where  W  -  1 .  12 

The  total  power  to  shovel  and  cast  any  material  is  P  +  WH.    The  output 

is  inversely  proportional  to  the  power  or  work  required.     The  output  of  any 

material  by  hand  excavation  in  cubic  yards  per  man  per  10  hours  is 

30 

Cubic  yards  = 

P  4-  .3  WH 
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The  constants  30  and  .3  are  empirical  and  like  the  relative  values  of  P  have 
been  selected  to  correspond  with  the  best  data  available  on  excavation  of 
various  materials  at  different  depths  of  cut. 

The  curves  in  the  diagram  Fig.  1  are  platted  according  to  the  above  formula 
with  coefficients  P  and  W  as  previously  noted .  The  letters  represent  observa- 
tions from  various  published  statements  and  are  not  equally  reliable  or  compar- 
able. The  curves  do  not  attempt  to  average  the  data  but  correspond  with  the 
writer's  experience  and  some  of  the  most  definite  of  the  published  data.  Table 
II  shows  the  number  of  cubic  yards  an  average  laborer  should  excavate  and 
cast  out,  at  various  depths  in  ten  hours  while  working  at  the  depths  stated. 
Table  III  shows  the  average  number  of  cubic  yards  per  10-hour  day  than  an 
average  laborer  should  excavate  working  from  the  surface  to  the  depth  stated. 
This  figure  for  the  same  material  is  naturally  somewhat  greater  than  given  in 
Table  II.  These  figures  may  be  increased  by  30  per  cent  for  rapid  workers 
and  may  be  decreased  30  per  cent  for  inefiicient  workmen.  The  foregoing 
material  may  be  now  definitely  classified  as  follows: 

Sand. — Weight,  3,000  lbs.  per  cubic  yard  slightly  damp.  In  natural  bed. 
Not  over  15  per  cent  clay. 

Gravel. — Weight,  3,000  lbs.  per  cubic  yard.    Loose,  as  excavated  material. 

Earth. — Weight,  2,400  lbs.  per  cubic  yard.  Slightly  damp,  in  natural 
bed,  easily  plowed,  little  or  no  pick  work  required.  Would  require  some  sheet- 
ing in  trenches  over  6  ft.  deep. 

Clay  (light). — Weight,  3,300  lbs.  per  cubic  yard.  Slightly  damp,  easily 
plowed.  Not  stiff  or  very  cohesive,  corresponds  to  yellow  clay  lying  below  the 
black  soil  and  above  the  blue  clay  in  vicinity  of  Chicago.  Would  require 
some  sheeting  in  trenches  over  6  ft.  deep.    Little  pick  work  required. 

Clay  {dry,  hard). — Weight,  3,300  lbs.  per  cubic  yard.  Requires  pick  work 
equal  to  one-third  time  spent  in  shoveling  and  casting.  No  sheeting  required 
at  any  depth.  Corresponds  to  material  on  top  of  ravines  along  the  lake  shore 
in  Lake  County,  111.     Hard  plowing.    Abode  in  this  class. 

Clay  (wet). — Weight,  3,900  lbs.  per  cubic  yard.  Tough  and  cohesive,  has 
to  be  cut  out  in  pieces.  Slightly  sticky,  would  require  substantial  sheeting. 
Corresponds  to  the  underlying  "blue  clay"  of  Chicago.     Gumbo  in  this  class. 

Hard  Pan. — Weight,  3,360  lbs.  per  cubic  yard.  Requires  picking  equal 
to  one-half  the  time  spent  in  shoveling  and  casting. 

The  use  of  the  relative  coefficient  P  is  suggested  as  a  simple  and  definite 
means  of  describing  or  designating  any  class  of  earth  excavation. 

The  jog  in  the  curves  (Fig.  1)  at  depth  of  9  ft.  represents  an  allowance  of 
P  »>  1  on  account  of  extra  labor  of  shovel  cutting  done  to  recasting  from  a 
platform.  As  a  matter  of  fact  no  recasting  may  be  done  at  the  9  ft.  depth  or 
even  14  ft.  depth  but  the  output  per  man  will  not  be  increased  over  the  quan- 
tity shown  by  the  diagram. 


Tablb  II. — Cubic  Yabds  Per  Man  Per  10  Hours  at  Stated  Depths 

0  ft.  to  3  ft.  to  5  ft.  to  8  ft.  to  10  ft.  to 

3  ft.  5  ft.  8  ft.  10  ft.  15  ft. 

Sand 21.2  14.5  10.7  8.5  5.2 

Gravel,  looBc 15.4  11.8  9.2  7.7  4.9 

Earth 12.8  10.5  9.0  7.5  4.9 

lightclay 8.9  7.3  6.0  5.2  3.8 

Dry  clay 6.4  5.3  4.7  4.1  3.2 

Wetday 5.4  4.7  4.2  3.5  2.7 

Hardpan 4.6  4.2  3.7  3.3  2.7 
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TaSLB  111.— AV»BAQII  EjICAVlTtON  IN  Cdbic  Yabds  Pbb  10  HOHBB  1 
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The  recorded  data  platted  on  Fig.  1  are  designated  by  a  letter  for  the  class 
of  material.  The  number  following  the  letter  refers  to  the  source  from  which 
the  data  were  obtained,  as  follows:  (Ij  American  Engineers'  pocket  Book; 
(2)  Cost  Data,  Gillette;  (3)  Earth  Work  Cost,  GiUette;  (4)  L.  K.  Sherman; 
(5>  Windette.  Journal  West.  Soc.  Engrs.;  (6)  Concrete  Costs,  Taylor  & 
Thompson;  (7)  Orrock;  (8)  Prelini;  (9)  Engineering  and  Contracting  (Decem- 
ber, 1908),  Atlantic,  Iowa,  Sewers,  M.  A.  Hall;  Centerville,  la..  Sewers,  M. 
A.  Hall;  (10)  Engineering  and  Contracting;  (11)  Engineering  and  Contracting. 

Application  of  Efficiency  Engineering  to  Shoveling. — The  following  abstract 
of  a  paper,  presented  before  the  Feb.  1919  meeting  of  the  A.  I.  M.  E.  at  New 
York,  by  G.  Townsend  Harley  is  given  m  Engineering  and  Contracting.  June 
18.  1919 

At  the  mines  of  the  Phelps  Dodge  Corporation  at  Tyrone,  N.  Mex.,  the  cast 
of  shoveling  in  all  stopes  during  1917  amounted  to  24  ct.  per  ton.  In  the 
top-slice  stopes  for  the  same  period  shoveling  cost  27  ct.  per  ton,  or  16  per  cent 
of  the  total  cost  of  these  stopes.  The  average  wage  per  laborer  shift  was  $2.67 
during  the  year  under  review.  The  tonnage  for  shovelers  from  all  stoping 
was  9.3  tons  per  man,  and  for  top-slicing  8.2  tons  per  man  per  day.  These 
stopes  were  not  unduly  hot,  and  there  was  not  more  than  the  usual  amount  of 
timber  to  interfere  with  the  woik  of  the  men.  The  tonnages  obtained  per 
shoveler  were  considered  low;  first,  because  of  a  poor  grade  of  Mexican  labor, 
many  of  the  men  having  come  in  from  railroad-grading  camps;  and,  second, 
because  of  a  poor  spacing  of  raises,  especially  in  the  top-slice  stopes,  where, 
in  general,  they  were  spaced  25  ft.  by  66  ft.  centers. 

Prelifninary  Steps  far  Determining  Shoveling  Efficiency. — As  a  first  step 
toward  determining  how  the  general  efficiency  of  underground  shoveling  «ould 
be  Improved,  several  weeks  were  spent  in  a  general  survey  of  the  field  and 
making  time  studies  on  various  men,  to  see  what  points  would  need  to  be 
determined  for  a  full  consideration  of  the  subject.  The  following  factors  were 
soon  recognized:  The  type,  weight,  size,  and  design  of  shovel  giving  the  great- 
est shift  tonnage  without  too  much  wear  and  tear  on  the  man  would  have  to 
bedetermined ;  a  standard  of  comparison  would  be  necessary  if  the  ill  eflfects 
of  mine  air,  powder  gas  and  smoke,  temperature,  humidity  and  poor  light  were 
to  be  estimated,  and  the  layout  and  spacing  of  chutes  would  have  to  be  studied 
with  regard  to  their  effect  on  shoveling  directly  into  the  chutes,  or  loading  into 
wheelbarrows  or  cars  and  tramming  to  them.  This  latter  work  would  deter- 
mine the  proper  distance  at  which  shoveling  into  a  chute  should  cease  and 
loading  into  a  wheelbarrow  or  car  would  begin,  and  the  information  would 
also  be  of  great  value  in  planning  the  development  of  a  stope.  Further  con- 
siderations were:  Hindrances  to  work,  such  as  timber  standing  in  line  of 
throw  or  clos^y  spaced,  and  men  and  supplies  passing  back  and  forth  through 
working  space;  manner  of  placing  the  shovelers  to  obtain  maximum  results 
from  them,  number  <rf  men  in  one  working  place,  and  size  of  working  place 
required  per  man;  the  hours  of  actual  work  and  the  cause  and  amount  of  delays; 
capacity  of  a  man  for  work  as  the  day  progresses;  proper  rast  i)eriodri  for  men 
to  maintain  maximum  efficiency;  best  means  for  instructing  men  and  super- 
vising work,  and  compensation  received  and  manner  of  payment. 

Three  types  of  shovels  were  in  general  use  at  the  mines:  A  No.  2  scoop,  a 
No.  2  or  No.  3  square-point  D-handle  shovel,  and  a  No.  2  round-point  long- 
handle  shovel.  In  determining  the  average  load  that  the  various  types  and 
rizes  of  shovels  would  handle,  so  as  to  be  able  to  decide  the  best  load  for  the 
avera^  Mexican  laborer  of  the  Southwest,  average  capacities  were  obtained 
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by  repeatedly  shoveling  a  weighted  pile  of  ore  with  each  of  the  shovels  and 
counting  the  number  of  shovel  loads  required  to  move  it.  It  was  determined 
that  with  Burro  Mountain  ore  a  specially  made  shovel  with  a  10  by  13-in. 
blade  would  hold  a  21-lb.  load,  or  363  cu.  in.  In  practice,  however,  a  No.  4 
square-point  shovel  holding  373  cu.  in.  and  a  No.  5  round-point  shovel  holding 
340  cu.  in.  were  used. 

A  time-study  sheet  was  developed,  which  was  used  for  all  tests.  In  addition 
to  the  data  placed  on  this  sheet,  an  extensive  log  of  the  work  was  carried  on, 
which  undertook  to  explain,  in  detail,  all  delays,  changes  of  work,  rest  periods, 
cliange.s  in  conditions  that  would  affect  speed,  high  and  low  efficiency  periods 
during  the  day,  and  other  points  to  be  considered. 

Motion  Studies  Establish  Standard  Time  and  Performance  of  Structures. — 
During  the  period  of  preliminary  work,  it  was  discovered  that  the  work  of  a 
shoveler  can  be  classified  into  several  divisions,  each  susceptible  to  compre- 
hensive study  and  analysis,  and  to  each  of  which  a  definite  relative  time  value 
can  be  given. 

These  divisions,  in  general,  may  be  classified  into  time  spent  actually  shovel- 
ing, time  spent  other  than  shoveling,  delays  and  resting  periods.  By  studying 
each  motion  separately,  it  was  possible  to  establish  a  standard  time  for  each, 
and,  consequently,  a  standard  of  performance  for  the  whole.  It  was  possible, 
also,  to  discover  which  were  the  most  tiring  motions  and  how  each  was  affected 
by  length  of  time  worked,  length  and  distribution  of  rest  periods,  size  of  shovel 
design  of  shovel,  and  length  of  throw. 

To  obtain  some  standard  of  comparison  for  the  underground  work,  some  oi 
the  mine  shovelers  were  brought  to  the  surface  and  a  record  <rf  their  work  was 
made  under  ideal  conditions;  that  is,  with  good  air,  good  light,  no  timber  to 
interfere,  steady  shoveling  for  various  lengths  of  time  and  standard  lengths 
of  throw  for  the  muck.  In  addition  to  obtaining  the  comparison  standard, 
it  was  possible  to  form  definite  conclusions,  which  were  later  checked  satis- 
factorily under  actual  conditions  in  the  muie,  as  to  the  most  advantageous 
size,  type,  weight,  and  design  of  shovels  for  general  mine  use,  under  the  various 
conditions  encountered . 

Tests  of  Shoveling  Performance. — Tests  were  carried  on  for  two  months, 
three  different  shovelers,  taken  from  the  mines,  being  observed.  Each  of 
these  men  was  warned  that  he  had  to  work  at  his  best  speed,  all  during  the 
job.  but  that  he  was  not  to  overtax  himself.  He  was  told  that  when  he  became 
tired  he  was  to  take  a  few  moments'  rest,  as  it  was  better  for  him  to  rest  at 
intervals  than  to  try  to  work  all  the  time,  at  the  expense  of  speed  and  capacity. 
Later  the  rest  periods  were  regulated,  to  obtain  the  proper  intervals  at  which 
they  should  occur,  and  their  length. 

All  of  the  underground  shoveling  tests  may  be  classified  under  one  of  three 
headings:  Shoveling  directly  into  chutes;  shoveling  into  wheelbarrows  and 
tramming  to  chutes,  and  shoveling  into  cars  and  tramming  to  chutes.  Each 
of  these  series  was  conducted  independently  of  the  others,  and  was  complete 
in  itself.  The  men  under  observation  worked  for  periods  varying  from  1  to 
8  hours,  and  for  each  length  of  job  they  threw  or  trammed  the  muck  over  a 
wide  range  of  distances,  with  various  types  and  sizes  of  shovels.  In  all  the 
underground  tests,  the  work  was  done  under  the  actual  mining  condiUons, 
with  the  one  exception  that  the  men  were  always  under  observation,  and, 
consequently,  were  working  at  a  good  speed  for  the  full  period  of  the  test.  In 
no  case  did  the  men  overtax  themselves,  and  it  Ls  believed  that  all  tonnages 
recorded  are  easily  obtainable  by  a  good  but  not  exceptional  Mexican  laborer 


EXCAVATION  ECONOMICS  186 

alter  he  had  beea  properly  instructed,  and  under  close  and  intelligent  super- 
vision together  with  a  wage  paid  in  such  a  manner  as  to  provide  an  adequate 
incentive  to  do  good  work. 

It  soon  became  evident  that  the  great  majority  of  shovels  being  tested  were 
not  suitable  for  efficient  worlc,  and  only  the  work  of  the  No.  4  shovel,  which 
handles  the  21-lb.  load,  together  with  that  of  the  No.  2  scoop,  which  was  held 
in  high  esteem  by  many  of  the  men  in  the  operating  department  was  plotted 
on  charts.  The  results  obtained  during  the  surface  tests  were  plotted  along- 
side of  corresponding  results  from  underground,  to  accentuate  the  adverse 
efifects  of  underground  conditions  on  shoveling  capacity. 

Effect  of  Type  of  Shovel  and  Length  of  Throw  on  Shoveling  Speed. — The 
number  of  shovels  per  minute  thrown  into  a  chute  at  a  distance  of  8  ft.  from 
the  ore  pile,  for  jobs  varying  in  length  from  1  to  8  hours,  is  greater  with  the  No. 
4  shovel  than  with  the  No.  2  scoop.  Both  on  the  surface  and  underground, 
the  speed  of  shoveling  decreases  more  rapidly  with  the  scoop  than  with  the 
shovel,  as  the  length  of  the  job  increases.  A  man  working  with  a  scoop  under- 
ground can  perform  at  only  72  per  cent  at  his  speed  on  surface  for  8  hours, 
whereas  with  a  No.  4  shovel  he  can  work  at  82  per  cent  of  his  surface  speed. 
The  percentage  reduction  in  speed  between  surface  and  underground  work  is 
the  measure,  in  part,  of  the  efifect  of  mine  air,  powder  gas  and  smoke,  temper- 
ature, humidity,  and  poor  light.  Under  the  same  condition  of  work,  the 
difference  in  speed  between  the  No.  4  shovel  and  the  No.  2  scoop  is  due  to  the 
difference  in  the  load  handled. 

The  manner  in  which  the  length  of  throw  will  affect  the  speed  of  the  shoveler 
was  worked  out  for  a  uniform  length  of  job  of  6  hours  and  12  minutes,  and  for 
varying  distances.  The  decrease  in  shoveling  speed  on  the  surface  amounted 
to  an  average  of  2.5  per  cent  for  every  foot  increase  in  distance  thrown  in  the 
case  of  the  scoop,  and  1.8  per  cent  for  the  No.  4  shovel.  Underground,  the 
working  speed  was  decreased  more  rapidly,  being  respectively  4.4  per  cent  and 
3.2  per  cent  per  foot  increase  in  throw.  The  rate  of  decrease  in  shoveling 
speed,  both  on  the  surface  and  underground,  was  greater  for  the  heavily 
loaded  scoop  than  for  the  shovel. 

In  determining  the  amount  of  rest  required  for  shoveling  jobs  of  various 
lengths  it  was  found  that  the  scoop  again  has  a  negative  effect  both  on  surface 
and  underground,  causing  a  man  to  use  Up  more  time  in  resting  than  when 
working  with  a  No.  4  shovel.  The  rest  period,  as  considered,  was  made  of  the 
time  consumed  in  delays,  the  time  actually  spent  in  resting,  during  which  the 
man  may  smoke  a  cigarette  and  sit  down  for  a  few  minutes,  and  the  time  used 
in  loosening  the  muck  pile,  scraping  up  the  dirt  on  the  shoveling  plat,  or  doing 
other  light  work,  not  actually  shoveling,  but  closely  related  to  it. 

Determination  of  Acttuil  Time  Devoted  to  Shoveling. — Over  a  long  period  it 
was  possible  to  demonstrate  the  feasibility  of  accurately  determining  the 
percentage  of  the  working  day  that  a  man  will  actually  devote  to  shoveling. 
The  working  day  at  the  Burro  Mountain  mines  is  8  hours,  H  hour  of  which 
is  given  up  to  the  lunch  period,  leaving  7>i  hours  as  the  total  possible  working 
time.  It  was  found  that  of  this  7>2  hours  the  man  actually  worked  at  shovel- 
ing for  82.5  per  cent  of  the  time.  The  remainder  of  the  possible  working 
time,  or  17.5  per  cent,  is  spent  on  other  work,  the  man  quitting  early  for 
lundi  or  leaving  the  mine  or  commencing  to  work  late  at  beginning  of  the  shift 
or  after  lunch.  Observations  of  this  character  were  gathered  by  some  of  the 
ddft  bosses,  on  several  hundred-man  shifts,  and  it  is  surprising  how  little  the 
fisuros    obtained    by  each  have  varied  from  the  average  finally  obtained. 


k 
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The  ftvarage  tonnage  per  hour  to  be  expected  ot  a  man  tbrowtng  the  muck  a 
.  distance  of  S  ft.  over  onj'  period  ot  time  Is  shown  In  Fig.  2.  Experlmenls  to 
determine  the  total  tannage  shoveled  [or  itny  pericxl  over  the  aame  distance 
Bhowed  that  for  a  Job  laattng  5  hours  and  30  minutes,  with  a  No.  4  shovel 
undergTouud.  a  man  would  be  expected  to  shovel  28.0  tons  a  distance  of  S  ft. 
Five  representative  tests  actually  gave  the  followlDg  tonnages  under  average 
conditions: 

Tonnsge 
Lenith  of  job  6  hours  and 


Cumparienn  of  Work  Done  with  Sesop  and  by  SAoiel. — A  careful  study  of  Fig. 
3  shows  the  toliowing  conditions:  (1)  The  difference  in  tonnage  handled  by  the 
aame  abovel.  on  the  surface  and  underground,  for  any  length  of  Job,  is  the 


LengttiofJobm  Hours  Len^h  of  Job  in  Hours 

measure  of  the  bad  effects  of  underground  conditions.  For  a  Job  of  8  hours 
and  12  minutes,  with  a  No,  4  shovel,  the  underground  work  Is  20.5  per  cent 
less  than  on  surface.  (2)  The  difference  between  the  amounts  shoveled  with 
the  No.  2  scoop  and  the  No.  4  shovel,  under  same  conditions,  is  the  meaaure 
of  the  effect  of  the  difference  in  load  handled  by  the  man.  (3)  Each  Una  on 
this  chart  shows  a  peak  at  some  particular  length  erf  Job,  and  the  total  tonnage 
shoveled  lor  any  greater  period  than  this  is  actually  leas.  (4)  The  presence 
of  tills  peak  accords  with  the  experience  of  many  superintendents  and  man- 
agers, who  state  that  th^r  men  do  more  work  tn  an  8-hour  day  than  they  did 
on  the  old  10-hour  basis.  (S)  The  "economic  shoveling  day"  Is  about  6H 
hours,  with  a  No.  2  scoop  on  the  surface,  and  5H  hours  undergrouikd.  With 
a  No.  4  shovel,  on  the  surface  8  hours  Is  about  the  proper  length  ot  day, 
whereas  underground  GN  hours  seems  to  be  about  correct.  As  the  men 
actually  shovel  only  6H  hours  per  day  on  an  average,  and  as  their  other  work 
Is  generally  of  a  light  nature,  the  8-hour  day  with  the  correctly  proportioned 
shovel  is  probably  the  best;  but  with  a  scoop  It  is  certainly  too  long.  (6)  For 
work  on  the  surface,  on  Jobs  lasting  longer  than  4H  hours,  the  No.  4  shovd  is 
superior  to  the  scoop.    Underground  the  No.  4  shovel  d 
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■upariorl^  (or  Joba  Icmger  than  3H  houn.  The  Moop  thus  in*7  b»  con- 
skleiBd  OB  >  task  sborel  for  ahan-Ilme  Jobs,  but  even  here  Its  value  U  only 
allgblly  greatar  than  the  No.  4  above!  and  tt  tine  the  maa  so  th»t  be  Is  unSt 
tor  other  work  ohen  the  shoveling  task  Is  finished. 


i'' 


Length  of  Job  in  Hours 

Pia.  3. — ComparuoD  of  vork  of  No.  2  scoop  and  No.  4  Bhov«l. 

Effect  of  Heiaht  and  Length  o/  Throic  an  Sliovding  Spted. — The  toUowtns 
rormulas  show  the  manner  In  which  use  la  made  of  the  figures  presented  Id  the 
preceding  dlagrama: 

Let  W  -  wagbX  at  load  on  shovel.  In  pounde; 
N  ■•  number  of  Bhovels  per  minute; 
P  -  per  cent  time  aetuallj  Bhove'inB;  * 
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L  «  length  of  job,  in  minutes; 

T  -  total  tonnage  shoveled; 

n  =  number  of  shovels  per  minute  for  an  8-ft.  throw; 

p  »  per  cent  increase  or  decrease  due  to  various  lengths  of  throw. 

WxNxPXL      ^ 

T        n  =  N(1.00  ±  p) 
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Lengttiof  JobinHours 

Fia.  4. — Capacity  of  shoveler  using  wheelbarrow  for  various  jobs. 


In  using  the  No.  4  D-handle  shovel  H  was  discovered  that  a  throw  <rf  3  ft. 
to  the  wheelbarrow  gave  the  best  results  as  far  as  number  of  shovek  j>ei 
minute  and  rest  periods  required  were  concerned,  and  in  all  subsequent  work 
the  ore  was  thrown  Into  the  wheelbarrow  from  this  distance.    For  aay  lengifa 
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A.  tbe  nunibw  of  ahovala  par  mliiiits  la  1«m  ttun  vheo  Ihrowiog  a  ft.  Intn 
lUM,  aod  tbia  la  dua  to  tbe  l«ct  tlut  th«  >bovsler  nuiM  place  nch  ihovalful 
(ull7  to  keep  tbe  wlwnlbMTOw  from  ■pilUng  lt>  coDtent*  and  to  make  It 

eaally. 

Ig.  4  ^owti  tlie  toniUBS  U>  be  expected  d  a  man  lor  any  length  of  >ob,  tbe 
th  of  tram  being  constant  at  30  ft.    Tbls  chart  showa  tbat  tbe  aboveler 

not  quite  reached  hla  maximuiii  capadtj  at  the  end  of  8  hmin.  Two 
ona  are  advanced  tor  tbIa:  (I)  Aa  long  u  a  man  can  throw  the  ore  iolo  a 


Laaglli  el  JoC  in  HMt 


Fio.  ( 


veli-r 


IT  for 


t*.  be  has  a  fairly  direct  throw  from  the  ore  pUe  to  the  chute,  and  with  a 
tw  baa  a  deanile  path  to  traverae  each  trip.  With  ft  wheelbarrow,  how- 
r.  the  direction  and  length  of  tram  are  constantly  varying,  aa  la  also  the 
MiDt  of  Interference  from  other  Irammera.  tlmbermen  and  machine  lata. 
I  ntanllng  Influence  of  these  factors  Increases  as  the  length  of  the  tram 
rmam.  (3)  Tbe  sequence  of  opentlons,  abovellng.  tramming  and  diunp- 
,  ta  al  auch  short  duration  and  cbangea  ao  often  from  ona  to  the  other  than 
I  hard  to  keep  up  an;  pace  that  may  be  set,  and  probably  an  unneoesaary 
D^  tJ  reat  Is  tndul^  hi  for  all  periods. 

tiMD  s  aarlea  of  t«sts  during  which  the  ore  was  thrown  Into  a  Itdm  cu 
4  ft,  waslhAtMsV 
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distance  to  maintain  between  car  aad  ore  pile  In  oidei  tb&t  a  man  mlgtit  irorit 
to  the  best  advantage.  Owing  to  the  height  of  the  car.  the  capacity  of  a 
Bhoveler  ia  dacreoeed.  as  compared  to  his  capacity  In  shovels  per  minute  when 
loading  into  a  wheelbarrow.  This  decrease  In  shoveling  speed  amounts  to 
about  8  per  cent  per  toot  of  height.    The  best  type  oF  car  for  a  shoveler  to  use 


il 


holds  ^Ktut  a  ton  of  ore,  Is  as  low  as  Is  conalatent  with  good  deaigTi — ceitalnl; 
not  ovra  46  In.  in  height — and  is  equipped  with  roller  bearings,  whicb  should 
be  kept  In  the  best  of  condition.  Cais  much  larger  than  this  are  too  Itaid  lo 
tram  and  cars  much  smaller  use  up  too  much  lA  Oie  silovder's  t 
back  and  forth. 

To.nnaee  to  ^9  £xiiKl«I  uniicr  Aterage  SkvHliiiir  Csndtluiu. — Fig.  6 
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the  tonnapge  to  be  expected  of  a  man  mucking  into  a  car  and  tramming  a  con- 
stant distance,  for  various  lengths  of  jobs.  It  will  be  noticed  that  the  eco- 
nomic shoveling  day  is  between  7  and  8  hours  long,  and  that  the  maximum 
average  results  to  be  expected  of  a  mine  shoveler  under  the  given  conditions 
have  probably  been  reached.  The  tonnage  to  be  expected  under  average 
shoveling  conditions  during  a  uniform  shoveling  day  of  6  hours  and  12  minutes 
and  for  any  distance  that  the  ore  must  be  thrown  or  trammed  is  shown  in 
Fig.  6.  The'graph  representing  the  tonnage  to  be  expected  of  a  man  with  a 
wheelbarrow  may  not  be  entirely  correct,  especially  as  the  length  of  tram 
increases.  On  the  other  hand,  the  wheelbarrow  is  generally  used  where 
neither  direct  shovding  nor  the  use  of  a  car,  with  its  attendant  track  expense, 
is  feasible;  consequently,  the  wheelbarrow  is  always  at  work  under  adverse 
conditi(»is  in  a  stope,  and  no  improvements  over  the  results  here  tabulated 
are  to  be  expected. 

The  calculation  of  tonnage  to  be  expected  when  tramming  either  with  a 
car  or  wheelbarrow,  for  any  length  of  job  and  distance  trammed,  is  expressed 
in  the  following  formulas: 

Let  W  =  weight  of  load  on  shovel,  in  pounds; 
N  »  number  of  shovels  per  minute; 
P  »  per  cent  of  time  actually  shoveling; 
L  =  length  of  job,  in  minutes; 
T  »  total  tonnage  shoveled ; 
a  =  time  to  load  one  car  or  wheelbarrow; 

b  »  time  to  tram  and  dump  one  car  or  wheelbarrow,  in  minutes; 
c  <->  load  on  one  car  or  wheelbarrow,  in  pounds; 


W  X.N 
L 


=  a 


(c  X  P  j 


2000 

Effect  of  Size  of  Shovel  or  Scoop  on  Shoveling  Capacity. — To  determine 
the  relative  wearing  qualities  and  the  cost  per  ton  for  supplying  the  men 
underground  with  new  shovels,  different  places  in  the  mines  were  equipped 
with  different  makes  and  styles  of  shovels,  and  the  results  carefully  noted. 
At  frequent  intervals  these  shovels  were  measured  to  detect  the  wear  of  each 
blade,  and  checked  up  to  see  that  all  were  being  used  in  the  proper  places 
underground ;  the  tonnage  coming  from  each  place  and  the  number  of  shovelers 
employed  were  also  noted. 

Tests  were  conducted  with  square  and  round-point  shovels  varying  in 
size  from  No.  2  to  No.  6  and  with  standard  No.  2  scoops,  to  determine  what 
size  of  shovel  was  best  adapted  to  the  work.  For  short  jobs  of  less  than  4 
hours'  duration,  the  No.  2  scoop  and  the  No.  5  and  6  shovels  were  slightly 
superior  from  the  standpoint  of  tonnage  handled;  but  for  jobs  requiring 
more  than  4  hours  for  their  completion,  the  No.  4  shovel  was  greatly  superior. 
From  the  standpoint  of  "number  of  shovels  per  minute,"  work  with  a  scoop 
is  at  all  times  slower  than  with  a  No.  4  shovel,  and  as  the  day  progresses  the 
percentage  of  time  required  for  resting  becomes  greater  with  the  scoop  than 
with  the  shovel.  The  result  is  that  although,  for  short  work  periods,  the 
larger  capacity  of  the  scoop  brings  the  total  tonnage  handled  above  that  of  a 
No.  4  shovel,  for  long  periods  the  increased  amount  of  rest  required  when 
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handling  the  heavier  load  serves  to  put  the  No.  4  shovel  considerably  in  the 
lead  as  a  tonnage  mover.  In  general  it  may  be  said  that  for  shovels  smaller 
than  the  21-lb.  load  shovel,  the  tonnage  handled  per  shift  is  approximately 
directly  proportional  to  the  shovel  capacity;  that  is  if  a  man  using  a  No.  4 
shovel  will  handle  26  tons  in  an  8-hour  shift,  with  a  No.  3  shovel,  which  holds 
91  per  cent  of  the  load  of  a  No.  4  shovel,  he  would  be  expected  to  shovel  about 
24  tons  a  shift.  If  the  increased  cost  of  shoveling  with  a  smaller  shovel,  or 
one  that  has  been  worn,  is  balanced  against  the  cost  per  ton  of  putting  a  new 
shovel  underground  and  disciiarding  the  old  one,  it  will  indicate  economic 
limit  of  wear  of  the  shovels  in  use. 

Design  of  Shovel  Best  Adapted  to  Mining  Work. — The  design  of  shovel  which 
was  considered  as  being  the  best  adapted  to  mining  work,  conforming  to 
conditions  under  which  the  tests  under  review  were  made,  should  hoILd  21  lb. 
of  broken  ore  as  an  average  load.  Both  the  square  and  the  round-top  blades 
should  be  of  standard  shape,  of  No.  15  gage  at  the  point,  and  of  such  composi- 
tion that  the  shovel  will  handle  not  less  than  1,100  tons  of  medium  hard  ore 
when  shoveled  off  a  wooden  mat.  All  blades  should  be  of  the  plain-back  type 
without  rivets,  the  back  strap  being  welded  to  the  blade.  Only  best-grade, 
second-growth,  northern  white  ash  should  be  used  for  the  handle,  which 
should  be  bent  to  the  proper  shape  and  dimensions.  On  short-handle  shovels, 
the  Dirigb,  or  split  D,  handle  is  preferred,  as  it  is  much  strcmger  than  the 
ordinary  D  handle. 

How  to  Obtain  Qreatest  Shoveling  Efficiency. — To  obtain  the  highest  shovel- 
ing efficiency  underground,  every  man  hired  as  a  shoveler  should  be  in  a 
particular  stope  or  working  place  that  is  directly  in  charge  of  a  shoveling 
boss.    This  boss  should  have  had  considerable  experience  in  shoveling. 

Economic  Choice  of  Shovels  for  Construction  Work. — C.  W.  Hartley  in 
Engineering  and  Contracting,  March  31,  1915,  gives  the  results  of  a  study 
made  to  indicate  the  economic  choice  of  shovels  for  handling  different  classes 
of  material,  from  which  the  following  is  taken. 

It  is  the  custom,  or  has  been  in  the  past,  among  many  large  contracting 
firms  and  companies  in  New  York  City  employing  a  great  number  of  laborers 
on  trench  work,  to  require  the  men  to  furnish  their  own  shovels.  The  princi- 
pal reason  for  this  is  claimed  to  be  that  shovels  furnished  by  the  employers 
are  very  rapidly  lost  or  stolen.  While  this  may  be  true,  it  would  appear  that 
such  procedure  is  a  false  economy,  as  I  shall  endeavor  to  show. 

Frank  B.  Gilbreth,  in  his  work  on  "Motion  Study"  (page  69)  says: 

No  worker  should  ever  be  obliged  to  furnish  his  own  tools,  if  large  output  is 
expected.  When  workmen  are  obliged  to  furnish  their  own  tools  (due  to 
their  having  too  much  thrift,  lack  of  money,  or  fear  of  having  them  stolen)  they 
usually  use  one  size  only  of  the  same  kind  of  tool.  On  many  kinds  of  work, 
greater  output  can  be  obtained  by  using  two  or  more  sizes  of  a  tool. 

Again,  where  workmen  furnish  their  own  tools,  they  use  them  after  th^  are 
too  much  worn.  A  shovel  with  a  worn  blade  will  require  several  motions  to 
push  it  into  the  material  to  fill  it.  It  is  cheaper  in  this  case  to  cut  off  the 
handle  of  the  shovel,  so  that  the  men  cannot  use  it.  Where  no  records  are 
kept  of  their  individual  outputs,  the  men  always  choose  the  shovel  with  the 
small  blade. 

The  statements  contained  in  the  last  paragraph  quoted  have  been  most 
strikingly  forced  upon  the  writer's  attention  by  reason  of  the  following  dis- 
covery: 

In  a  gang  of  38  men,  at  work  in  a  trench,  with  shovels  furnished  by  them- 
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selves,  it  was  found  that  92  per  cent  were  using  the  smallest  size  shovel  on  the 
market,  a  No.  2,  while  the  remaining  8  per  cent  were  using  the  next  size  larger, 
a  No.  3.  These  shovels,  as  will  be  shown  later,  are  incapable  of  holding  near 
the  amount  61  material  (if  it  be  earth)  that  shoulc^  constitute  a  shovelful.  It 
was  further  observed  that  60  per  cent  of  these  men  were  udng  shovels,  the 
blades  of  which  were  worn  down  approximately  3  ins.  from  the  point,  or 
until  but  little  over  half  the  original  blade  remained. 

By  critical  time  observations  it  was  demonstrated  that  the  men  using  the 
w<mi  shovels  worked  no  faster  than  those  using  the  good;  further,  that  men 
will  shovel  at  approximately  the  same  speed  whether  they  are  working  with 
a  No.  2  shovel,  or  a  No.  4,  and,  as  a  general  rule,  will  fill  the  blade  full  when- 
ever possible  to  do  so.  This  being  the  case,  it  is  self-evident  that  the  use  of 
small  or  worn  shovels  will  entail  the  handling  of  less  material,  as  follows: 

A  No.  2  shovel,  in  good  condition,  was  found  by  many  trials  to  hold,  as  an 
average  load,  13  lbs.,  the  material  being  common  loam  or  earth,  loose  and  dry. 
This  same  size  shovel  worn  down,  as  were  half  of  those  in  use  by  this  afore- 
mentioned gang,  was  found  to  hxAA  but  7  lbs.  of  earth  or  loam,  which  is,  as  will 
be  noted,  only  one-third  the  amount  Taylor  has  shown  to  be  productive  of  the 
greatest  shoveling  efficiency. 

These  same  data  were  obtained  for  shovels  of  other  sizes,  namely  No.  3. 
No.  4,  and  No.  5.  and  Table  IV  gives  the  results  of  the  tests  made  to  determine 
the  average  amount  of  earth,  sand,  and  stone  that  constitutes  a  shovelful. 

TabliB  IV. — Shovel  I^oads  of  Vabious  Materials  in  Pounds  fob  Shovels 

OF  Different  Sizes 

Worn ■■New 

Dimensions 

of  blade*                                         94 -in.  54 -in. 

Number       (inches)          Earth      Sand         stone  Earth       Sand        stone 

2 9Hhyl2H  7.0           9.0           7.0  13.0  14.5  9.5 

3 9Hbyl3>J         15.5  17.0  11.0 

4 9^byl3K         18.0  19.0  12.0 

6 lOH  by  14)^          22.0  22.5  15.5 

It  has  been  my  observation  that  the  shovel  most  used  in  general  contracting 
work  is  a  No.  2,  whether  it  is  supplied  by  the  employer,  or  by  the  laborer. 
That  this  is  the  fact  is  due,  probably  (in  the  case  of  the  employer),  to  lack 
of  consideration  of  the  subject,  and  also  to  the  fact  that  the  use  of  this  parti- 
cular size  is  sanctioned  by  custom. 

It  will  be  noted,  from  Table  IV  that  the  No.  4  and  No.  5  shovels  approach 
most  nearly,  in  the  amount  of  material  handled,  the  21 -lb.  load.  For  trench 
and  general  shoveling  work,  however,  the  No.  5  is  a  trifle  wide  and  cumber- 
some, while  the  No.  4,  though  appearing  large  and  heavy  in  comparison  with  a 
No.  2,  we  found  to  be  well  adapted  to  use  in  the  trench.  Fortified,  therefore, 
with:  the  data  presented  at  the  b^^inning  of  this  paper,  it  was  decided  to  equip 
the  laborers  in  the  ccmstruction  department  with  the  No.  4  shovels,  and  at  the 
beginning  of  the  season,  in  April,  1914.  this  was  done. 

To  quote  from  a  report  presented  to  the  chief  engineer: 

I  find  that  we  started  the  season,  on  April  15,  1914,  with  606  round-pointe<i 
No.  4  shovels,  and  150  square-pointed  No.  4  shovels,  or  a  total  of  756. 

At  the  present  time,  Nov.  10,  1914,  there  are  at  the  storeyard  311  round  and 

92  square  shovels,  leaving  295  round  and  58  square,  or  a  total  of  353  shovels 

used  during  the  season.     Of  these  353  shovels,  57  have  been  returned  as  worn 

out,  and  there  are  at  present  261  in  use  on  the  work.    The  majority  of  these 

13 
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shovels  now  in  use  show  considerable  signs  of  wear,  and  might  well  be  classed 
as  worn  out,  so  we  have  a  total  of  308  shovels  worn  out  during  the  season. 
This  leaves  45  shovels  to  be  accounted  for  as  lost,  stolen,  broken,  etc. 

In  a  season  of  168  working  days  (up  to  the  first  of  November)  therefore, 
we  have  used  353  shovels,  or  an  average  of  2.10  per  day.  These  shovels  were 
of  two  different  grades,  costing  $8.60  and  $5.25  per  dozen,  respectively.  The 
fact  that  the  higher  priced  shovels  outwear  the  lower  has  not  been  apparent, 
however,  at  least,  not  sufficiently  so  as  to  warrant  the  difference  in  cost. 

Assuming,  for  sake  of  argument,  that  all  the  shovels  cost  us  72  cts.  apiece 
(or  at  the  rate  of  $8.60  per  doz.)  we  find  that  it  has  cost  $1.51  i)er  day  to  supply 
our  laborers  with  these  No.  4  shovels.  The  daily  average  number  of  laborers 
at  work  during  the  season  was  178,  and  the  cost  of  the  shovels  per  man  per 
day  was  therefore  .85  cts. 

It  was  shown,  by  my  previous  reports,  that  the  use  of  a  No.  4  shovel,  in 
place  of  a  No.  2,  increased  the  efficiency,  and  consequently  the  output  of  the 
shoveler,  approximately  27  per  cent.  While  it  is  practically  impossible,  on 
our  work,  to  figure  the  actual  increase  in  yardage  shoveled,  the  balance  seems 
to  be  unquestionably  in  favor  of  the  No.  4  shovel.  The  cost  of  these  shovels, 
as  shown  above,  was  less  than  1  ct.  per  man  per  day,  and  there  can  be  no  doubt 
but  that  their  use  effected  an  increase  in  output  far  greater  than  that  amount. 

The  item  of  45  shovels  lost,  stolen,  or  unaccounted  for  is  worthy  of  note.  As 
remarked  before,  the  statement  has  been  made  that  shovels  furnished  by  the 
employer  are  lost  and  stolen  in  great  numbers.  The  fact  that  out  of  a  total 
of  353  shovels  used  by  178  men  through  a  season  of  over  five  months,  only  45, 
or  a  percentage  of  12.7,  were  unaccounted  for,  would  tend  to  refute  the 
argument. 

There  may  be  some  who  might  question  the  practicability  of  equipping  with 
the  No.  4  shovel  a  number  of  men  who  have  never  used  any  other  than  a  No. 
2.  This  was  done,  however,  and  without  the  offering  of  any  explanation,  or  a 
bonus  for  increased  output.  Such  a  step  quite  naturally  created  a  great  deal 
of  comment  and  discussion  among  the  men,  for  a  few  days,  but  after  that  time 
they  apparently  forgot  that  they  were  using  a  shovel  which  would  hold  half 
as  much  again  as  the  one  to  which  they  had  been  accustomed. 

A  Study  of  the  Application  of  Scientific  Management  to  Trenching. — The 
following  is  a  portion  of  an  abstract,  of  a  paper  by  B.  M.  Ferguson  before  the 
Michigan  Gas  Ass'n.,  Sept.,  1911,  given  in  Engineering  and  Contracting,  Nov. 
29,  1911. 

"High  Wages  and  Low  Labor  Coat"  is  Mr.  Taylor's  theme  of  scientific 
management.  To  increase  the  entire  working  efficiency  of  any  industrial 
estabUshment,  by  putting  into  the  hands  of  the  management  exact  knowledge 
of  how  long  it  takes  to  do  work,  and  carefully  selecting  and  training  men  for 
each  particular  kind  of  work,  together  with  improved  methods  of  operation 
and  a  reward  or  bonus  going  to  the  operator,  workman,  mechanic,  or  laborer 
for  an  extra  hard  day's  work,  is  the  essence  and  direct  object  of  the  Taylor 
System  of  Scientific  Management.  "An  extra  hard  day's  work"  must  not 
be  interpreted  as  meaning  that  men  shall  be  worked  to  their  limit  of  capacity 
or  beyond  that  rate  of  speed  which  a  man  can  maintain  daily  and  throughout 
the  year.  It  simply  means  a  full  day's  work  minus  the  time  lost  due  to  the 
evils  comiected  with  day  work  or  the  older  and  less  efficient  systems  of  man- 
agement and  the  handling  the  labor. 

The  writer  was  assigned  the  task  of  studying  the  Taylor  system  with  a  view 
of  testing  its  appUcability  to  gas  manufacture  and  distribution.    A  little  study 
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the  average  man.  All  the  men  knew  that  I  was  watching  them  doflaly. 
and  hence  worked  more  steadily  than  they  would  have  had  I  not  been  tben. 
I  marked  the  sections  off  for  them  at  the  start,  and  measured  them  at  the 
finish.  Of  course,  there  is  always  some  variation  in  soil,  and  temi>eiature 
conditions  have  a  good  deal  to  do  with  the  manner  in  which  the  men  can  ¥nork. 
It  grew  hotter  in  the  afternoon,  and  the  men  naturally  weakened  a  little. 

Similar  observations  were  made  vdth  another  gang  worldng  on  the  layin 
of  a  4-in.  main  on  Cameron  Ave.,  north  of  Woodland. 

Number  of  hours  digging:    84.  Yardsof  dirt  removed:  86.85  »  .907  bou 
or  58  minutes  per  yard  as  the  average  of  17  men  digging. 

When  I  came  to  this  job  I  told  the  foreman  that  I  was  doing  some  inapeoti 
for  the  Street  Department.    When  he  saw  me  taking  notes  in  my  bONOk  b 
frequently  looking  at  my  watch,  he  b^an  to  push  the  men  along,  muttw 
to  them  in  their  own  language,  most  of  them  being  Polish.     He  complal 
about  the  short  run  jobs,  and  said  it  was  difficult  to  know  how  to  place 
men.    The  soil  here  is  softer  than  that  on  Jefferson  Ave.,  but  wet  and  hM 
below  the  first  foot  or  two.    In  two  different  places  the  banks  caved  in  in 
same  half  block,  while  nothing  like  this  happened  on  Jefferson  Ave.  in  al 
four  blocks  or  more. 

RcUio  of  Time  Required  to  Dig  and  Throw  One  Shovelful  of  Dirt  to  ihM 
Required  to  Backfill  One  Shovel  of  Dirt. — Allowing  for  variation  in  SOU  (tf  BO 
by  considering  the  section  as  composed  of  H  soft  soil  and  H  harder  aoU 
multiplying  observed  times  by  this  ratio: 

On  Jefferson  avenue,  1  ft.  below  surface : 

Mean  time  per  shovel 11.5    sr 

Do.,  3  ft.  below  surface: 

Mean  time  per  shovel 16. 41  B' 

11.5  X  H=        3.83 

16.41  X  K  =  10.95 

14.  78  seconds  per  shovel. 

Mean  of  51  other  observations  taken  at  random,  13  seconds  per 
Average  of  the  two  (about),  14  seconds: 

Time  per  shovel  on  backfilling: 
8-in.  main  gang  (mean  of  180  observations),  5  seconds. 
4-in.  main  gang  (mean  of  190  observations),  4.8  seconds. 

Time  required  to  dig  _  ...  14  _ 

Time  required  to  backfill.  .5 

or  a  yard  of  dirt  should  be  thrown  back  in  .357  times  required  to  di. 

Taking  the  following  as  the  average  cross-section:  One  cubic  yari 
lin.  ins.  or  .928  lin.  yds.     Total  time  required  to  dig  and  backfill  .92S 
of  ditch  of  the  above  section  =  59  minutes  digging  4-  16.5  minutes  bi 
or  75.5  minutes  per  cubic  yard. 

Soil  fairly  hard,  weather  warm  but  not  hot.  Nos.  1026,  1031,  1 
and  1027  receive<l  bonu.<4  on  the  basis  of  1>2  hours  overtime  ($1.80  i 
$1)  for  each  21-ft.  section  dug.  No.  1655  was  not  a  very  good  w 
it  was  too  iinich  physical  exertion  for  him  to  keep  up  his  pace. 
showed  no  special  signs  of  fatigue,  and  were  (luite  satisfied  to  app]> 
effort  for  the  bonus  offered.     (Table  VII.) 

No.  1031  said  he  disliked  "  Piece-work,"  so  took  him  off.    No.  Ui: 
hard  sections  at  a  goo<I  rate  but  claimed  too  much  was  wanted  for 
In  the  afternoon,  he  slowed  down  (Table  VIII).    His  pftrtlcul 


EXCAVATION  BCONOMICS 


t'ili 

i=r 

I-'IH 

^E 

¥-m 

s"!;" 

l='i:: 

till 

i=-i;i 

!=?•; 

i=5|s^ 

I'll 

i^m 

%"".- 

i=iis5 

rmi 

iiis 

i=5=s; 

^1  =  3 

!  r 


I 


198  HANDBOOK  OF  CONSTRUCTION  COST 

were  harder  than  the  average  on  account  of  the  many  tree  roots  and  this 
necessitated  the  use  of  the  pick  and  axe  quite  considerably.  No.  1026,  who 
is  the  best  worker  in  the  gang,  also  slowed  up  in  the  afternoon,  but  more  on 
account  of  the  influence  of  the  other  men  than  any  other  reason.  The  foreman 
had  always  given  them  9-ft.  sections  to  dig,  and  consequently  the  larger  sections 
were  not  very  popular  at  the  start.  For  this  reason  I  made  the  sections 
smaller  temporarily.  ^ 

Digging  of  the  Average  Man  Under  Close  Supervision. — Soil  rather  hard,  and 

ditch  located  about  5  ft.  from  row  of  trees.    Digging  in  the  morning — Table  IX . 

• 

(1)  Average  time  per  yard  for  good  men,  47.3  minutes. 
(2;  Average  time  per  yard  for  average  men  67.4  minutes. 

(3)  Average  time  per  yard  for  good  men  with  bonus,  38.3  minutes. 

(4)  Average  time  per  yard  for  good  men  without  bonus,  59.3  minutes. 

Amount  of  work  done  by  bonus  men  =  1.51  times  work  done  by  average 
man.  This  is  equivalent  to  $3.03  on  a  basis  of  $2  per  day.  The  bonus 
allowed  was  three  hours  overtime,  making  the  day's  pay  $2.60  instead  of  $2. 
On  the  basis  of  60  minutes  for  the  average  man  and  40  minutes  per  yard  for 
the  bonus  man,  the  men  would  be  doing  an  excellent  day's  work.  Even 
allowing  this  bonus  for  work  at  the  rate  of  45  minutes  per  yard  ($2.66  on  the 
basis  of  $2)  would  pay  because  of  the  influence  of  the  good  men  on  the  other 
men. 

Method  of  Keeping  Cost  of  Earthwork  so  as  to  Show  the  Daily  Unit  Cost 
of  Each  Gang. — W.  A.  Gillette  in  Engineering  and  Contracting,  July  24, 1912, 
gives  the  following: 

Every  dirt  moving  contractor  knows  the  difficulty  of  ascertaining  the  unit 
cost  of  excavation  during  its  progress,  that  is,  before  he  secures  his  monthly 
estimate.  I  venture  to  say  that  not  one  contractor  in  flfty  knows  closely  the 
cost  per  cubic  yeard  of  the  earth  he  moved  yesterday  or  last  week,  unless  it 
was  moved  in  cars  or  wagons.  Even  then  few  contractors  have  adequate 
records  of  daily  output. 

Some  time  ago  I  conceived  the  idea  that  I  would  have- my  timekeepers 
"keep  tabs"  on  the  number  of  loads  hauled  by  each  gang  during  a  period  of 
about  20  minutes  during  the  forenoon  and  for  an  equal  period  in  the  afternoon. 
Upon  these  two  relatively  short-time  records,  I  determined  to  base  an  estimate 
of  the  full  day's  work  of  each  gang  and  to  test  the  accuracy  of  this  method  by 
comparison  with  the  monthly  estimates  based  on  the  engineers'  cross-sections. 
I  was  astonished  at  the  accuracy  of  my  estimates  of  yardage.  The  first 
month  I  moved  about  70,000  cu.  yds.,  and  my  estimate  was  about  5  per  cent 
higher  than  the  engineers'  estimate.  The  next  month  I  was  about  an  equal 
amount  too  low,  so  that  I  checked  almost  exactly  with  the  engineers  on  the 
total  yardage  of  the  two  months. 

The  timekeeper  was  given  a  statement  of  the  estimated  size  of  load  of  each 
kind  of  scraper  and  wagon.  Thus,  a  No.  2H  wheeler  was  estimated  to  hold 
one-third  cubic  yard,  measured  in  place.  A  three-up  dump  wagon  was  esti- 
mated to  average  1^  cu.  yds.  Fresnos  were  estimated  at  differoat  capacities, 
according  as  the  pull  was  up  hill,  or  down  hill,  or  level;  and,  in  some  cases,  it 
might  be  desirable  to  vary  the  estimate  according  as  the  haul  Is  short  or  long. 

The  important  new  feature  of  this  method  of  cost  keeping  is  the  practice 
of  counting  the  loads  hauled  by  every  gang  during  at  least  two  periods  of  the 
day.  One  timekeeper  can  cover  a  lot  of  ground  if  he  is  provided  with  a 
saddle  horse;  and  thus  can  report  the  output  of  a  great  many  separate  gangs. 
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His  report  is  made  out  daily  for  each  gang,  and  he  also  makes  a  summarized 
total  daily  cost  report  for  all  the  gangs. 

By  following  this  plan  I  was  able  quicldy  to  discover  that  my  wheeler  worlc 
was  costing  more  than  my  fresno  work.  I  also  saw  at  once  that  for  hauls  of 
more  than  about  150  ft.,  the  cheapest  method  was  to  load  wagons  with  fresnos 
through  a  trap. 

Methods  of  Analysis  of  Costs  of  Steam  Shovel  Work. — The  following 
matter,  published  in  Engineering  and  Contracting,  Dec.  13,  1911,  is  an 
abstract  of  pages  5  to  30  of  "  Handbook  of  Steam  Shovel  Work"  a  report  by 
Construction  Service  Co.,  to  the  Bucynis  Co. 

There  are  so  many  factors  entering  into  steam  shovel  work  that  the  problem 
of  determining  the  details  of  cost  seems  at  first  highly  complex,  but  syste- 
matic analysis  has  resulted  in  so  simplifying  it  that  any  man  of  field  experience 
ought  to  be  able,  with  the  help  of  the  data  contained  in  these  pages,  to  put  his 
shovel  work  on  a  scientific  basis.  To  determine  what  the  work  is  costing  day 
by  day,  is  half  the  problem;  to  determine  what  it  ought  to  cost  is  the  other 
half. 

To  establish  these  factors  it  was  necessary  to  observe  a  large  nmnber  of 
shovels  in  operation,  and  the  data  given  are  the  results  of  the  observation  of 
nearly  50  different  shovels  at  work  in  various  kinds  of  earth  and  rock. 

The  unit  costs  of  working  by  hand  will  be  nearly  the  same,  field  conditions 
being  equal,  whether  the  job  is  a  large  one  or  comparatively  small.  The 
steam  shovel  is  dependent  for  its  work  upon  so  many  factors,  any  one  of  which 
may  greatly  help  or  hinder  it,  that  there  is  a  far  greater  diversity  of  results 
than  in  the  case  of  handwork.  The  question  of  how  much  work  there  must  be 
to  economically  justify  the  use  of  a  steam  shovel  is  vital  in  a  large  percentage 
of  all  excavation  contracts.  To  answer  it,  simply  calculate  the  total  cost, 
including  the  cost  of  installing  the  plant,  and  divide  this  by  the  number  of 
cu.  yds.  of  material  to  be  handled. 

OenercU  Conditions. — Repair  costs  should  be  apportioned  to  the  work  rather 
than  considered  a  function  of  the  age  of  the  shovel.  It  will  be  higher  for  rock 
than  earth  and  htglffer  for  poorly  broken  rock  than  for  well  blasted  material. 
Time  alone  doesn't  affect  the  unit  cost  of  repairs. 

In  the  item  of  depreciation  the  reverse  of  this  proposition  obtains.  iJ  the 
machine  be  kept  in  proper  repair  the  depreciation  is  effected  by  time  alone, 
r^ardless  of  the  work  the  machine  is  doing.  Many  concerns  class  this  item 
and  repairs  under  one  account,  but  this  practice  is  inaccurate  and  misleading. 
There  is  a  great  disagreement  among  accountants  as  to  how  depreciation 
should  be  figured  and  there  are  many  so-called  depreciation  formulae  and 
curves.  The  simplest  to  use,  and  one  which  for  steam  shovel  work  is  satis- 
factory if  proper  allowance  is  made  for  repairs,  is  the  "  right-line  formula," 
which  is  as  follows : 

(a  -  b)c/d 
X  «=  ,  where      a  =  original  value, 

*  b  =  value  on  removal, 

c  =  time  in  use, 

d  =  estimated  life, 

X  =  %  of  depreciation. 

Then  X  divided  by  the  output  for  the  period  c  wiU  be  the  cost  of  depreciation 
per  unit  of  performance. 
The  working  life  of  a  shovel  may  be  assumed  to  be  20  years,  and  assumhig 
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the  first  cost  at  $160  per  ton,  and  its  scrap  value  at  $10  per  ton,  the  value  for  X 
with  a  10-year-oid  shovel,  would  be 

10 
($150  -  $10)  X   — 

»  46.67%  in  the  10  years  or  4H  %  per  year. 

$150 

The  interest  on  all  money  invested  in  the  work  must  be  included  in  the 
costs  of  the  work.    In  this  discussion  the  interest  is  assumed  as  6  per  cent. 

The  height  of  bank  to  which  a  shovel  can  work  has  an  important  bearing 
upon  the  costs.  The  reason  for  this  is  that  the  higher  the  bank  the  larger 
amount  of  material  that  can  be  removed  without  moving  the  shovel. 

Formula. — The  following  analysis  of  steam  shovel  work  Is  based  on  the 
results  of  observations  of  about  50  shovels  at  work.  The  wages  of  the 
different  classes  of  men  were  standardized  as  listed  below  for  purpose  of  analyt- 
ical comparison.  In  connection  with  this  analysis  the  accompanying  curves  of 
cost  are  useful  in  enabling  a  rapid  estimate  to  be  made  of  the  approximate  cost 
of  steam  shovel  work  in  progress  or  proposed : 

d  s  time  in  minutes  to  load  1  cu.  ft.  with  dipper  (place  measure), 
c  =  capacity  of  1  car  in  cu.  ft.  (place  measure). 
f  -  time  shovel  is  interrupted  while  spotting  1  car. 
e  =  time  shovel  is  interrupted  to  change  trains. 
g  =  time  to  move  shovel. 
L  =  distance  of  1  move  of  shovel. 
N  =  number  of  shovel  moves. 

M  »  minutes  per  working  day  less  time  for  accidental  delays. 
A  or  B  -  area  in  sq.  ft.  of  section  excavated. 

R  B  cost  in  cents  per  cu.  ft.  on  cars,  for  shovel  work  only  (place 

measure) . 
LAN  =  cu.  ft.  excavated  per  day. 

C  »  shovel  expense  in  cents  in  1  day,  not  including  superintendence 

and  overhead  charges  and  not  including  preparatory  charges, 
n  =  number  of  cars  in  train. 

(1)  Time  to  load  1  car  =  dc. 

(2)  Time  to  load  1  train  -  ndc  +  nf  +  e. 

LA 

(3)  Number  of  trains  for  1  shovel  move  —  

nc 

(4)  Time  between  beginning  of  1  shovel  move  and  beginning  of  next* 

LA 

(ndc-fnf+e) -f  g. 

nc 


(5)  N  = 


(6)R 


M 


.       e\LA 
dc+f  +  -  I—  +g 
n/  c 

27Cd        27C/f         e  g 


(■ 

27C/f         e  g  \ 

M  \c        nc        lA/ 


This  is  equivalent  to  the  equation  R  =  md  +  b. 

27  C 

(7)  Where  m  =» ,  and 

M 

(8)  b  =  m  (-  +  -  +  ^^1 

\c       nc       LA/ 
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It  appears  that  the  equation  R  »  md  +  b  is  that  of  a  straight  line.    Now 

27C  /'        ©         fir  \ 

since  the  equation  m  =    •— andb  =  ml  -+  — \-  -—  lall  Quantities  in  volve<l 

M  \c       nc      LA/ 

in  the  equation  excepting  d  are,  or  are  assumed  to  be,  constant.     The  data 

upon  the  value  of  these  quantities  have  been  represented  in  graphic  form 

with  all  influencing  factors  by  the  Figures  7  to  10  incl. 

The  following  standards  have  been  assumed  for  a  shovel  valued  at.  say 

$14,000: 

Per  year 

Depreciation.  4^  % $     653. 34 

Interest,  6% 840. 00 

Repairs,  when  working  one  shift 2 ,000. 00 

$3,493.34 

Per  day 

Assuming  year  of  150^  working  days ' $       23.  29 

Shovel  runner 5. 00 

Craneman 3.  60 

Fireman 2. 40 

H  watchman  at  $50  per  mo 1 .  00 

6  pitmen  at  $1.50 9.00 

1  team  hauling  coal,  water,  etc.,  H  day,  say,  at  $5. 00 2.  50 

2U  tons  at  $3.50 8.  75 

Oil,  waste,  etc.,  say ' 1 .  50 

$       57.04 
1  For  various  reasons,  such  as  lack  of  continuous  work,  weather,  etc.,  150 
working  days  per  year  is  assumed.     This  will  vary  greatly  with  local  conditions. 


Table  X. — Data  for  Use  with  Cost  Curves 

Values  of  e,  n,  c,  f,  involved  in  ordinary  contracting  work  with  side  dump 
cars. 

e  »  Average  time  shovel  is  interrupted  to  change  trains. 
n  —  Number  of  cars  per  train. 
c  —  Capacity  of  cars  in  cubic  feet  (place  iiiueasure). 
f  =  Time  to  spot  one  car. 
c'  •=  Capacity  of  cars  in  cubic  feet  (water  measure). 

Values  of  n Values  of  c 

Min.     Avg.    Max.    Min,     Avg.   Max.      f       c' 

Brick  yard  clay 1  1-2  2  54  72  81 

R.  R.  borrow  pits 7  11  15  83.7  126  270  151 

Rock  cuts 7           9  vl2  54  75  97. 2  tsi      188 

Crushed  stone  quarries 1  10  10  108  124  189  «       162 

Earth  and  glacial  drift 10  10-11  13  70  108  141  o       157 

Iron  ore      3           7  12  270  540  675  540 

Sand  and  gravel  pit 1           7  15  67.5  598  891 

General  average  of  e,  n,  c,  f,  c',  as  follows 

No.  of  obs.  Minimum              Average  Maximum 

c                              35  .25  min.              4.00  min.  13. 5  min. 

n                              36  5. 0    cars  10.  (X)  cars  15. 0  cars 

f                                0  0*  0  0 

c                             36  2        yards            4. 00  yards  10. 00  yards 

c'                            27  4        yards            5.00  yards  12. 00  yards 

c/c'                         27  0.5                         0.8                        0.95 

Rg.  7  indicates  the  time  to  load  1  cu.  yd.  place  measure,  in  various  kinds  of 
n>»terial.  Fig.  8  deals  with  the  quantities  e,  average  time  shovel  is  inter- 
Wpted  to  diange  trains.     For  use  in  plotting  the  ejquation  above,  those 
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Flo.  7.— Dianvm  for  use  with  cost  cur 
(Value  erf  27d  abown  grepliicoJly.) 


Fio.  8, — DiigTBin 
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tT«nwe  values  of  e,  n,  e  and  f  InTolred  In  ordinal?  contnctlnc  nork  where 
ride  dump  can  aie  used,  have  been  tabulated  separately  In  Table  X.  It 
wlU  there  be  seen  that  the  average  value  for  e,  the  time  betwem  trains  1b 
4  minutes.  The  average  munber  of  care  per  treiii,  or  n  -  10.  The  com- 
monest torni  of  contractors'  dump  car  la  4  yards  water  measure  or  2.6  yards 
place  measure,  and  therefore  c  Is  taken  as  67  .S  cubic  feet.  The  ordinary 
value  of  f  la  zero,  since  the  cars  ore  almost  Invariably  spotted  while  the  shovel 
Is  swinging  and  digging.    Fig.  e  deals  wltb  the  value  of  M  or  the  working 


Pia.  9.— DUgram  for  use  with  cost  curvee. 

"       "  le  per  day.     Values  of  "M" 

alue  plotted  below  subtract 
Idi  tune  per  day  (generally 

Ume.  Including  actual  shovel  tl 
accidental  delays.  Fig.  10  de 
Tilue  tor  which  is  s  minutes. 

The  cmstants  bavlne  thus  been  eatabllshed,  three  seta  of  curves  bare  been 
plotted.  Figs.  11,  12  and  13,  which  are  coat  curves.  Each  plate  is  plotted, 
wltb  one  of  the  three  values  of  LA  1,600.  3,000  and  0,000  cu.  ft,  (L  being 
the  average  shovel  move,  S  ft.  and  A  Cbe  area  of  the  dug  section  In  sq.  ft.} 
Each  of  these  sets  of  curves  has  been  plotted  for  values  of  M,  ranging  from 
2  bra.  to  10  brs.  by  hourly  intervals  between  which  Intervals  the  observed 
nluea  (see  Table  X)  taU. 

EiUmalina.- — There  are  two  Important  uses  to  wblrh  these  cost  curves  can 
ccovoilCTtly  be  put,  (1)  estimating  the  cost  of  proposed  work  and  (2>  cbeck- 
tag  up  the  cost  of  work  under  way.  In  eatlmatlng  we  may  proceed  as  follows: 
Anumlag  that  the  proposed  work  Is  to  be  a  railroad  cut  in  rock,  with  average 
•qoipmait,  there  are  then  only  three  quantities  to  decide  upon,  namely,  LA, 
ITd.  and  M.    The  area  of  the  shovel  section  being  assumed  at  250  sq.  ft.  and 
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tbe  KTtiBge  distance  of  more  bato;  S  ft.,  LA  wOl  equal  1,1SOO  ca.  ft.  Now 
refer  to  Ftf.  7  and  select  a  fair  value  for  the  time  of  loading  I  cu.  jd.  In  rock 
work.  Suppoae  30  seconds  be  chosen.  Next  leler  to  Fig,  9  for  the  proper 
value  <rf  M  to  use  la  rock  work.  The  average  value  la  S  bre.  (SO  per  cent  of 
10  hrs.).    The  cost  pm  yard  In  centa  can  now  be  read  directly  on  cost  curvee 


Fig.  II.  WIthabBClsaa  (2Td)  as  30  socimds  glance  upward  till  the  vertical  line 
throu^  30  seconds  Intersects  the  8  hr.  M  line.  Then  on  the  left,  opposite 
this  point  of  iateisection  read  BH  cents  as  the  cost  per  cu.  yd.  loaded,  place 
measure. 

It  may  be  not«d  here  that  with  roipect  to  the  two  Important  Items  of  time 
to  load  1  cu.  yd.  with  dipper  and  values  of  M,  the  cn^t  curves  are  perfectly 
flexible.    Variation  in  the  value  ol  the  constants  may  tie  allowed  for  by  proper 
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choice  of  M«  In  connection  witli  the  formula  it  is  interesting  to  note  the  effect 
of  decreasing  the  carrying  capacity  of  each  train,  other  conditions  remaining 
the  same.  Suppose  the  carrying  capacity  be  decreased  from  the  average 
10  X  2.5  yds.  =  25  cu.  yds.  to  8  X  2  =  16  cu.  yds.,  place  measure,  what  would 
be  the  effect  upon  the  cost  per  cu.  yd.  The  new  cost  would  be  10.6  cts.  per 
cu.  yd.  as  against  the  former  9^  cts.,  an  increase  of  10  per  cent. 

To  use  the  cost  curves  for  checking  up  the  cost  of  work  in  progress,  proceed 
as  follows:  The  field  operations  are  few  and  simple.  Find  the  average  time 
per  dipper  swing.  Knowing  the  rated  capacity  of  the  dipper  and  the  charac- 
ter of  the  material,  a  glance  at  the  tabulation  near  the  top  of  Fig.  7  will  give 
the  ratio  of  dipper  capacity  place  measure,  to  dipper  capacity,  water  measure 
and  by  using  this  factor  the  average  factor  of  dipper,  place  measure,  can  be 
obtained,  and  thence  the  time  to  load  1  cu.  ft.  or  yard.  Suppose  for  instance 
the  average  time  per  swing  to  be  25  seconds,  in  earth  material,  and  the  capacity 
of  dipper,  2^  yds.  On  Fig.  7,  under  ratio  of  place  measure:  water  measure, 
we  find  the  average  value  is  given  as  0.53.  Therefore,  2}i  X  0.53  =  1.2  cu. 
yds.  per  swing  or  2.88  cu.  yds.  per  minute  or  0.35  minute  per  cu.  yd.  Make 
some  rough  measurements  to  determine  the  approximate  area  of  the  shovel 
section  and  multiply  this  area  by  the  length  of  move,  and  get  LA,  say  3,000. 
Then,  from  previous  observations  or  by  an  estimate  of  M,  get  the  time  worked 
per  day,  less  accidental  delays,  say  9  hours.  Now  take  the  cost  curves.  Fig. 
12,  and  with  21  as  abscissa,  read  opposite  the  line,  forM  =  9hrs.,  6  cents  as 
the  cost  per  yard,  place  measure.  If  the  contents  in  the  formula  do  not 
agree  close  enough  with  the  actual  conditions,  allow  for  this  by  choosing  a  suit- 
able value  of  M,  or  substitute  directly  in  the  equation  for  cost. 

It  should  be  noted  that  the  above  does  not  include  superintendence  or 
overhead  charges  and  cover  only  the  cost  of  loading.  It  should  be  particularly 
noted  that  for  plotting  the  two  co-ordinates  certain  assumptions  are  neces.sary 
because  there  are  a  large  number  of  variables  in  the  theoretical  steam  shovel 
formula.  Thus,  the  three  plates  are  given — one  for  LA  -  1,600,  one  when 
LA  is  3,000  and  one  where  it  is  6,000.  Also  an  assumption  of  $57.04  for  the 
value  of  C  is  made.  Where  the  shovel  differs  very  much  in  type  from  the 
one  mentioned,  or  where  the  rates  of  wages  are  very  different  from  those 
assumed,  it  will  be  necessary  to  compensate  for  the  difference  between  the 
new  value  of  C,  and  the  one  used  here.  The  easiest  way  to  do  this  is  to 
multiply  the  figures  taken  from  the  diagram  by  the  ratio  between  the  new 
value  of  C  and  the  assumed  one.  Thus,  If  the  shovel  costs  per  day  are  $65 
instead  of  $57.04,  and  the  diagram  should  give  a  cost  for  loading  of  12  cents, 
we  would  have  for  our  charge  12  cents  multiplied  by  $65  and  divided  by 
$57.04  or  13.67  cts.  per  yard. 

The  general  arrangement  of  working  is  a  feature  which  receives  great 
attention  from  skillful  managers;  the  "old  line"  contractor  comes  on  a  job 
and  looks  it  over  from  the  seat  of  his  buggy,  deciding  on  the  ground,  where  he 
will  begin  operations  and  how  he  will  transport  the  material  from  the  shovds. 
The  modern  manager  undertakes  a  job  much  as  a  professor  attacks  a  mathe- 
matical problem.  Sometimes  there  is  only  one  place  to  "cut  in"  and  only 
one  way  to  handle  the  earth  or  rock,  but  generally  there  are  several 
places  to  cut  in  and  many  ways  available  for  handling  the  material.  If  there 
were  only  3  ways — and  there  are  seldom  less  than  23 — he  is  a  bold  man  who 
would  decide  offhand  which  is  unquestionably  the  best  of  the  three,  until 
an  economic  study  has  conclusively  established  the  facts. 

The  quality  and  amount  of  superintendence  will  greatly  affect  the  unit  coste. 
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of  the  work;  and  by  superintendence  is  meant,  not  only  the  man  in  charge, 
but  his  whole  directing  organization.  The  work  in  the  iron  ore  country  is  an 
eoounple  of  the  work  which  may  be  accomplished  in  the  way  of  skilled  organi- 
zation. Pure  observation  alone  without  actual  timing  will  not  show  a  super- 
intendent whether  it  is  more  economical  for  him  to  use  0  car  or  10  car  trains 
to  haul  material  away  from  his  shovel.  He  will  generally  favor  the  use  of 
long  trains  if  his  engines  will  haul  them.  Yet  money  has  been  saved  by 
shortening  trains  even  when  the  engines  could  easily  haul  the  longer  ones.  In 
this  case  the  key  to  the  situation  was  the  time  required  to  dump  and  transport. 


CHAPTER  V 

CONCRETE  CONSTRUCTION 

This  chapter  ia  comprised  of  articles  dealing  with  the  econmnlo  of  pl^n 
and  reinforced  concrete.  In  general.  For  costs  on  particular  tj'pes  of  construc- 
tion the  reader  is  referred  to  chapters  of  this  volume  covering  the  subject  In 
question  &ad  to  the  index  at  the  back  of  the  book.  Further  posts  on  concrete 
construction  may  be  found  in  "Concrete  Conatniction  Methods  and  Coat" 
by  Gillette  and  Hill  and  "  Handbook  of  Cost  Data"  by  GiUstte. 


Fschn  etprcsssd  in  bbls  cernentcuudi.iandgfidfhnt^pefllitnfgn 
£on^  a/rd  thne  foid  peranlarfs  M'n  /-Z-iCfTienf per  oblr  to  aivtiScuft- 


W.  Q.  CrandaU  gives  the  followiii 
Engineering,  Dec.  1919. 

In  the  New  York  Htate  Highway  Department.  Il 
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I.B  bbll.  MUMnt.  0.84  cu.  ji.  stone,  uid  0.43  cu.  yd,  sand  us  the  tactora  to  use 
in  obtiJnlng  the  cubic  yard  price  of  concrete.  Iniumuch  aa  the  percentage  of 
voids  In  tlie  agsi^ates  determineB  the  vaJue  oF  tbe  factors,  aod  a  variation 
In  the  factors  meojis  a  difference  in  the  cubic  yard  cost  of  concrete,  it  would 
Heem  that  a  field  Investigation  of  the  voids  in  the  aggregates  would  warrant 
Itself,  to  determine  whether  or  not  a  contractor  would  increase  or  decrease  his 
bids  on  tlie  engineer's  estimate  of  the  concrete  pavement  by  varylog  the 


SanJ  BnJtlont  dtptndtrrf  en  iartd 


Feelers  tuprtutd in  bill  ctmtnt.aiijili.tanJBfnlthmitptHdtn 
inil  sfem  void ptrttnfogts.  Mix  l-lj  -l.lfl.  amtnt /?ff  btl.  lagrit  fli 


l:l}i:3. 

(actois,  all  other  Iterru  In  the  analysis  being  considered  equal  for  the  purpose 
of  comparison.  Before  working  out  a  comparative  analysi^i  lo  hIiow  In 
dollars  and  cents  what  this  difference  means.  It  is  necessary  to  explain  the 
accompanying  tables  and  curves. 

TatlM  and  Cur.M.— The  tables  show  the  duantitles  In  1  cu.  yd.  of  concrete 
baaed  on  3.S  cu.  It.  cement  per  barrel  tor  proportions  of  1:2:4  and  l:1>i:3,the 
two  mlies  used  by  the  New  York  State  Highway  Department  In  concrete 
pavemmit  cmutmctioti. 

The  purpose  of  theae  tables  is  to  show  at  a  glance  what  proportlorc^  of  coarse 
uid  flue  aggregale  to  use  tor  either  of  the  above  miies,  based  oq  the  void  per- 
centages Id  the  coarse  aggregates.  In  the  tables,  the  sand  voids  range  from 
25%  to  4S%  and  the  stone  vrfdstrom  30%  to  50%  by  Increments  of  5%  and 
14      / 
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the  accompanying  curves  are  used  to  obtain  interpolated  values  of  factors 
when  the  voids  in  either  of  the  coarse  aggregates  vary  from  a  multiple  of  6%. 
The  tables  and  curves  show  also  the  cubic  yard  and  percentage  excess  at 
cement  in  sand  and  mortar  in  concrete. 

Table  I. — Quantitibs  in  one  Cubic  Yard  op  (1:2:4  Mix)  Concreti]  Based 

ON  3.8  Cu.  Ft.  Cement  per  Bbl. 


-Voida- 


-Cement —    Sand    Stone 


-Surplua- 


8and     Stone  BBls.   C.  Y.   C.  Y.   C.  Y. 


Cement  in  sancf— Mortar  in  stone 
%  comp.  %  comp. 

C.  Y.     to  sand     C.  Y.     to  stone 


25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 


30 
30 
30 
30 
30 
35 
35 
35 
35 
35 
40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
50 
50 
50 
50 
50 


1.34 


36 
39 
42 
45 
39 
42 
45 
48 
51 
45 


1.48 


1. 
1. 
1. 
1. 
1. 
1. 
1. 


51 
54 
58 
51 
54 
58 
61 


1.66 
1.58 
1.61 
1.66 
1.69 
1.73 


.189 
.192 
.196 
.200 
.204 
.196 
.200 
.204 
.208 
.213 
.204 
.208 
.213 
.217 
.222 
.213 
.217 
.222 
.227 
.233 
.222 
.227 
.233 
.238 
.244 


.377 
.385 
.392 
.400 
.408 
.392 
.400 
.408 
.417 
.426 
.408 
.417 
.426 
.435 
.444 
.426 
.435 
.444 
.455 
.465 
.444 
.455 
.465 
.476 
.488 


.755 
.768 
.784 
.800 
.816 
.784 
.800 
.816 
.833 
.851 
.816 
.833 
.851 
.870 
.889 
.851 
.870 
.889 
.909 
.930 
.889 
.909 
.930 
.952 
.976 


.095 

.077 

.059 

.040 

.020 

.098 

.080 

.061 

.041 

.021 

.102 

.083 

.064 

,043 

.022 

106 

.087 

,067 

045 

024 

111 

091 

070 

048 

024 


25.2 

20.0 

15.1 

10.0 

4.9 

25.0 

20.0 

15.0 

9.8 

4.9 

25.0 

19.9 

15.0 

9.9 

5.0 

24.9 

20.0 

15.1 

9.9 

5.2 

25.0 

20.0 

15.1 

10.1 

4.9 


.245 
.231 
.216 
.200 
.184 
.216 
.200 
.184 
.167 
.149 
.184 
.167 
.149 
.130 
.111 
.149 
.130 
.111 
.091 
.070 
.111 
.091 
.070 
.048 
.024 


32.5 

30.0 

27.6 

25. 

22. 

27.6 

25.0 

32. 

20. 

17. 

22.5 

20.0 

17.6 

14.0 

12. 

17. 


0 
5 


5 
0 
5 


5 
5 
14.9 


12.5 

10.0 

7.5 

12.5 

10.0 

7.6 

6.0 

2.6 


Table  II. — Quantities  in  One  Cubic  Yard  op  (1:1J^:  3  Mix)  Concrete 

Based  on  3.8  Cu.  Ft.  Cement  Per  Bbl. 


-Surplus 


%  Voids Cement —    Sand    Stone  -Cement  in  sand — Mortar  in  stone 

%  comp.  %  comp 

C.  Y.     to  sand     C.  Y.       to  stone 


Sand     Stone   Bbls.    C.  Y.  C.  Y.   C.  Y. 


25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 


30 
30 
30 
30 
30 
35 
35 
35 
35 
35 
40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
50 
50 
50 
50 
50 


1.68 
1.71 
1.74 
1.78 
1.81 
1.74 
1.78 
1.81 
1.85 
1.88 
1.81 
1.85 
1.88 
1.92 
1.96 
1.88 
1.92 
1.96 
2.00 
2.05 
1.96 
2.00 
2.05 
2.09 
2.14 


.237 
.241 
.245 
.250 
.255 
.245 
.250 
.255 
.260 
.265 
.255 
.260 
.265 
.270 
.276 
.265 
.270 
.276 
.282 
.288 
.276 
.282 
.288 
.294 
.301 


.355 
.361 
.368 
.375 
.382 
.368 
.375 
.382 
.390 
.397 
.382 
.390 
.397 
.405 
.414 
.397 
.405 
.414 
.423 
.432 
.414 
.423 
.432 
.441 
.451 


.710 
.723 
.736 
.750 
.764 
.736 
.750 
.764 
.779 
.795 
.764 
.779 
.795 
.811 
.828 
.795 
.811 
.828 
.845 
.863 
.828 
.845 
.863 
.882 
.902 


.148 
.133 
.116 
.100 
.083 
.153 
.137 
.121 
.104 
.086 
.159 
.143 
.126 
.108 
.090 
.166 
.149 
.131 
.113 
.094 
.172 
.155 
.137 
.118 
.098 


41.7 
36.8 
31.6 
26.7 
21.7 
41.6 
36.5 
31.7 
26.7 
21.7 
41.6 
36.7 
31.7 
26.7 
21.7 
41.8 
36.8 
31.6 
26.7 
21.8 
41.5 
36.6 
31.7 
26.8 
21.7 


.290 
.277 
.264 
.250 
.236 
.264 
.250 
.236 
.221 
.205 
.236 
.221 
.205 
.189 
.172 
.205 
.189 
.172 
.155 
.137 
.172 
.166 
.137 
^118 
.008 


40.8 
38.3 
36.9 
33.3 
30.9 
35.9 
33.3 
30.0 
28.4 
23.8 
30.0 
28.4 
26.8 
23.3 
20.8 
26.8 
23.3 
20.8 
18.3 
16.0 
20.8 
18.3 
16.0 
13.4 
10.0 
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Method  of  Figuring  Quantities. — Following  is  the  method  of  figuring  quan- 
tities in  one  cubic  yard  of  (1 :2:4  mix)  concrete  based  on  3.8  cu.  ft.  cement  per 
barrel. 

Take  for  instance  a  40  %  sand  and  a  45  %  stone 

Mix  1  Void  %  Void  SweU 

2  X  0.40  -  0.8  0.2 

4.x  0.45  -  1.8  0.2 

Stone  Factor  =  4  -j-  (4  +  0 .2  +  0 .2)  =  0.909  cu.  yd. 
Sand  Factor  =  J^  X  0 .909  =  0 .456  cu.  yd. 
Cement  Factor  =  K  X  0.909  -  0.227  cu.  yd. 
Cement  Factor  -  (0 .227  X  27)  -^  3  .8  cu.  ft.  -  1 .61  bbls. 

Method  of  Figuring  Surplus. — Cement  0. 227  cu.  yd. 

0. 182  Voids  in  sand  (0.465  X  40%). 

0.045  Cement  swell. 
0. 455  cu.  yd.  sand. 

0.  500  mortar. 

0.409  Voids  in  stone  (0.909  X  45%). 

0.  091  mortar  swell. 
0.  909  cu.  yds.  stone. 

1,000  cu.  yds.  (check). 

As  stated  above,  the  usual  practice  in  the  New  York  State  Highway  Depart- 
ment is  to  use  in  flgruring  a  1:1V^:3  mix  for  concrete  pavement,  1.9  bbls. 
cement,  0.84  cu.  yd.  stone  and  0.42  cu.  yds.  sand.  While  this  may  be  good 
practice  in  preliminary  estimating  to  disregard  void  percentages  entirely,  still, 
the  same  practice  may  be  followed  in  the  field. 

In  testing  voids  in  stone  and  sand,  especially  the  latter,  there  may  be  a 
vaiiation  of  as  much  as  25%,  depending  on  the  physical  condition  of  the 
aggregate. 

Time  to  Take  Void  Percentages. — Different  void  percentages  may  be  obtained 
from  sand  in  the  bank  and  loose  in  piles,  dry  sand,  sand  containing  different 
d^jees  of  moisture,  dry  sand  shaken  or  tamped,  and  sand  being  treated  with 
water  after  the  sand,  cement  and  stone  is  mixed  together.  Therefore,  especial 
precaution  should  be  taken  by  the  engineer  on  the  road  to  take  void  percent- 
ages at  the  time  directly  previous  to  the  actual  mixing  of  the  ingredients  and 
in  the  physical  state  that  the  coarse  aggregates  exist  directly  previous  to  their 
incorporation  to  form  the  concrete.  These  void  percentages  should  be  taken 
every  day  and  also  when  the  character  of  the  aggregate  would  tend  to  show  a 
variation,  as  when  a  coarse  pocket  of  sand  would  be  evident  in  a  bank  from 
which  a  fine  grade  was  being  taken. " 

After  these  void  i)ercentages  of  sand  and  stone  are  derived  the  factors  enter- 
ing into  the  mbcture  may  be  obtained  at  a  glance  from  the  curve. 

Example  of  Value  of  Void  Determination. — Assume  the  following  analysis 
of  cement  concrete  pavement: 

Cement  Stone  Sand 

F.  O.  B $2. 35     Bin $2.  25     Royalty $1. 25 

TTanHling 08     Haul,  1  ml 45     Wash,  screen. 

Haul.  1  mi 08  Haul,  1  mi 45 

S2.70  

-  $2.51  $1.70 
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For  1:H'-  3  mix  use  1.9  bbls.  cement,  0.84  cu.  yd.  stone  and  0.42  cu.  yd.  sand. 

Cement  $2.51  at  1.9 $  4. 77 

Stone  $2.70  at  0.84 2. 27 

Sand  $1.70  at  0.42 71 

Manipulation 2.  50 

Water  and  joints .30 

$10.  55 

Profit,  20% 2.11 

Waste  and  overhead,  10% ^. .        1 .  06 

$13.  72 
Say  $13.  75 

Suppose  a  contractor  made  a  void  test  of  the  coarse  aggregates  in  the  field 
under  approximately  the  physical  conditions  the  stone  and  sand  would  be, 
when  mixed,  and  determined  a  sand  void  of  35%  and  a  stone  void  of  40%. 
From  the  curve  the  factors  entering  into  the  computation  would  be  cement, 
1.88  bbls.;  sand,  0.397  cu.  yd.;  Stone,  .795  cu.  yd. 

Applying  these  factors  to  the  above  prices  we  have 

Cement  $2.51  at  1.88 $  4. 72 

Stone  $2.70  at  0.795 2. 15 

Sand  $1.70  at  0.397 67 

Manipulation 2.  50 

Water  and  joints .30 

$10.34 

Profit,  20% 2. 07 

Waste  and  overhead,  10% 1. 03 

$13.44 
Say  $13.45 

The  difference  is  .30  per  yd. 

In  a  road  5  miles  long,  18  ft.  wide,  section  6  in.-8  in.-  6  in.,  Parabolic,  the 
number  of  cubic  yards,  10,756,  at  $.30  would  mean  a  saving  of  $3,226.80, 
which  it  seems  would  be  worth  a  preliminary  investigation  before  submitting 
bid  on  a  concrete  pavement. 

Diagram  for  Cost  of  Placing  Steel  Reinforcei^ent. — ^Labor  cost  in  placing 
steel  is  usually  estimated  in  doUars  per  ton,  although  it  is  recognized  that  such 
unit  costs  increase  when  light  steel  is  being  placed.  The  accompanying 
diagram  Fig.  3,  devised  by  Dan  Patch  of  the  Aberthan  Construction  Co.,  and 
published  in  Engineering  Record,  Aug.  26,  1916,  shows  chearly  the  effect  of 
sizes  of  rods  on  the  unit  cost  per  ton. 

Mr.  Patch  says: 

The  unit  costs  are  usually  obtained  by  dividing  the  labor  cost  figured  from  - 
the  time-keeper's  sheets  by  the  tons  of  steel  reported  placed  by  the  quantity 
man.  In  order  to  obtain  data  for  studying  the  effect  of  size  of  bars,  only  od6 
more  item  must  be  recorded — the  total  length  of  bars  placed.  This  is  easily 
done  by  the  use  of  a  listing  adding  machine,  by  which  the  total  running  feet 
of  each  d  i  ameter  of  rods  placed  can  be  obtained .  The  daily  totals  are  tabulated 
in  terms  of  rod  sizes  and  linear  feet  pliiced,  the  total  length  and  total  weight 
computed,  and  the  average  weight  per  running  foot  easily  obtained.  Know- 
ing total  cost  and  total  tonnage,  the  cost  per  ton  is  found,  and  plotted  on  the  ^ 
diagrams  as  shown  in  Fig.  3. 

The  curves  A,  B  and  C,  which  are  drawn  through  the  fields  of  plotted  pointi 
obtained  for  costs  of  placing  in  wall,  columns,  stairs,  etc.,  in  floor  and  rool    •^ 
slabs,  and  of  bending  and  cutting  respectively,  indicate  the  large  effects  Ot    \ 
average  weight  upon  the  cost  of  labor  per  ton.  *  y, 


■i? 
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trgument  In  favor  at  accaimting  For  the  weight  vadable  la 
oeMssary  It  will  be  found  In  the  curvee  of  Fig.  4.  This  diagram  shows  on  a 
lUBOFsc^etbeplottedccntBtor  the  same  kind  of  work,  but  for  different  dates, 
tbe  sWd  growlns  lighter  as  the  roof  is  approached.     Sections  of  the  typical 


AwQOe  ¥fe"^H.  ;n  Fbunds  per  Running  Foot 
Fio.  3. — Chart  tor  cost  ol  reinlorcinc  itecl  biii«l  on  weighl 


curves  of  Fig.  3  to  this  eolarged  scale  are  ^tiown,  the  costH  of  placi 
columns,  etc.  (Curve  A),  giving  the  dearer  Illustration. 

Uii  of  Typical  CnruM,— As  an  example  of  the  value  of  these  curv 
the  flgurae  on  the  work  recorded  in  Fig.  4.  On  Nov.  23  tbe  cost  j 
H.S3.     Br  Jan.  ID  this  cost  had  risen  to  tS.Si  per  ton.     With  tl 
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only  and  no  knowledge  of  the  weight  of  steel  it  would  be  assumed  that  the  work 
was  being  less  efiEiciently  done,  but  with  the  typical  curve  as  a  basis  of  compari- 
son it  will  be  noted  on  Fig.  4  that  while  there  has  been  a  10-per  cent  increase 
in  the  cost  per  ton,  the  typical  cost  curve  A  has  been  more  nearly  approached, 
indicating  the  increased  efficiency  that  can  reasonably  be  expected  as  a  job 
progresses  and  the  men  become  more  accustomed  to  their  work. 

Cost  of  Cement  Bags. — Precise  figures  of  value  of  the  cost  to  users  of  cement 
sacks  are  given  by  L.  C  Wason  in  Engineering  and  Contracting,  Feb.  9,  1916. 
They  are  based  on  exact  records  on  several  jobs  for  which  403,576  bags  of 
cement  werer  received  and  390,458  cement  bags  were  returned  and  credited. 
The  figures  are: 

Bags  lost  or  worthless,  3,586  at  7H  ct $     268.  50 

Bags  lost  or  worthless,  9,538  at  10  ct 953.  80 

Return  freight 725. 06 

Labor,  shalang  and  bundling 1 ,  590. 00 

Wire,  marlin,  etc 66.  50 

Total  loss  and  expense $3, 603. 86 

There  being  100,894  bbl.  of  cement  the  cost  of  bags  to  user  per  barrel  was 
3.6  ct. 

Cost  of  Cleaning  Cement  Sacks  with  Blower. — ^A  method  of  cleaning  cement 
sacks  which  not  only  reduces  the  cost  of  this  work,  but  also  has  resulted  in 
recovering  much  cement,  is  employed  at  the  store  yard  warehouse  of  the 
United  Railways  of  St.  Louis.  The  scheme  is  described  in  the  Electric  Rail- 
way Journal,  from  which  Engineering  and  Contracting,  Sept.  22,  1920, 
*  abstracts  the  following: 

A  No.  5  Buffalo  blower  is  instaUed  overhead  with  the  intake  pipe  extending 
down  to  a  point  about  waist  high.  The  discharge  from  the  blower  is  piped 
a  short  distance  along  the  wall,  where  it  connects  to  a  cyclone  separator.  A 
cement  sack  is  put  over  the  mouth  of  the  intake  pipe.  The  suction  draws  the 
bag  up  into  the  pipe  and  turns  it  inside  out.  The  workman  then  pulls  it  out 
and  again  puts  it  over  the  end  of  the  intake,  which  turns  the  sack  the  other 
way  out  and  sucks  the  cement  from  the  opposite  side.  This  process  leaves  the 
sacks  cleaner  than  it  is  possible  to  get  them  by  hand.  The  cement  recovered 
is  deposited  in  a  sack  attached  to  the  bottom  of  the  cyclone.  By  this  means 
from  one  and  one-half  to  two  sacks  of  cement  are  recovered  per  1,000  sacks 
cleaned.  Two  men  can  clean  2,000  sacks  a  day,  besides  sorting,  counting  and 
bundling  them.  The  cement  recovered  makes  a  credit  to  the  cost  of  handling 
of  about  $2.50  a  day.  The  use  of  this  machine  makes  the  bag  cleaning  not  a 
particularly  undesirable  job,  and  furthermore  largely  overcomes  the  spreading 
of  cement  dust  over  everything  in  the  warehouse. 

Cost  of  Manufacture  of  Sand  Cement. — The  following  is  taken  from  an 
abstract  in  Engineering  and  Contracting,  May  21,  1913,  of  a  discussion  in 
the  Proc.  Am.  Soc.  of  Civil  Engineers,  Vol.  XXXIX,  p.  271,  by  Charles  H. 
Paul. 

The  use  of  sand-cement  in  mass  work,  where  the  requirements  are  enough 
to  justify  the  installation  of  the  necessary  grinding  machinery,  where  suitable 
blending  material  is  available,  and  where  the  transportation  charges  on  Port- 
land cement  amount  to  a  considerable  portion  of  its  cost  laid  down,  will  result 
in  a  marked  saving  in  construction  costs,  and  will  give  a  product  which  is  at 
least  the  equal  of  the  Portland  cement  from  which  it  was  made,  in  fact,  one 
which,  for  ordinary  requirements,  is  not  open  to  the  least  suspicion. 
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In  tbe  construction  of  the  Arrowrock  Dam — by  the  U.-  S.  Reclamation 
Senrice  to  store  the  flood  waters  of  the  Boise  River — about  550,000  cu.  yds.  of 
oofkciete  will  be  laid,  and  the  cost  of  cement  is,  of  necessity,  a  most  important 
item.  The  dam  is  about  22  miles  above  the  city  of  Boise  and  17  miles  above 
fiaiberton,  the  nearest  point  on  the  Oiegon  Short  Line  R.  R.  A  railroad  from 
Baibttton  to  Arrowrock  has  been  built  by  the  United  States  Government, 
over  which  the  freight  rate  on  c^nent  charged  against  the  work  is  23  cts. 
per  barreL  The  conunercial  freight  rate  on  cement  from  Utah  mills  to  Bar- 
bert<»i  is  $1.14  per  barrel,  from  California  points  $2  per  barrel,  and  from  Kan- 
sas points  $2.09  per  barrel,  so  that  the  total  freight  charges  on  cement  to  the 
Anowrock  work  are  from  $1.37  to  $2.32  per  barrel. 

A  sand-cement  plant,  with  a  capacity  of  1,000  bbls.  per  24  hours,  consisting 
of  a  crusher  and  sand  rolls,  rotary  dryer,  ball  mill,  mixing  machine,  and  three 
tube  mills,  all  electrically  operated,  with  the  necessary  bins,  hoppers,  and 
conveying  machinery,  has  been  erected  and  has  been  in  operation  for  about 
2  months.  The  cost  of  this  mill,  complete,  was  about  $46,000,  itemized  as 
follows: 

Excavation $  1 ,  500 

Foundations '. 3 ,  750 

Erection  of  building,  chutes,  etc 8, 150 

Equipment,  including  freight 23,000 

Installation  of  equipment 7 ,  850 

Electrical  work 1 ,  750 

Total $46,000 

The  total  output  of  the  mill  to  date  (February,  1913)  has  been  about  25,000 
bbls.  and  about  20,000  cu.  yds.  of  sand-cement  concrete  have  been  placed  in  the 
dam  up  to  the  present  time. 

A  representative  cast  of  manufacturing'  1  bbl.  of  45  per  cent  by  weight 
blend  of  sand-cement  at  Arrowrock  is  given  in  Table  III  which  includes 
depreciation  on  the  plant  and  installation,  at  a  rate  which  will  wipe  out  the 
total  cost  at  the  time  that  a  total  ouput  of  500,000  bbls.  is  reached.  It  does 
not  include  sacking,  as  most  of  the  sand-cement  will  be  used  in  bulk. 

Table  III. — Cost  op  Manupacturinq  Sand-cement 

Unit  cost  of 
sand-cement 
Items  per  barrel 

Granite  delivered  to  crushers $0. 02 

•  Portland  cement^  including  freight  and  storing 1 .  35 

Handhng  and  storing  Portland  cement 0. 08 

Labor,  operating 0. 10 

Power  and  lights,  including  maintenance,  etc 0.16 

Installation,  depreciation,  supplies,  repairs,  etc 0. 14 

Total  cost $1. 85 

*  Portland  cement  at  $2.36  per  bbl.,  f.  o.  b.     Arrowrock. 

Heating  Concrete  in  the  Drum  with  an  Oil  Burner. — Engineering  and  Con- 
tracting, Jan.  3,  1917,  states  that  a  concrete  mixer  with  Hauck  Oil  Burner 
attached,  designed  and  built  at  the  request  of  several  contractors  engaged  on 
the  subway  in  New  York  City,  gave  the  following  results  in  the  winter  work  of 
1916: 

cu.  yd.  batch  heated  to  50° F.  in  2  minutes 
cu.  yd.  batch  heated  to  60°F.  in  3  minutes 
cu.  yd.  batch  heated  to  80°F.  in  4  minutes 
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The  heater  uses  fuel  oil  or  kerosene  and  is  made  in  two  types.  The  com- 
pressed air  type  is  equipped  with  a  25-gal.  oil  storage  tank  and  air  regulating 
valves,  filling  pipe  with  plug  and  full  union.  The  approximate  oil  consump- 
tion is  IH  gal.  per  hour. 

The  other  type  of  heater  is  designed  for  use  where  compressed  air  is  not 
available.  It  consists  of  a  20^gal.  oil  storage  tank  equipped  inside  with  a 
powerful  hand  pump.  The  tank  can  be  placed  on  the  ground  or  on  the  engi- 
neer's platform.  It  is  necessary  for  operating  this  vaporizing  tsrpe  of  burner 
to  carry  oil  pressure  from  12  to  75  lb.,  which  is  obtained  from  the  hand  pump 
placed  inside  the  tank  and  which  requires  about  90  seconds  of  pumping  to 
obtain  the  above  mentioned  pressure.  No  air  from  the  tank  is  necessary  for 
vaporizing  the  kerosene  in  the  burner  and  pressure  is  only  used  for  forcing 
the  oil  to  the  burner.  The  burner  is  attached  to  a  steel  pipe,  oval  shaped  at 
the  lower  end  and  bent  so  that  flame  shoots  diagonally  into  the  mixer.  It  is 
fastened  to  the  frame  of  the  mixer. 

Additional  Cost  of  Concreting  in  Winter. —  In  constructing  ore  dock  No.  2 
of  the  Duluth  &  Iron  Range  R.  R.  at  Two  Harbors,  Minn.,  the  Engineering 
News- Record,  Aug.  9,  1917,  states  that  an  item  of  interest  in  connection  with 
the  winter  concrete  work  on  the  deck  slab  was  the  extra  cost  of  this  over 
concrete  placed  in  more  favorable  weather.  Aside  from  the  initial  delay  due 
to  very  severe  cold,  no  unfavorable  conditions  were  encountered.  When 
started,  the  concreting  progressed  at  the  maximum  rate,  very  smoothly  and 
with  an  unusually  efficient  crew  of  men.  Yet  the  extra  cost  amounted  to 
about  $2.50  per  yd.  This  was  due  chiefly  to  the  cost  of  the  housing,  the 
fuel  and  boiler-plant  attendants  increased  concrete  labor  cost  due  to  de- 
creased production,  cost  of  moving  housing  and  cost  of  canvas.  This  is  not 
considered  excessive  in  view  of  the  results  achieved. 

The  heating  plant  consisted  o{  a  40-hp.  return-tubular  boiler  and  two 
water  tanks  installed  on  a  flat-car.  One  tank  was  for  the  boiler  feed  and  the 
other,  heated  by  steam,  for  hot-water  supply  for  the  concrete  mixer.  A 
locomotive  tender  delivered  water  to  the  tanks  by  means  of  a  steam 
ejector.  A  steam  connection  was  made  to  the  mixer  drum  to  inject  live 
steam  there. 

With  this  equipment  it  was  possible  to  turn  out  concrete  heated  to  almost 
any  temperature  desired.  If  concrete  Is  too  hot,  however,  it  will  set  up  badly 
in  the' mixer,  clogging  this  rapidly,  and  will  also  cause  checking  in  the  finished 
slab  work.  The  contractors  consider  90  to  100°  about  as  warm  as  it  is 
desirable  to  go. 

Although  a  comparatively  thin  concrete  slab  on  top  of  a  high  structure 
extending  into  Lake  Superior  would  not  seem  a  very  favorable  place  for 
cold-weather  concrete  work,  there  were  several  advantages  for  this  work. 
The  bottoms,  fronts  and  dividing  walls  of  the  pockets  were  all  in  place,  thus 
shutting  off  the  under  side  of  the  slab  very  effectually.  The  dock  was  pro- 
vided with  the  four  railway  tracks,  and  there  was  also  a  substantial  steel 
raiUng  on  each  side  of  the  dock.  These  points  were  all  used  to  assist  in  housing 
in  the  deck-slab  work. 

The  housing,  70  ft.  wide  and  75  ft.  long,  was  mounted  on  4  wooden  ore 
cars.  The  roof  and  ends  of  the  house  were  made  of  1-in.  boards  covered  with 
tar  paper,  the  sides  being  closed  with  canvas.  Steam  coils  were  built  com- 
pletely around  the  sides  of  the  house  and  connected  to  the  boiler  car. 

A  move  of  72  ft.  could  be  made  in  5  min.  after  the  canvas  was  loosened  at 
the  bottom.    With  weather  varjing  from  zero  upward,  it  was  found  entirely 
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feasible  to  put  in  the  deck-slab  concrete.  With  weather  much  below  zero 
it  was  not  found  advisable  to  handle  that  class  of  work. 

An  Inezpensiye  Metliod  for  Testing  the  Strength  of  a  Reinforced  Concrete 
Floor  Slab. — The  following  abstract,  of  an  article  by  C.  H.  Weitz  in  the 
"  Purdue  Engineering  Review,"  is  taken,  from  Engin^ring  and  Contracting, 
Jan.  17,  1912. 

A  number  of  materials  have  been  tried  out  for  loading  floors  to  be  tested ; 
such  as  pig  iron,  nibble  stone,  and  bags  of  cement,  gravel  or  sand.  Where 
cartage  charges  and  wag^  are  high,  the  cost  of  a  single  test,  using  any  of  the 
above  materials,  will  run  from  $200  to  as  high  as  $700.  The  latter  figure  may 
look  very  high,  but  a  little  figuring  will  show  that  the  amount  is  not  excessive 
or  unusual.  In  the  first  place  two  slabs  which  measure  18  X  20  ft.  each,  live 
load  250  lbs.  per  sq.  ft.,  will  require  about  200  tons  of  material  for  the  test 
load.     Cartage  on  this  material  to  and  from  the  job  will  cost 

Per  ton $1.00 

Unloading  and  hoisting 1 .  50 

Taking  down  and  reloading 1 .  00 

Total  cost  per  ton $3.  50 

This  makes  a  total  of  $700  for  handling  the  200  tons  of  material  and  is  a 
very  low  estimate  of  the  cost  where  laborer's  wages  are  $3  per  day,  hoisting 
engineers  get  $5.60  and  teams  cost  $7  per  day. 

It  was  while  casting  about  for  some  cheaper  method  for  making  these  tests 
that  the  writer  hit  upon  the  use  of  torx>edo  sand  in  the  bulk.  Damp  torpedo 
sand  weighs  about  110  lbs.  per  cubic  foot  as  it  is  shoveled  into  a  bin  or  pile. 
A  2-in.  plank  enclosure  was  built  on  the  center  line  of  columns,  enclosing 
floor  panels.  The  height  of  this  enclosure  in  feet  was  just  Ko  of  the  hundreds 
of  poimds  per  square  foot  of  the  test  load.  For  instance,  a  test  load  of  400  lbs. 
per  square  foot  requires  a  bin  3  ft.  7  ins.  high. 

The  sand  can  be  loaded  into  wheelbarrows  and  hoisted  on  a  brick  hoist,  or, 
more  cheaply,  in  a  concrete  skip;  or,  still  more  cheaply,  if  conditions  permit' 
by  means  of  a  bucket  elevator.  The  sand  should  be  hoisted  first  to  the  highest 
floor  to  be  tested,  thrown  into  the  bin  and  leveled  off  even  with  the  sides  of  the 
bin  with  a  straight  edge.  The  cost  of  hoisting  the  sand  by  the  first  method 
will  run  about  75  cts.  per  ton;  by  the  second  method  30  cts.  per  ton;  and,  by 
the  third  method  15  cts.  per  ton.  These  prices  include  placing  the  sand  in 
the  bin  provided  it  is  located  within  30  ft.  of  the  place  where  the  sand  is 
delivered  by  the  hoisting  apparatus.  There  is  usually  one  or  more  of  the 
above  mentioned  hoisting  mechanisms  available  on  a  job,  so  that  it  is  unnec- 
essary to  erect  a  hoist  especially  for  testing  purposes. 

As  soon  as  one  floor  is  tested  and  the  load  is  wanted  on  a  lower  floor,  it  is  not 
necessary  to  lower  the  sand  by  means  of  a  hoist  or  to  carry  it  down  a  stairway 
as  is  the  case  when  pig  iron,  rubble,  or  ballast  in  bags  is  used.  Instead,  all 
that  is  needed  is  to  cut  a  small  hole  in  the  slab  from  beneath  and  let  the  sand 
run  through.     The  hole  can  then  be  patched  at  slight  expense. 

When  as  many  tests  are  made  as  is  required  the  sand  may  be  dropped  down 
a  stair  or  elevator  shaft,  through  a  window,  or  down  a  rubbish  chute  directly 
into  wagons.  However,  there  are  usually  a  number  of  things  remaining 
to  be  done,  such  as  basement  floors,  sidewalks,  etc.,  for  which  a  quantity  of 
torpedo  sand  is  needed  so  that  it  is  seldom  necessary  to  remove  any  of  the 
sand  from  the  premises. 

On  a  recwit  job  about  150  tons  of  sand  were  hoisted  by  means  of  a  bucket 
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elevator  to  the  third  floor  and  spouted  through  a  window  on  to  the  floor. 
This  sand  was  then  shoveled  into  a  bin  covering  two  panels  to  the  required 
depth.  The  load  was  allowed  to  remain  24  hours  for  the  city  inspector  to 
make  his  observations.  A  hole  was  then  cut  in  the  slab  and  the  sand  allowed 
to  run  down  to  the  sepond  floor  where  a  bin  had  been  prepared.  After  the 
test  of  the  second  floor  the  sand  was  dropped  to  the  ground  and  was  all  used  for 
cinder  concrete  and  for  the  first  floor  which  was  laid  directly  on  the  ground. 
The  entire  cost  of  these  two  tests,  which  involved  the  handling  of  150  tons  of 
material  three  times,  was  slightly  less  than  $50. 


FiQ.  5. — How  to  admit  -air  to  pneumatic  concrete  mixec. 

Operating  Cost  of  Concrete  Mixer  Reduced  by  Electric  Motor. — Engineer- 
ing and  Contracting,  May  2,  1917,  gives  the  following: 

By  attaching  an  electric  motor  to  a  concrete  mixer  Ryberg  Bros.,  contracts 
ors,  Salt  Lake  City,  Utah,  effected  an  economy  in  the  first  month's  operations 
amounting  to  more  than  the  cost  of  the  motor.  The  contractor  had  a  Ran- 
some  10-cu.  ft.  batch  load  mixer  with  a  steam  engine  and  boiler.  The  motor 
was  mounted  on  timbers  extending  across  the  bed  frame  of  the  mixer  and  was 
connected  by  a  belt  to  the  flywheel  of  the  engine,  the  piston  rod  and  eccentric 
of  the  latter  being  disconnected  from  the  crankshaft.  The  boiler  was  removed. 
The  motor  cost  $65,  and  its  installation  and  other  work  cost  $6.  The  operat- 
ing cost  by  electricity  for  a  25-day  month,  with  the  mixer  averaging  60  cu.  yd. 
per  8-hour  day,  was  $45.  When  operating  by  steam,  with  coal  at  $1  per  day 
and  engineer  at  $3.50  per  day,  the  cost  was  $112.50  per  month. 

Operation  of  Pneumatic  Mixers. — H.  A.  Leeuw  gives  the  following  discus- 
sion and  data  in  Engineering  Record,  Oct.  9,  1915. 

Proper  application  of  an  ample  supply  of  compressed  air  has  overcome 
clogging  in  the  conveying  pipe  in  placing  concrete  by  the  pneumatic  method. 
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This  dogging  has  been  the  most  serious  drawback  to  the  use  of  this  method  for 
mixing  and  placing  concrete,  which  has  developed  until  concrete  has  been 
placed  at  a  distance  of  2,800  ft.  at  the  Mile  Rock  tunnel  in  San  Francisco,  and 
raised  to  a  height  of  60  ft.  in  building  piers  for  a  bridge  at  MagnoUa,  W.  Va. 

Owing  to  the  way  in  which  different  aggregates  behave  in  feeding  into  the 
conveying  pipe,  the  air  has  to  be  supplied  differently  for  stone  and  gravel. 
The  illustration  shows  a  cross-section  of  the  mixer  and  inlet  pipes,  which  are 
designated  by  X  and  Y.  To  illustrate  the  above  statement,  when  gravel  is 
used,  it  has  been  found  that  it  was  necessary  to  admit  air  only  through  the 
inlet  marked  F,  as  an  application  through  both  would  cause  the  material  to 
feed  too  fast  into  the  conveying  pipe,  and  would  result  in  a  clogged  pipe. 
When  stone  is  used,  however,  it  is  necessary  to  apply  the  air  through  both 
inlets.  If  only  the  inlet  Y  is  used,  the  material  will  arch  and  then  suddenly 
all  down  to  the  discharge  pipe,  causing  it  to  clog. 

It  is  very  important  to  have  a  sufficient  volume  of  air  to  carry  the  concrete 
through  the  delivery  pipe  to  the  forms.  When  this  has  not  been  properly 
taken  care  of,  the  concrete  will  drop  in  the  delivery  pipe  and  the  next  batch 
will  stick  on  this  and  clog  the  pipe.  The  tendency  has  been  to  under-estimate 
the  number  of  cubic  feet  of  free  air  per  minute  required.  The  following  table 
shows  the  result  of  three  years  of  study  and  practical  experience.  Present 
satisfactory  installations  are  proving  the  correctness  of  these  figures. 

Cubic  Yards  of  Concrbtb  Per  Hour,  Mdcer  Capacity  H  Cu.  Yd. 

Length  of  horizontal  discharge 

Actual  amount  of  compressed       100         300         400         600         800       1.000 
air  required.     Cu.  ft.  of  free.       Lin.        Lin.        Lin.        Lin.        Lin.        Lin. 
air  per  minute  ft.  ft.  ft.  ft.  ft.  ft. 

600 20  15  10         

800 30  20  18  12  6  .. 

1,200 40  30  25  20  12  8 

It  has  been  found  that  the  character  of  the  sand  plays  a  more  important 
part,  with  reference  to  the  speed  with  which  the  mixture  is  carried  through  the 
pipe,  than  does  that  of  the  stone  or  gravel.  A  sharrp.  clean  sand  will  require 
less  air  to  move  concrete  mixed  with  it  than  one  in  which  the  percentage  of 
loam  or  oxide  of  iron  is  high. 

It  has  also  been  found  that  a  pressure  of  90  lb.  per  square  inch  gives  the 
best  results.  This  pressure,  expanding  into  a  6  or  8-in.  pipe,  depending  on 
the  sAze  ot  stone  or  gravel  used,  is  reduced  to  a  pressure  averaging  about  25  lb. 

Hose  at  Delivery  End  Reduces  Kick. — This  high  pressure  has  presented  an 
obstacle  to  be  overcome,  as  the  delivery  end  must  be  securely  fastened  to  take 
care  of  the  kick  resulting  from  this  pressure.  After  considerable  experi- 
menting, it  has  been  found  that  a  hose,  the  lining  of  which  is  made  of  pure 
rubber  to  withstand  the  wear,  and  reinforced  to  take  care  of  the  thrust,  when 
connected  a  short  distance  from  the  delivery  end,  acts  as  a  shock-absorber. 
and  allows  the  discharge  end  to  be  handled,  so  that  the  concrete  is  not  all 
deposited  in  one  place,  but  may  be  distributed  in  even  layers. 

The  mixture  of  the  concrete  placed  in  this  way  has  been  found  to  be  as 
perfect  as  that  delivered  by  any  of  the  mechanical  mixers  on  the  market. 
When,  however,  the  voliune  of  compressed  air  falls  below  the  amount  required. 
as  shown  in  the  table,'  the  mixture  shows  a  tendency  toward  segregation. 

The  pneumatic  method  is  well  adapted  to  tunnel  lining,  as  it  is  possible 
to  secure  an  Increase  of  at  least  50  per  cent  in  speed  with  a  corresponding 
decrease  in  labor.  Accurate  cost  data  are  difficult  to  get,  but  the  following 
lepresents  the  average  case: 
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Tbe  usual  labor  ci«w  confilata  of  di  men  for  an  outfit  which  la  pladnf 
concrete  at  tbe  rate  of  100  cu.  yd.  In  a  10-hr.  day. 

PUciBs  ConcTelc  in  WnU  and  Dam  of  Water  Suppler  Reserralr  at  Montreal 
by  Compreased  Air  Hethod. — EDElneeriug  and  Contracting,  Feb,  10,  ISIB, 
givea  the  following: 

Fig,  B  shows  the  arrangement  of  material  handling  plant  employed  in 
plodng  the  concrete  in  tlie  wuli^  and  dam  of  the  new  reservdr  of  the  Montnal 


compreBsed  air  method. 

Water  and  Power  Co.  by  the  compressed  ulr  (Muc  Micbeal)  method.  The 
cement  used  was  unloaded  from  trolle;  cars  on  the  track  as  abown.  The 
aacka  were  unloaded  by  hand  and  were  placed  in  the  chute  which  carried  tbem 
to  the  cement  storage  slied.  A  abort  siding  on  a  trestle  carded  the  aggregate 
paat  the  cement  abed.  Tbe  crushed  stone  was  dumped  directly  Into  the 
storage  bin,  over  tbe  mJxer,  Irom  side-dump  cars.  The  capacity  of  this  bin 
was  80  and  of  tbe  cars  6  cu.  yda,,  respectively.  The  sand  was  sboreted  tsota 
boxcars  Into  an  auxiliary  bin,  at  one  aide  of  the  pneumatic  ndxer,  of  a  capacity 
of  500  cu.  yds.  The  SO-cu.  yd.  working  sand  bin,  over  the  mixer,  was  gravlt; 
fed  from  the  auxiliary  sand  bin  mentioned.  Tbe  sliding  gatea,  hand  operated, 
regulated  tbe  discharge  of  stone  and  sand  into  the  proper  compartmsits  of  the 
measuring  hopper  shown.  Cement  was  gravity  fed  from  its  storage  shed  into 
the  atooB  compartment  of  the  hopper.  Water  was  appUed  to  the  contents  of 
the  hopper  as  they  were  discharged  Into  the  mixer. 

Tlie  discharge  pipe  from  the  mixer  extended  to  tbe  forma  and  varied  In 
length  from  time  to  time.  This  was  an  8-in.  ateel  pipe  provided  with  flange 
Joints  of  a  special  design  to  facilitate  adding  or  removing  Bectlone.  Tbe  mixed 
concrete  was  diachargdl  directly  Into  the  form^  from  the  end  of  the  conveytng 
pipe  or  from  a  boot  at  the  end  of  tbe  pipe.  At  bends  the  pipe  line  was  BnnI; 
secured  to  resist  tbe  side  thrust  produced  by  tbe  inertia  Of  the  heavy  movliig 
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mass  of  concrete.  The  sections  were  poured  in  three  lifts  of  15.  30  and  37 
ft.,  respectively.  The  mftximum  length  of  discharge  pipe  was  dOO  ft.,  which 
included  the  37-ft.  ft.  In  this  line  the  total  curvature  aggregated  4(M)^.  At 
this  distance  pauses  were  necessary  between  the  discharge  of  successive 
batches  to  allow  the  air  receiver  to  fill  suflaciently.  The  wall  was  poured  in 
alternate  sections  containing  about  30  cu.  yds.  and  this  necessitated  many 
shifts  of  forms  and  discharge  piping  thus  delaying  the  work.  Concrete  was 
placed  by  the  method  described  in  zero  weather  without  difficulty,  the  aggre- 
gate being  heated. 

Table  IV. — Data  on  Placing  Concrete  in  Dam  of  Montreal  Reservoir 

BT  Compressed  Air  Method 
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*  Includes  pipe  repairs  and  minor  changotj. 

Concreting  Dam. — Table  IV  gives  a  suimnary  of  the  progress  of  the  work 
in  concreting  the  dam  of  the  reservoir.  Work  was  carried  on  in  day  and  night 
shifts.  In  the  work  on  the  dam  there  were  54  shiftH  to  place  8,122  cu.  yds., 
or  150  cu.  ydSi  per  shift.  The  cost  of  labor  on  the  day  shift  averaged  910 
and  on  the  night  shift  $27,  or  an  average  of  $23  i^er  shift.  Thus  the  labor  c(Mt 
was  15H  cts.  per  cubic  yard  of  concrete  placefl;  the  corresponding  figure  for 
power  was  4.7  cts.  per  cubic  yard.  The  average  gang  consiHted  of  six  men 
charging  the  mixer,  including  the  operator,  an  extra  r«rnent  wheeler,  a  foreman 
and  from  two  to  eight  men  on  ttie  pipe  and  forms.  1'lie  liest  day's  nm  was  436 
cu.  yds.  in  7H  hours.  On  this  run  the  cost  of  labor  iter  cubic  yard  was  6. 1 
cts.  and  the  cost  of  power  was  1 .6  cts. 

Concreting  Wail. — The  wall  contained  2,600  cu.  yds.  ami  was  [Kiurerl  In  26 
shifts.  The  average  dafly  cost  for  lalxjr  was  $17.50  and  for  power  $7.  'i'hls 
gave  a  cost  for  labor  and  power  <jf  24)^  cts.  iier  cubic  yard.  The  average 
gang  cm  the  wall  concreting  consisted  of  two  men  handling  cement*  three 
handling  aggregate,  one  mixer  operator,  one  water  man.  one  frireman  an/1  one 
to  three  men  on  forms  and  pipe  line,  'i'he  di.Htan/;e  transfKtrterl  ranged  frorrt 
100  to  600  ft.  All  wall  crmcrete  was  lifter]  40  ft.  Pouring  was  ar.-tuallv  In 
progress  50  per  cent  of  the  time. 

Plant. — The  compressor  used  was  a  W,  Ji.  2  .Sullivan,  Hteam  driven.  705  cu 
ft.  machine.  There  woe  l.UtO  ft.  of  6-in.  air  pif^e  l>etween  the'  cjmiprttmttr 
and  the  mixer.  There  were  two  air  reftfAvum.  one  r/f  ]r^)  ^nj.  ft.  capa/rity  at 
the  compressor  and  one  of  '/}  cu.  ft.  caj^a/rity  at  the  mixer  'J  Uh  fjnnitremtfr 
was  run  frmn  the  hai\en  of  the  stone  fminYunte  plant  and  tlie  c^M  fA  hteam  wa^ 
prorated  to  the  dllfefent  engines  ftn  the  l/a*l«<  ^/f  the  horne-fx/wer  f*9i\M\T«:f\ 
Under  this  arrangement  the  p^/^er  cMt  for  tlie  *'/rtfi\tr«9VviiT  \fttr  nhift  wa*i  $7. 

Labor  S«vfiflg  E^viyaeat  for  Depositinc  ConcttUi.-  -'Hie  1fA\frwUt$[  data 
ire  taken  from  an  artfde  in  V.n$^itfiHTiri$i  Mkf'jud,  Jan    27.  1^17,  by  W    V 
AndflfBoii. 
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The  object  of  the  two  installations  considered  was  to  reduce  the  number  of 
common  laborers  required  by  doing  away  with  all  hand  shoveling,  charging  the 
mixers  by  gravity  and  decreasing  the  amount  of  labor  needed  in  handling  the 
chutes  used  to  place  concrete  directly  in  the  forms.  At  the  plant  of  the  Ubiko 
Milling  Company  this  was  accompUshed  by  dumping  the  cars  of  concrete 
materials  into  a  small  bin  under  the  track,  from  which  a  bucket  elevator 
carried  them  to  overhead  storage  bins  feeding  the  mixer  by  gravity.  Both 
sand  and  gravel  were  dumped  into  the  track  pit,  the  material  being  deflected 
at  the  top  of  the  elevator  into  the  sand  or  gravel  compartment  of  the  bins,  as 
the  case  might  be,  by  a  gate  between  the  bins. 

At  the  East  Side  High  School  the  concrete  materials  were  imloaded  from 
railway  cars  to  overhead  bins  or  into  reserve  storage  piles  by  a  derrick  with  a 
clamshell  bucket.  Stone  and  sand  were  drawn  from  the  bins  into  a  smaU 
measuring  car  with  two  marked  compartments  which  ran  along  an  elevated 
track  in  front  of  the  bins  and  dumped  directly  into  the  charging  hopper  of  the 
mixer.  The  cement  at  this  plant  was  unloaded  and  handled  on  gravity  roUers, 
and  the  form  lumber,  tile  and  other  materials  were  unloaded  in  the  same  way. 

Movable  Hoppers  on  Concrete  Towers. — At  both  plants  the  concrete,  after 
being  mixed,  was  hoisted  to  movable  hoppers,  which  could  be  set  at  any 
desired  height  on  the  tower,  and  thus  spouted  to  place.  The  main  tower  at 
the  East  Side  High  School  plant  was  provided  with  two  hoppers  so  that  con- 
crete could  be  spouted  alternately  for  long  and  short  distances  without  materi- 
ally changing  the  rigging  of  the  chutes.  The  amount  of  rigging  required  at 
this  plant  was  further  reduced  by  having  drop  chutes  set  in  the  main  chute 
lines  at  convenient  points.  At  both  plants,  the  first  length  were  supported 
from  spUt  booms.  The  upper  chute  line  for  the  high-school  buildings,  how- 
ever, which  remained  fixed  during  most  of  the  work,  was  hung  from  a  guy 
cable  between  the  main  tower  and  a  centrally  located  tail  tower.  For  support- 
ing the  lengths  of  chute  within  the  lines  of  the  buildings,  tripods  mounted  on 
iron  wheels  about  30  in.  in  diameter  were  used.  The  large  diameter  of  these 
wheels  made  it  possible  to  roll  the  chutes  around  over  reinforcing  steel  already 
in  place,  or  on  the  forms  or  finished  surface,  with  little  labor.  In  addition  to 
the  wheeled  towers  a  low  "bicycle"  frame  on  two  similar  whe^  was  used  to 
carry  the  delivery  end  of  the  chute  line  at  the  Ubiko  plant. 

Table  V. — Labor  .Cost  op  Concreting 

—Ubiko  Plant- 
Ware-  East  Side 
Mill  hoiise  High  School 

Installing  and  wrecking  equipment $0. 426  $0. 426  $0. 350 

Unloading  sand,  cement  and  gravel 265  .  265  .  171 

Mixing  concrete 272  .  20i4  .  263 

Hoisting  and   placing   concrete   and   handling 

chutes 340  .356  .  475 

Cleaning  up,  care  of  sacks,  and  miscellaneous ...        .  176  .  140  .  040 

Protection  on  account  of  winter  work 003     

Labor  cost  per  cubic  yard 1. 482  1. 391  1. 299 

Total  yardage 2267  907  •4661 

*  Partial  yardage;  work  not  yet  completed. 

The  labor  costs  given  in  Table  V  were  realized  with  common  labor  at  25 
to  30  cents  per  hour  on  the  Ubiko  job,  most  of  the  men  receiving  the  lower  rate, 
and  at  an  average  of  28.5  cents  per  hour  on  the  high-school  job.  The  yardage 
indicated  in  the  table  so  far  placed  at  the  high-school  job  is  considwably  below 
the  total  quantity  of  concrete  required;  but  as  the  total  yardage  has  been 
considered  in  estimating  the  cost  for  installing  and  wrecking  the  equipment 


CONCRETE  CONSTRUCTION  223 

and  for  deaning  up  and  miscellaneous  work,  it  is  expected  that  the  unit 
figures  given  will  prove  approximately  correct  at  the  close  of  the  work.  It  is 
interesting  to  note  that  with  the  higher  unit  cost  for  installation  on  the  smaller 
contract  a  lower  cost  for  mixing  and  placing  concrete  was  realized.  The 
figures  make  it  appear  also  that  the  grab-bucket  rig  has  a  considerable 
advantage  over  the  bucket  conveyor.  It  must  be  considered,  however,  that 
it  was  not  always  possible  to  secure  materials  in  bottom-dump  cars.  More- 
over, the  design  of  the  conveyor  in  this  plant  proved  faulty,  and  a  heavier  one 
is  now  in  use  on  the  second  contract. 

Labor  Costs  on  Foundation  Work,  Using  Portable  Plant — The  following 
data,  published  in  Engineering  and  Contracting,  July  5,  1911,  are  given  in  a 
table  appended  to  a  paper  by  Victor  Windett,  presented  to  the  Western 
Society  of  Engineers  on  June  7th,  1911. 

A  portable  concrete  mixing  and  conveying  plant,  which  was  used  by  the 
Great  Lakes  Dredge  A  Dock  Co.  on  foundation  work  for  a  blast  furnace  plant 
near  Chicago,  is  built  on  a  platform  20  ft.  square  which  is  mounted  on  rollers. 
On  the  platform  a  75  h.p.  horizontal  boiler  is  mounted  which  furnishes  steam 
for  the  operation  of  the  Ransome  mixer  and  Lidgerwood  hoist.  The  1-yd. 
mixer  is  placed  near  the  rear  of  the  platform  and  a  hopper  bin  is  erected  above 
It,  which  has  a  capacity  of  10  cu.  yds.  of  stone  and  5  cu.  yds.  of  sand. 
The  bins  were  filled  from  cars  on  a  parallel  track,  by  means  of  a  locomotive 
crane  and  clamshell  bucket.  Storage  is  provided  for  500  bags  of  cement  on  the 
platform  at  one  side  of  the  mixer.  The  material  from  the  storage  bins  is 
dumped  into  a  1  yd.  batch  hopper.  From  the  mixer  the  concrete  is  delivered 
to  a  Ransome  tower  bucket  which  is  raised  75  ft.  and  delivered  into  the 
chute.  The  chute  consists  of  a  12-in.  galvanized  pipe,  supported  by  two 
80  ft.  booms.  From  the  ends  of  the  booms  lines  run  to  equidistant  points  on 
the  chute  thus  supporting  it  uniformly  and  keeping  it  in  a  straight  line.  The 
booms  are  swung  horizontally  over  the  work  by  hand.  The  lower  60  ft.  of 
pipe  is  made  in  movable  lengths  of  8  ft.  The  plant  itself  is  pulled  along  on 
its  rollers  by  attaching  a  line  to  a  deadman  and  talung  it  in  on  the  hoist. 

The  concrete  work  consisted  of  foundations  for  power  house  and  blast 
furnace  buildings.  The  work  was  started  in  1910  and  continued  through  the 
winter  and  spring  of  191 1.  * 

Table  VI  gives  data  on  6  different  operations  in  connection  with  this  work 
designated  as  A,  B,  C.  etc.  The  total  work  done  amounted  to  36, 146  cu.  yds. 
of  concrete.  The  labor  costs  given  include  the  placing  of  500,000  lbs.  of 
steel  reinforcement  or  about  14  lbs.  per  cu.  yd.  of  concrete  also  the  labor  for 
erecting  and  dismantling  the  plant  for  handling  the  concrete. 

The  rate  of  wages  paid  averaged  $0,344  per  man  per  hour  including  the 

entire  force  employed. 

Table  VI", — Data  on  CoNCBETiNa  Foundations 

General 
A  B  C  D  E  F  average 

Sq.  ft.  of  forms  per  cu.  yd . . .  7.57  9.74  12.8  14.2       6.1  8.69       9.0 

8q.  ft.  surface,  without  forms  8. 54  16. 1  14. 4 14.  7     13. 0 

Total  days  worked 110  79  75  17         24  70         376 

Actual  concreting  time,  days.  88  57  36  14         20  62         277 

Total  hibor-days  of  9  hours..  5.020  3,977  2,310  922  1,290  3,900  17,419 
Cu.  yds.  of  concrete  per  day 

(total  time) 98.5  128  49.6  72       139  100  96.5 

Cu.  yds.  of  concrete  per  day 

(cone,  time) 123  172  103.5  87.5  167.5  113         130 

Labor  days  per  cu.  yd 0. 46  0. 40  0.  62  0.  75     0.  39  0.  56     0. 482 

Labor  ooet  pw cu.  yd.,  dollars     1.43     1.24     1.92  2.32     1.21  1.74     1.49 
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A.The  work  on  the  blast  furnace  building  was  massive  concrete  work 
the  blast  foundations  consisting  of  concrete  slabs  50  X  70  ft.  square,  and 
having  a  firebrick  core  averaging  23  ft.  in  diameter.  There  were  10,809  cu. 
yds.  of  concrete  placed  at  a  complete  labor  cost  as  given  above: 

B.  The  work  on  the  hot  blast  stove  and  boiler  foundations  was 
massive  work,  including  10,064  cu.  yds.  of  concrete  placed  during  the 
summer. 

C.  The  power  house  foundations  consisting  of  light  piers,  floors  and  some 
massive  piers,  including  in  all  some  3,733  cu.  yds.,  were  placed.  This  work 
was  done  in  the  winter. 

D.  The  casting  machine  building  foundations  were  built  in  the  spring. 
These  consisted  of  light  piers  and  walls  amounting  in  all  to  1,225  cu.  yds. 
This  concrete  contained  no  reinforcement. 

E.  The  work  on  the  wharf  consisted  of  3,344  cu.  yds.  of  concrete  in  massive 
work.  Two  rows  of  piles  were  capped  with  concrete  forming  a  base  for  the 
walls  supporting  the  rails  of  the  unloading  crane.  This  work  was  done  in  the 
winter  and  early  spring. 

F.  The  construction  of  the  piers  for  the  steel  trestle  consisted  of  moderately 
heavy  work  amounting  in  all  to  6,971  cu.  yds.  of  concrete.  The  work  was 
done  in  the  winter  and  the  chuting  system  was  not  used.  Instead  the  concrete 
was  delivered  in  hand  pushed  Koppel  cars  of  1  cu.  yd.  capacity. 

Wear  of  Pipe  and  Trough  Conveyors  for  Concrete  and  Concrete  Mate- 
rials.— The  following  is  taken  from  Engineering  and  Contracting,  March 
17,  1916. 

In  lining  pressure  tunnels  on  the  Catsktll  Aqueduct  concrete  materials 
were  in  several  places  fed  down  shafts  through  steel  pipe  to  mixers  at  the 
bottom.  In  one  case  an  8-in.  pipe  was  used  and  in  another  case  a  15-in. 
spiraly  rivited  steel  pipe.  In  both  cases  excessive  wear  put  pipe  delivery  out 
of  competition  as  an  economic  means  of  conveying  concrete  aggregates  great 
vertical  distances.  Incidentally  clogging  occurred  so  frequently  that,  putting 
excessive  wear  aside,  pipe  chutes  were  a  failure. 

On  recent  tunnel  work  in  San  Francisco,  placing  concrete  lining  by  pneu- 
matic mixer  and  conveyor,  very  interesting  studies  of  pipe  wear  are  reported. 
An  8-in.  steel  piilb  was  used  for  conveying  and  16-cu.  ft.  charges  were  forced 
through  the  pipe  under  120  lbs.  air  pressure  with  v^ocities  at  75  to  100  ft. 
per  second.  On  level  straight  lines  ordinary  8-in.  flanged  connection  steel 
pipe  not  quite  new  had  a  life  of  about  6,000  cu.  yds.  of  concrete  conveyed. 
The  same  pipe  on  an  upgrade  of  7  per  cent  wore  through  flrst  on  the  top. 
Threaded  connections  proved  least  durable;  the  thinning  of  the  section  by 
threading  resulted  in  rapid  cutting  through  at  the  joints.  At  bends,  4-ft. 
radius,  H-in-  steel  pipe  cut  through  in  instances  in  12  hours  continuous 
conveying  and  averaged  only  60  hours  life. 

Records  of  gravity  conveying  of  concrete  in  open  trough  inclined  chutes 
may  be  summarized  about  as  follows:  No.  14  gage  blue  annealed  steel  open 
trough  chutes  have  in  instances  cut  through  small  holes  with  1,500  cu.  yds. 
of  concrete  conveyed,  and  there  are  recorded  instances  of  such  chutes  having 
carried  20,000  cu.  yds.  without  wearing  holes. 

The  examples  selected,  it  must  be  remembered,  are  purposely  examples  ol 
failures.  They  are  chosen  to  show  the  worst  results  likely  to  be  experienced 
in  wear  of  pipe  and  trough  conveyors.  Ordinarily  the  contractor  will  not 
experience  anything  like  such  adverse  conditions.  Were  this  not  true  these 
conveying  methods  would  never  have  attained  the  extensive  use  that  they 
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haye.  When  ezceasiye  wear  occurs  the  records,  though  they  are  un- 
fortunately very  meager,  indicate  that  it  occurs  because  of  exceptional 
circumstances. 

As  indicated  by  the  example  cited,  pipe  line  wear  is  greatest  at  bends,  at 
thin  spots  like  threaded  joints  and  on  up-grades.  Trough  chutes  cut  through 
first  at  dents  or  bumps  or  where  there  are  "soft  spots"  in  the  rolled  plate. 
Again  the  character  of  the  aggregates  affects  greatly  the  rate  of  wear.  For 
example  pit  run  gravel  will  cause  least  wear,  broken  stone  causes  more  rapid 
wear,  and  slag  causes  extrem^y  rapid  wear.  Velocity  of  travel  of  the  con- 
cr^e  is  another  factor  of  importance.  Driving  a  batch  of  concrete  through  a 
closed  pipe  under  crowding  pressure  at  a  speed  of  over  a  mile  a  minute  is  a 
severe  abrasive  action  for  any  steel  to  resist.  The  wonder  is  that  the  destruc- 
tion is  so  small  as  it  is.  Speed  and  pressure  of  flow  increase  materially  the 
rate  of  wear  of  pipes  and  chutes. 

The  causes  named  for  excessive  wear  indicate  the  possible  remedies.  At 
bends  in  pipe  lines,  for  example,  elbow  sections  of  special  pipe  may  be  used. 
Cast  manganese  steel  bends  were  finally  adopted  on  the  San  Francisco  tunnel 
work  previously  named  and  despite  their  greater  expense  proved  more 
economical  than  ordinary  steel  elbows.  It  might  even  be  economical  when 
long  use  is  expected  to  adopt  alloy  steel  or  special  steel  pipe  for  the  line  as  a 
whole.  Another  remedy  is  a  special  joint  construction,  one  which  will  not 
produce  a  thin  spot  or  an  irregularity  which  will  intensify  the  wear 
locally.  • 

Open  trough  chutes,  inclined  so  that  flow  is  by  gravity,  present  a  diiterent 
problem.  Good  uniform  quality  ste^  plate  shaped  smooth  and  kept  undls- 
torted  by  denting  or  buckling  is  the  first  requisite.  Where  this  will  not 
serve,  resort  to  interlining  or  to  alloy  steels  is  probably  the  only  solution 
unless  change  is  possible  to  a  smoother  aggregate  or  to  reduced  chuting  speeds. 
Inquiry  of  one  of  the  leading  makers  of  concrete  chutes,  brings  out  data  on 
relining  chutes  which  contractors  will  be  interested  in  noting. 

For  the  ordinary  job  the  relined  chute  is  not  advisable  because  of  the 
increased  w^ht.  The  standard  untrussed  unlined  chute  of  No.  14  steel 
weighs  from  20  to  30  lbs.  per  lineal  foot  so  that  the  ordinary  30-ft.  section 
weighs  about  450  lbs.  A  50-ft.  trussed  section  without  lining  weighs  905  lbs. 
These  weights  are  about  as  great  as  the  contractor  can  handle  well.  No.  14 
bottom  liner  plates  12  ins.  wide  add  about  3>^  lbs.  per  lineal  foot  or  165  lbs. 
to  a  50-ft.  section.  Taking  into  account  all  the  factors  causing  wear  it  is 
probable  that  a  lined  chute  will  wear  three  times  as  long  as  one  without 
lining.  Also  rained  chutes  are  less  liable  to  become  dented  and  if  the 
plates  contain  soft  spots  they  are  not  likely  to  coincide  in  locations. 
For  work  of  considerable  volume  lined  chutes  are  practically  always 
advantageous. 

Depositing  Concrete  in  Bags  Under  Water. — H.  R.  Ferriss  gives  the  follow- 
ing data  in  Engineering  and  Contracting,  Feb.  10,  1915. 

A  20-in.  cast  iron  outfall.  Fig.  7,  was  laid  from  a  point  on  shore  to  a  dis- 
tance oi  720  ft.  out  from  shore,  at  which  point  the  end  was  in  18  ft.  depth  and  a 
swift  off  shore  current.  The  outfall  follows  a  channel  between  high  rock 
reefs,  and  the  pipe  for  its  entire  distance — with  the  exception  of  120  ft.  of  the 
outfall  end — ^is  laid  in  a  ditch  dredged  in  clean  sand.  At  the  outfall  end,  the 
floOT  of  the  sea  falls  away  somewhat  faster  than  the  grade  of  the  pipe,  an<l 
advantage  fs  taken  of  this  to  hold  the  end  of  the  pipe  line  off  the  floor 
of  the  aea.  It  was  considered  advisable  by  the  engineer  in  charge  to  rest 
16 
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the  pipe  on  concrete  deposited  in  bags,  and  the  outennost  end,  owing  to  the 
swift  current  and  heavy  winter  storms,  is  heavily  anchored  with  concrete 
in  bags. 

A  1:3:6  mixture  was  used.  A  scow  was  anchored  near  the  outfall  end,  and 
aboard  it  the  concrete  was  mixed  and  sacked  dry.  The  sacks  of  concrete 
were  then  lowered  in  a  sling,  and  placed  one  at  a  time,  by  the  diver,  who 
afterwards  ripped  them  open  with  a  knife  as  placed.  The  concrete  showed  no 
sign  of  setting  up  for  two  days.  After  the  seventh  day  it  was  fairly  well 
bonded.  It. is  now,  after  one  year,  a  fairly  good  mass  of  concrete,  which 
shows  no  damage,  either  from  the  swift  current  or  from  storms,  from  whose 
action,  except  the  fiercest,  however,  it  is  probably  protected  by  its  depth. 
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Concrete  in  BagS''^''''^f 
Fia.  7. — Anchorage  of  concrete  in  bags  for  submerged  outfall. 


It  will  be  noted  that  the  costs  of  labor  only  are  given,  and  they  depend 
considerably  on  locality  and  weather,  which  in  this  instance  was  exceptionally 
fine.  The  costs  of  materials  are  easily  ascertained  for  any  locality.  The 
costs  for  the  use  of  scows,  engines,  etc.,  will  depend  entirely  on  locality  and 
weather  conditions.  The  amount  of  concrete  deposited  was  80  cu.  yds.  and 
cost  as  follows : 

Per 

Sacking  and  mixing  concrete:  Total  cu.  yd. 

Foreman,  19  hrs.  at  35  cts %    6.  65  $0. 082 

Labor.  400  hrs.  at  30  eta 120. 00  1.  600 

Placing: 

Diver,  120  hrs.  at  $1.00 120. 00  1. 500 

Tender,  120  hrs.  at  $0.50 60. 00  0. 750 

Compressor  eng.,  60  hrs.  at  $0.40 24. 00  0. 300 

Labor,  250  hrs.  at  $0.30 75. 00  0. 938 


Total $405. 65  $5. 070 

Labor  Cost  of  Forms  for  Reinforced  Concrete  Construction. — In  a  paper 
read  before  the  American  Concrete  Institute,  Feb.  14,  1916  and  abstracted  in 
Engineering  and  Contracting,  Mar.  1,  1916,  Sandford  E.  Thompson  gives 
the  following: 

In  reinforced  concrete  construction,  the  greatest  discrepancy  lies  in  the  cost 
of  forms.  It  is  here  that  the  contractor  and  also  the  engineer  are  apt  to  be 
fooled,  unless  either  they  are  well  provided  with  unit  costs  or  else  have  handled 
work  previously  of  an  identical  nature. 

To  illustrate  the  variations  in  labor  costs  of  different  members  in  form  con- 
struction, Table  VII  presents  a  few  values  selected  from  "  Concrete  CostB"  by 
Taylor  and  Thompson. 
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Tabls  VII. — ^Labob  Costs  of  Fobms  fob  Columns,  Bxams,  Gibdbbs,  and 

Slabs 

Costs  include  10%  for  foreman  and  15%  for  superintendence,  contingencies,  etc., 
but  do  not  include  profit  or  home  office  expense.  Carpenter  labor,  50o  per 
hour;  ordinary  labor,  25o  per  hour.     Material,  1-in.  lumber. 

Place 
and  re- 
place and      move  Remake, 
remove        form  place 
form,            after  and  re- 
Make         first              first          move 
Sise                                                               form          time           time  form 

12-Foot  Columns — ^Labor  Cost  per  Member,  Iron  Clamps 

8-in.  by8-in $1.16  $4.68  $3.77  $5.53 

16-in.  by  16-in 1.46  5.45  4.40  6.16 

24-in.  by  24- in 1.80  6.20  5.14  6.86 

36-in.  by  36-in 2.61  7.64  6.33  8.14 

20-Foot  Beams — Labor  Cost  per  Member,  Size  Measured  Below  Slab 

4-in.  by8-in $0.92  $2.42  $1.97  $2.79 

6-in.  by  12-in 1.09  2.75  2.31  3.23 

8-in.  by  16-in 1.26  2.99  2.59  3.64 

12-in.  by  24-in 1.75  3.41  3.09  4.29 

20-Foot  Girders — Labor  Cost  per  Member,  One  Intersecting  Beam 

8-in.  by  16-in $1.38         $3.27         $2.75         $4.31 

12-in.  by  24-in 1.  82  3. 86  3.  20  6. 02 

Labor  Cost  of  Slab  Forms* 

Per  100  square  feet  of  slab  surface ....      $  .  81         $2.  53         $1. 90         $2. 06 

•  Based  on  slab  built  two  panels  per  bay. 
For  inexperienced  builders,  increase  costs  33H  %  • 
For  special  design,  add  10%  to  50%  to  "Make  Forms." 
If  no  mill  saw  on  job,  add  50%  to  "Make  Forms." 
If  old  lumber  is  used,  add  75%  to  100%  to  "Make  Forms." 
For  rectangular  columns,  select  values  for  square  columns  having  the  larger 
dimension  of  the  rectangle. 

For  wall  columns,  add  50%  to  all  except  "Make  Forms." 

Design  and  Costs  of  hiding  Forms  for  a  Reinforced  Concrete  Grain  Storage 
House. — The  following  data  were  published  in  Engineering  and  Contracting, 
Oct.  20,  1915,  by  Wm.  Wren  Hay  and  refer  to  the  design,  construction  and 
costs  of  the  sliding  forms  for  a  large  reinforced  concrete  grain  storage  house 
located  in  Western  Canada.  The  detailed  costs  of  these  forms  were  compiled 
in  the  field  while  the  forms  were  under  construction  and  were  checked  from 
the  final  costs  after  the  concrete  was  placed  and  after  the  accounting  had  been 
totaled.  The  costs  are  the  result  of  daily  observations  as  to  labor  and  mater- 
ials in  use,  these  costs  being  derived  In  part  from  the  reports  turned  in  by  the 
foremen  and  in  part  by  personal  check  of  the  amount  of  work  completed  each 
day.  They  were  obtained  for  the  purpose  of  checking  the  work  against  the 
contractor's  estimate  of  cost,  and  were  also  used  as  a  guide  for  the  time  of 
completion  of  the  job,  as  all  work  was  conducted  on  a  rigid  schedule  to  insure 
against  delay  in  any  part  of  it. 

In  estimating  for  such  construction  it  Is  customary  to  figure  the  actual 
contact  surface  at  so  much  per  square  foot,  and  to  figure  the  fiooring  over  the 
bins,  the  yokes,  the  jacking,  and  the  maintenance  of  the  forms  while  being 
lifted,  together  with  their  removal,  each  as  a  separate  item.  The  cost  data 
given  will  therefore  be  grouped  In  this  manner.  It  is  evident  that  the  form 
suiface  is  a  function  of  the  lineal  feet  of  bin  walls,  and  that  the  number  of 
yokes  will  vary  in  a  similar  manner,  although  influenced  by  the  contact  of 
the  bin  arrangement.    The  flooring  will  vary  as  the  area  of  the  bins,  whfle  the 
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jacking  and  the  maintenance  aie  further  influenced  by  the  height  of  the  bins 
The  item  of  removal  depends  largely  upon  the  bin  arrangement  and  the  story 
overhead,  from  which  are  hung  the  blocks  used  for  hoisting. 

Design  Features  of  Bins. — The  bins  cover  an  area  of  11,850  sq.  ft.,  their 
width  being  74  ft.  4  ins.  and  their  length  158  ft.  4  ins.,  mcluding  a  projecting 
stairway  and  elevator  tower  12  ft.  wide  by  17  ft.  10  ins.  long.  The  bins  proper 
consist  of  50  circular  tanks,  each  13  ft.  m  inside  diameter,  arranged  in  five 
rows  spaced  15  ft.  6  ins.  on  centers  by  ten  rows  spaced  16  ft.  on  centers,  form- 
ing 23  inner  bins  and  13  leg  openings.  The  exterior  walls  are  run  straight 
through  tangent  to  the  circular  bins,  these  forming  26  additional  outer  bins 
The  bins  are  70  ft.  m  height,  with  a  nominal  capacity  of  500,000  bushels.  The 
bin  walls  are  all  6  ins.  thick.  The  contacts  of  the  circular  tanks  across  the 
structure  were  widened  out,  and  upon  them  rest  the  columns  which  support  the 
floors  of  the  cupola  above.  Lengthwise  of  the  bins  the  tanks  are  connected 
by  6-in.  contact  walls,  each  2  ft.  long,  except  where  the  elevating  legs  run 
between  the  pairs  of  tanks.  This  arrangement  of  bins  is  that  commonly  used 
for  houses  of  this  type  where  there  is  an  additional  storage  annex. 

Forms. — In  general,  the  forms  consisted  of  segments  mftde  up  of  2-in.  planks, 
spaced  28  ins.  vertically,  to  which  were  nailed  1-in.  sheathing.  The  large 
circular  forms  were  braced  by  means  of  H-in.  rods  bolted  through  the  upper 
and  lower  segments  at  an  inclination  of  45°,  forming  a  truss  arrangement  which 
effectually  prevented  distortion.  The  skeleton  forms  were  placed  on  the  bta- 
bottom  girders,  being  nested  together  to  form  the  6-m.  wall  space.  The 
yokes  were  then  straddled  across  the  opening.  As  fast  as  the  floor  was  laid 
over  the  forms  the  latter  were  cut  through  at  certain  lines  to  provide  slip 
joints,  and  were  then  tied  horizontally  by  timbers  bolted  across  the  wall  space 
on  each  side  of  the  joints,  by  means  of  toggles  at  the  cuts  in  the  segments 
and  by  the  rods  bolted  from  one  yoke  to  another  across  the  cut.  These 
jomts  divided  the  entire  area  into  eight  sections  of  six  tanks  each  and  one  sec- 
tion consisting  of  two  tanks  and  the  tower.  They  were  provided  for  the  pur- 
pose of  enabling  each  section  to  be  adjusted  for  levels  independent  of  the 
others,  but  the  experience  on  tills  work  did  not  seem  to  justify  fully  the  addi- 
tional expense. 

Plant  for  Constrttctino  Forms  and  Procedure. — The  plant  used  in  constructing 
the  forms  was  centered  in  a  large  carpenter  shop,  48  ft.  wide  by  72  ft.  long,  ia 
which  were  set  two  combination,  gasoline-driven  saw  rigs,  with  24-in.  gage 
industrial  tracks  for  handling  the  lumber  m  and  out  of  the  shed.  The  lumber 
was  routed  from  the  trackage,  where  it  was  unloaded  from  the  cars  into  the 
shops  for  cutting,  and  out  on  the  opposite  side  onto  a  large,  open-air  platform, 
upon  which  the  segments  were  nailed  on  templates  and  the  sheeting  erected. 
All  of  the  segments  were  cut  to  shape  on  these  saw  rigs,  and  all  of  the  sheathing 
boards  were  also  cut  to  length  on  them.  This  work  was  done  some  time  in 
advance  of  the  actual  operation  of  sheathing,  and  the  s^ments  were  also 
nailed  ready  for  the  boards,  in  advance.  The  sheeting  was  actually  com- 
menced 20  working  days  before  the  forms  were  needed  for  concreting.  To 
maintain  the  necessary  schedule,  and  yet  not  crowd  the  carpenters,  a  curve 
of  parabolic  form  was  drawn  through  the  points  representing  the  first  three 
days'  unit  progress,  this  curve  terminating  in  the  day  specified  for  the  total 
area  to  be  sheeted.  By  accounting  for  the  area  sheeted  during  each  five- 
hour  period,  and  plotting  the  points,  a  very  close  account  was  kept 
of  the  progress.  As  a  result  the  last  segments  were  being  covered  whoa  th^ 
first  completed  forms  were  started  up  to  the  \op  of  the  girders. 
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Detailed.  CoaU  of  the  Forms. — The  following  data  give  the  unit  costs,  in  the 
yard,  of  the  forms,  as  determined  from  day  to  day: 

CoBt  per  sq. 
ft.  of  con- 
Item  tact  surface 

Carpenter  labor 7. $0. 089 

Superintendent 0. 013 

Bolts,  etc.,  including  labor 0. 010 

Oiling  forms,  total 0. 002 

Lumber 0. 061 

Total $0. 175 

The  observed  rates  of  labor  were  as  follows: 

Time 
Item  Labor  force        required 

Cutting  segments.  27,500  ft.  B.  M |    \  fabSJS-^'^     }  ^^  ^^^^ 

NaiUng  segments 3  labre™*'"*     ^^  ^'y- 

Sheathing  segments.  18,200  sq.  ft |  ^§  laborers*'^^  }  ^^  ^^^^ 

The  carpenters  were  paid  50  cts.  per  hour  and  the  laborers  30  cts.  per  hour, 
working  10  hours  per  day.  There  was  a  total  of  5,150  iin.  ft.  of  bin  wall,  and 
the  staves  were  48  ins.  in  length.  The  actual  contact  area  was  20,600  sq.  ft. 
Of  this  amount  only  18,200  sq.  ft.  were  built  in  the  yard,  the  remainder  for 
the  exterior  perimeter  of  the  storage  house  being  cut  and  framed  on  the  floor 
during  erection.  In  the  totals  con.sidered  later,  this  contact  area  of  20,600  sq. 
ft.  is  used. 

The  lumber  for  the  sheathing  was  a  special  1  x  4-in.  tongue-and-groove 

pine,  with  the  grooved  edge  beveled  slightly  for  the  circular  forms.     Its  cost 

was  $28  per  M.    The  cost  of  the  common  lumber  varied  from  $17.50  to  $22 

per  M,  depending  upon  the  size.    There  was  a  total  of  about  11  ft.  B.  M.  per 

square  foot  of  building  used  in  these  forms,  divided  as  follows: 

Ft.  B.  M. 

Segments 2,2 

Staves 1.1 

Flooring 3.  3 

Miscellaneous,  including  gallery,  staging,  timber  for  joints,  etc.  4.  4 

Oiling. — The  form  surface  in  contact  with  the  concrete  was  oiled  with  two 
coats  of  light  oil.  There  was  no  trouble  whatever  due  to  sticking  or  swelling, 
as  the  oil  penetrated  to  a  considerable  depth  and  prevented  the  entrance  of 
water.  A  paraffin  oN,  from  which  the  small  residue  of  kerosene  remaining 
after  "freezing"  had  not  been  removed,  was  used.  This  oil  cost  22  cts.  per 
gallon  in  barrel  lots.  One  gallon  of  oil  covered  160  sq.  ft.,  two  coats,  one  man 
applying  it  at  the  rate  of  from  350  to  400  sq.  ft.  per  hour. 

Yokes. — The  yokes  used  on  the  forms  were  constructed  of  timber,  the  legs 
being  6  X  8-in.  pieces,  8  ft.  long.  The  jacks,  which  were  of  the  pump  type, 
were  seated  on  two  6  X  6-in.  pieces,  through  which  ran  the  lyi-in.  jacking 
rod.  The  head  piece  was  a  3  X  8-in.  timber.  Double  ^^-in.  bolts  were  run 
across  the  top  and  middle,  and  the  forms  were  hung  from  the  yokes  by  means 
of  ^-in.  rods  through  both  segments  and  the  jack  seat.  Each  yoke  contained 
about  86  ft.  B.  M.  of  lumber  and  25  lbs.  of  bolts  and  iron,  and  cost  slightly 
over  $5  in  place.  There  were  used  on  this  set  of  forms  244  yokes.  In  general, 
there  were  four  yokes  to  each  circular  tank.  Where  the  joints  occurred  a  yoke 
was  placed  on  each  side  of  the  joint. 
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The  joints  were  made  by  overlapping  pieces  of  2  X  6-in.  timbers  where  the 
face  of  the  form  was  cut,  the  opening  being  covered  with  a  piece  of  tin.  The 
s^rmeuts  were  held  together  by  a  toggle  joint,  consisting  of  a  short  section  of 
IH-in.  pipe  running  through  four  steel  plates  bolted  to  both  segments,  on 
each  side  of  the  cut.  .There  were  80  of  these  joints,  the  cost  of  each  being 
about  $12,  of  which  $4.50  was  for  materials  and  $7.50  for  labor. 

Total  Costs  of  Formwork. — The  following  are  the  final  costs  as  returned  for 
tfie  various  items  discussed : 

Forms,  labor  only:  Per  sq,  ft. 

Carpenter  shop  and  yard $2, 112  or  lOH  cts. 

Placing,  including  floor 1 ,439  or    7      cts. 

Materials,  incl.  iron,  etc 1 ,470  or    7K  cts. 

Total $5,021  or  24fi  cts. 

Maintenance,  leveling,  repairing,  etc $     667 

Yokes,  including  setting  jacks,  bolts,  plates,  etc 1 ,220 

Joints,  including  timbers,  bolts,  plates,  etc 960 

Total,  no  removal $7,868 

Estimated  cost  to  remove 500 

Total  cost  of  forms $8, 368 

There  were  54K  cu.  yds.  of  concrete  per  vertical  foot  of  the  bins.  This 
concrete  was  placed  at  the  rate  of  10  cu.  yds.  per  hour,  in  17H  days  of  20 
hours  each,  requiring  a  vertical  movement  of  3  ft.  9H  ins.  per  day.  The  cost 
of  the  jacking  gang  was  about  $100  per  day,  with  labor  at  30  cts.  per  hour. 
The  cost  of  placing  and  finishing  the  concrete  walls  was  $1.00  per  cubic  yard, 
plus  an  overhead  charge  of  30  cts.  per  cubic  yard,  or  a  total  of  $1.30  per  cubic 
yard.  It  cost  about  $10  per  ton  to  place  the  H-in.  rods  used  for  reinforcing 
and  contacts,  plus  $6.50  per  ton  for  handling  in  the  yard,  or  a  total  of  $16.50 
per  ton. 

Movable  Wall  Forms  Give  Low  Cost. — Fig.  8  indicates  the  type  of  forms 
employed  in  building  two  heavy  concrete  waUs  aggregating  some  1,250  cu.ft. 
at  Lock  9  on  the  New  York  State  Barge  Canal.  The  following  costs,  for  this 
work,  are  taken  from  an  article  in  Engineering  and  Contracting,  Sept.  21, 1910. 

The  labor  of  building  each  form  required  3  days'  time  for  6  carpenters. 
Two  straight  forms  were  built  and  one  curved  form.  The  cost  of  these, 
including  labor  and  material  used,  was  $525.00.  Spruce  dressed  lumber  was 
used,  at  $23  per  M.  ft.  B.  M.  The  labor  of  moving  was  accomplished  by  6 
men,  including  the  foreman,  in  from  4  to  6  hours.  This  labor  completed  the 
moving  and  lining-up  ready  for  concrete.  The  rate  of  wages  for  these  men  and 
cost  of  moving  were  as  follows: 

6  hrs. — Foreman  at  $3.52  per  8-hour  day $  2.  64 

6  hrs. — 2  men  at  $3.20  per  8-hour  day 4. 80 

6  hrs. — 2  men  at  $2.40  per  8-hour  day 3.  60 

6  hrs. — 1  man  at  $2.00  per  8-hour  day 1.  50 

Total  cost  of  knocking  down  and  setting  up $12. 54 

The  cost  per  cubic  yard  of  forms  and  the  setting  up  for  the  entire  work  may 

be  estimated  as  follows: 

Cost  of  material  and  building  of  3  40  ft.  forms $525. 00 

36  setups  at  $12.54 451. 44 

Total $976.44 

Total  cu.  yds.  -|-  neatwork 4 ,  370 

Cost  per  cu.  yd.  concrete $0. 22 
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This  is  a  very  small  cost,  And  it  may  be  noted  also,  that  the  forms  on  comple- 
tion of  the  work  were  in  a  very  good  condition  and  might  have  been  used  for 
three  times  as  much  wall  as  was  built. 

This  method  may  be  used  to  best  advantage,  where  walls  are  parallel  and 
dose  together,  by  placing  the  mixer  at  one  end,  working  both  walls  forward  at 
one  time,  and  using  one  form  on  ea>ch  wall.  On  a  single  wall  the  mixer  should 
be  set  in  the  center  and  the  work  carried  from  this  point  in  both  directions. 
This  type  of  form  for  long  walls  secures  the  maximum  use  of  forms  with  the 
minimum  amount  of  movement  and  knocking  down,  and  gives  the  proper 
sequence  of  form  setting  and  placing  concrete,  using  the  average  day's  work 
of  8  hours  to  the  best  advantage. 

Comparative  Cost  of  Finishing  Concrete  Surfaces  by  Various  Methods. — 
The  report,  given  by  the  Committee  on  Masonry  at  the  1917  convention  of  the 
American  Railway  Engineering  Association,  contained  some  cost  figures 
on  various  methods  of  surface  finish  for  concrete.  The  following  notes 
published  in  Engineering  and  Contracting,  March  28,  1917,  were  taken  from 
the  February  Bulletin  of  the  Association. 

The  color  of  untreated  surfaces  and  of  rubbed  surfaces  is  due  almost 
entirely  to  the  cement  used.  With  the  other  methods  of  treatment  the  color 
and  appearance  depend  largely  upon  the  aggregates  and  by  proper  selection 
and  combination  of  these  a  variety  of  effects  may  be  obtained.  The  coarser 
the  aggregate,  the  coarser  will  be  the  texture  of  the  finished  surface.  The 
smaller  and  more  uniform  the  aggr^ate,  the  more  closely  will  the  surface 
resemble  natural  stone.  A  mixture  of  crushed  stone  and  gravel,  because  of  the 
contrast  between  the  angular  surfaces  of  the  stone  and  the  round  smoother 
surfaces  of  the  gravel,  gives  a  more  varied  effect  than  either  alone.  Pleasing 
effects  can  be  produced  by  using  marble  chips  or  other  colored  aggregate. 

It  is  the  general  experience  that  all  treated  surfaces  darken  in  time  and  in 
many  cases  begin  to  lose  their  neat  appearance  as  soon  as  finished.  A  fruitful 
cause  of  unsightly  discolorations  is  water  seeping  through  the  seam  between 
two  layers  of  concrete  not  deposited  consecutively,  and  many  otherwise  fine 
appearing  surfaces  have  been  marred  on  this  account. 

The  use  of  special  finishes  is  comparatively  new  among  railroads  and  their 
wearing  qualities  therefore  have  not  yet  been  fully  determined.  Rubbed 
finishes  of  the  various  kinds  seem  to  have  been  most  commonly  used,  and  a 
number  of  roads  report  neat  appearing  surfaces  in  good  condition  after  3  to  8 
and  in  one  instance  15  years.  These  are  about  equally  divided  between 
cement  bricks,  carbonmdum  bricks  and  wooden  floats.  One  road  of  large 
experience  obtains  the  best  results  by  rubbing  first  with  wooden  floats  and 
then  with  carbonmdum  bricks,  surfaces  thus  treated  being  very  satisfactory 
in  condition  and  appearance  after  6  years. 

Tooled  surfaces  are  reported  as  showing  absolutely  no  signs  of  deterioration 
after  6  years.     Other  roads  report  the  same  condition  after  4  years'  service. 

The  following  information  in  regard  to  costs  has  been  received: 

Graixd  Truck:  Ct.  per  sq.  ft. 

Bush-hammering,  250  sq.  ft.,  1:2>^:5  gravel  concrete,  wages  $4  per 

day 7. 2 

Rubbing,  city  arch,  3,900  sq.  yd.,  wages  26>^  ct.  per  hour 5 

Kanawha  &  Michigan: 

Rubbing  with  cement  brick 4 

Rubbing  until  all  form  marks  removed 6 

Long  Island: 

Rubbed  surfaces IH  to  2 

Tooled  surfaces 2^6  to  3 
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Ikliohigan  Central: 

Rubbing  with  carborundum  bricks: 

1,610  sq.  ft.  abutment  surface 1,6 

1 ,005  sq.  ft.  pier  surface 2. 6 

4,200  sq.  ft.  abutment  surface 2. 8 

4 ,  600  sq.  ft.  pier  surface 1.1 

Average 1.9 

New  York  Central: 

Rubbing  with  wooden  floats  and  carborundum  bricks: 

Varied  from 2W  to  6H 

Average 4H  to  5H 

New  York,  Chicago  &  St.  Louis: 

Bush-hammering,  1,960  sq.  ft 11. 76 

Bush-hammenng,  5,000  sq.  ft 9. 61 

Bush-hammering,  8,280  sq.  ft 10. 84 

Bush-hammering,  3,420  sq.  ft 6. 21 

Rubbing  wood  floats,  6,250  sq.  ft 0. 57 

Paneled  posts,  complete,  per  sq.  yd $19. 19 

Philadelphia  &  Reading: 

Bush-nammering . . .  , 7 

Seaboard  Air  Line: 

Scrubbing 5.5 

The  Pennsylvania  Lines  west  of  Pittsburgh,  Northwest  System,  treated 
several  small  areas  of  surface  for  the  purpose  of  observing  the  effect  and  give 
the  following  results: 

(1)  Tooth-Axed:  Area  18.5  sq.  ft.     "  Made  a  fairly  good  finish." 

(2)  Six-Point,  Bush-Hammered:  Area  16  sq.  ft.  "A  very  nice  finish,  but  a 
little  too  fine." 

(3)  Four-Point,  Bush-Hanmiered:  Area  15.4  sq.  ft.  "A  very  good  finish, 
perhaps  the  best." 

(4)  Beam-Hammered:  Area  15.4  sq.  ft.     "Very  much  the  same  as  No.  1." 

(5)  Crandled:  10-lb.  hammer,  area  16.2  sq.  ft.  "Very  much  the  same 
appearance  at  Nos.  1  and  4." 

All  were  done  by  the  stonecutter  by  hand  at  a  cost  of  22  to  26  cents  per 
square  foot. 

The  conclusions  were  as  follows: 

1.  For  all  work  not  requiring  decorative  treatment,  spaded  finish  is  rec- 
ommended as  the  most  durable,  the  most  readily  applied  and  the  most 
economical. 

2.  Coating  with  a  wash  of  cement  is  not  recommended. 

3.  Rubbing  with  carborundum  bricks  or  wood  floats  is  next  to  spading  in 
ease  of  application  and  cost. 

4.  Tooling,  alone  or  with  rubbed  margins  and  outlines,  produces  the  most 
pleasing  appearance,  and  where  ornamentation  is  desired,  these  and  the 
scrubbing  methods  are  recommended. 

6.  Careful  form  work  and  continuous  placing  of  the  concrete  are  recom- 
mended as  essential  for  all  methods. 

Finishing  Concrete  by  Rubbing,  Floating  and  Brushing.^-The  following 
data,  on  finishing  the  concrete  surfaces  on  the  triple  60-f t.  arches  built  by  the 
Pennsylvania  R.  R.  west  of  Richmond,  Ind.  were  given  in  an  article  by  S.  M. 
Klein  published  in  Engineering  and  Contracting,  Jan.  11,  1911. 

Forty-eight  hours  after  the  last  batch  was  placed  in  the  forms  they  were 
removed  whenever  possible.  If  the  surface  was  green  and  soft,  fins  were 
scraped  off  with  the  edge  of  a  trowel  where  noticeable,  then  the  surface  was 
wetted  with  a  whitewash  bnish  with  clean  water  and  easily  rubbed  with  a 
2^i  X  2^  X  6-in.,  2  to  1  mortar  brick  not  more  than  8  days  old.     The  men 
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rubbed  the  wall  with  a  circular  motion  which  left  spots  in  places.  Next  day 
the  wall  was  moistened  and  floated  all  over  the  surface  with  a  wooden  float 
and  after  that  stroked  in  one  direction  up  and  down  with  a  moist,  clean 
whitewash  brush.  Two  men  rubbed  and  finished  a  section  10  ft.  high,  30 
ft.  long  and  3  days  old  in  four  hours  at  17^^  cts.  per  man  per  hour. 

Where  the  concrete  was  a  week  old  and  older  after  forms  were  removed  all 
fins  were  removed  with  a  bush  hand  chisel  having  five  blades.  The  surface 
was  then  wetted  with  plenty  of  cold  water  and  rubbed  with  a  2^^  X  2^^  X  6- 
in.  1  to  1  mortar  brick  not  more  than  6  days  old.  One  section  was  rubbed 
down  well,  all  rod  holes  were  plugged  and  next  day  the  section  was  floated 
down  and  stroked  with  a  moist,  clean  whitewash  brush.  No  cement  wash 
of  any  kind  was  allowed.  Any  broken  comers  had  to  be  carefully  repaired 
by  thoroughly  cleaning  the  surface,  wetting  the  patch  down  well,  then  if 
possible  driving  20d  nails  or  railroad  spikes  into  the  concrete,  putting  up  a 
form  and  grouting  the  broken  place.  Several  patches  were  thus  made  and 
when  finished  could  never  be  discovered. 

The  surfaces  thus  rubbed,  floated  and  brushed  bleached  out  uniformly 
everywhere,  showed  neither  spots  nor  blemishes  and  gave  the  whole  face  a 
beautiful  smooth  dull  finish.  One  foreman  at  40  cts.  per  hour  and  6  laborers 
at  17^  cts.  per  hour  averaged  25  sq.  yds.  per  man  nearly  every  day  rubbing 
and  finishing  was  done,  and  they  became  very  efficient  at  it  and  took  a  great 
deal  of  pride  in  iheir  work. 

Cost  of  Waterproofing  Concrete  Surfaces  to  Decrease  Disintegration  by 
Frost. — ^J.  L.  Lytel,  project  manager  of  the  Strawberry  Valley  project,  Utah, 
records  in  the  "  Reclamation  Record"  for  April,  1915,  an  interesting  experi- 
ence in  waterproofing  of  concrete  surfaces.  Engineering  and  Contracting, 
April  14,  1915,  gives  the  following  abstract  of  Mr.  Lytel's  article. 

The  storage  works  and  tunnel  of  the  Strawberry  Valley  project  are  located 
in  the  Wasatch  Mountains  at  an  elevation  of  7,500  ft.  There  is  a  wide  varia- 
tion in  temperatures  in  this  vicinity  and  the  climate  is  very  severe  during  the 
winter  months,  the  lowest  temperature  on  record  being  50°  below  zero.  The 
snow  fall  ranges  from  10  to  24  ft.  in  depth. 

The  extreme  cold,  with  alternate  thawing  and  freezing  of  water  in  the  pores 
of  the  exposed  faces  of  the  structures,  was  found  to  have  a  very  destructive 
effect  on  these  concrete  structures  and  the  waterproofing  of  the  surfaces  was 
decided  upon  as  a  preventive  against  their  continued  disintegration. 

It  was  decided  to  treat  the  vertical  surfaces  with  alum  and  soap  solutions 
and  the  horizontal  surfaces  with  paraffine.  The  alum  solution  was  made  by 
dissolving  2  ounces  of  alum  in  1  gal.  of  hot  water.  The  soap  solution  was 
composed  of  ^  lb.  of  castile  soap  dissolved  in  1  gal.  of  hot  water.  The  para- 
ffine was  boiled  to  drive  off  water  as  the  presence  of  water  rendered  it  hard  to 
apply.    Ordinary  commercial  products  were  used. 

The  surface  to  be  treated  with  paraffine  was  first  thoroughly  dried  and 
cleaned  of  loose  concrete,  dirt,  and  other  foreign  substances.  The  paraffine 
was  then  heated  and  applied  with  a  paint  brush,  and  was  forced  into  the  pores 
by  the  heat  of  a  blow  torch  on  the  surface.  Only  one  coat  of  paraffine  was 
applied  as  the  concrete  would  not  absorb  more. 

The  surface  to  be  treated  with  soap  and  alum  was  prepared  as  above  stated. 
The  alum  solution  was  applied  at  a  temperature  of  100°  F.  with  a  moderately 
stiff  brush  and  was  then  worked  in  with  a  stiff  horse  brush.  While  the 
surface  was  still  moist  from  this  treatment  the  hot  soap  solution  was  applied 
in  the  same  manner  as  the  alum  solution.    One  treatment  by  each  solution 
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in  the  manner  described  above  constituted  a  coat.  If  other  coats  were  con- 
sidered necessary,  they  were  applied  in  like  manner  after  the  preceding  coat 
had  been  allowed  to  stand  24  hours  or  more. 

Twelve  structures  were  given  this  treatment,  the  surface  area  covered  being 
approximately  28,000  sq.  ft.  Four  thousand  square  feet  were  treated  with 
parafiine,  at  the  rate  of  1  lb.  for  11^  sq.  ft.,  and  the  remainder  with  soap  and 
alum.  It  required  1  gal.  of  alum  solution  and  a  ^  gal.  of  soap  solution  to 
cover  50  sq.  ft.  with  two  coats.  Two  coats  of  alum  and  soap  were  applied  at 
an  average  cost  of  76  cts.  per  100  sq.  ft.,  and  the  cost  varied  from  41  cts.  mini- 
mum to  $1.28  maximum  The  cost  of  one  coat  of  paraffine  varied  from  $1.70 
to  $3.78  per  100  sq.  ft.,  and  averaged  $2.11.  This  cost  covers  everything 
except  general  expense.  The  two  men  who  did  this  work  received  $75  and 
$80  per  month.  Brushes  cost  $6.06,  Castile  soap  12>^  cts.  per  pound,  alum 
18  cts.  per  pound,  and  crude  parafi^  $4.80  per  hundred  weight. 

The  results  obtained  by  this  waterproofing  are  considered  very  satisfactory. 
The  structures  that  were  repaired  and  treated  have  gone  through  two  severe 
winters  and  no  further  disintegration  of  the  concrete  on  any  part  has  occurred. 


CHAPTER  VI 
DAMS,  RESERVOIRS  AND  STANDPIPES 

This  chapter  besides  giving  general  costs  of  a  laige  number  of  well  known 
reservoirs  is  largely  composed  of  detailed  methods  and  costs  of  concrete  and 
steel  structures.  For  detailed  methods  and  costs  of  building  earth  dams  the 
reader  is  referred  to  GUette's  "  Earthwork  and  Its  Cost."  Further  data  on 
the  cost  of  dams  is  also  given  in  the  "Handbook  of  Cost  Data"  by  Gillette. 

Cost  of  Storage  Reservoirs  per  Million  Cu.  Ft. — Tables  I  and  II,  published 
in  Engineering  and  Contracting,  Sept.  4,  1912,  are  from  a  discussion  by  Seth 
A.  Moulton  on  power  costs  and  efficiencies  contained  in  the  Report  of  the 
Maine  State  Water  Storage  Commission. 


Table  I. — Cost  of  American  Storaois  Rbsbrvoirb 
(From  James  D.  Schuyler) 


Name  and  location 

Asokan  Reservoir,  N.  Y . ...  . 
Belle  Fourche  Dam,  S.  D  . .  . . 

Wachusett  Dam,  Mass 

Ariscohos  Dam,  Me 

New  Croton  Dam,  N.  Y 

Buena  Vista  Lake,  Cal 

Laramie  River  Dam,  Wyo . . . 

Indian  River,  N.  Y 

Croton,  N.  Y 

Lake  McMillan,  Pecos  River 

N.  M 

Bear  Valley  Dam,  Cal 

Windsor,  Col 

Sweetwater,  Cal 

Titicus,  N.  Y 

Bowman,  Cal 

Eureka  Lake,  Cal 

Sodom,  N.  Y 

English,  Cal 

San  Leandro,  Cal 

Bog  Brook,  N.  Y 

Larimer  and  Weld,  Col 

Cuyamaca,  Cal 

Hemet,  Cal 

Canistear,  N.  J 

Lake  Avalon,  N.  M 

Cache  la  Poudre,  Col 

Round  Hill,  Pa 

Glenwild,  N.  Y 

Escondido,  Cal 

Cedar  Grove  Reservoir.  N.J 

Tyler,  Tex ....  I 

Faucherie,  Call 


Character' 


Cost 


M  andE $12,669,775 


E 

M 

M  and  E . 

M 

E 

E 

M  and  E '. 

M  and  E 


R  F  and  E 

M 

E 

M 

M  and  E .  . 
RFC... 

R  F 

M  and  E . . 

R  FC 

E 

E 

E 

E 

M 

E 

R  F  and  E 

E 

M  and  E. 

E 

F 


R 
E 
H 
R 


F 
F. 


879,164 

2.270,116 

1,000,000 

7,631,000 

150,000 

117,200 

83,555 

4,150,673 

180,000 

68,000 

75,000 

264,500 

933,065 

151,521 

35.000 

366,990 

155.000 

900,000 

510,430 

89,782 

54,400 

150,000 

341,000 

176,000 

110,266 

240,548 

47.360 

100.059 

660.000 

1.140 

8,000 


Capacity 
nulUon 
cu.  ft. 

16.030 
9,360 
8,420 
8.000 
7,840 
7.400 
5,230 
4,460 
4,270 

3,880 
1,740 
1.000 
980 
960 
920 
660 
650 
650 
580 
550 
500 
490 
460 
322 
274 
246 
176 
160 
152 
94 
77 
59 


Cost  per 

million 

cu.  ft. 

$     792 

94 

269 

125 

973 

21 

23 

19 

972 

47 

39 

75 

269 

972 

164 

53 

565 

230 

1.550 

927 

179 

111 

326 

1.060 

642 

447 

1.367 

296 

658 

7.020 

15 

136 


•  RF  =  Rock  Fill,  E  =  Earth,  H  F  =  Hydraulic  Fill,  M  =  Masonry.  R  F  C  - 
Rock  Fill  Crib,  8  =  Steel. 

236 


DAMS,  RESERVOIRS  AND  STANDPIPES         237 


Name  and  location 


Table  I.^-Conttntted. 


Character 


La  Mesa,  Cal H  F 

Yuba,  Cal HF 

Pedlar  River,  Va M .  . 

Wigwam,  Conn M .  . 

Saguache,  Col E . . 

Monument,  Col E . . . 

Seligman,  Aria M .  . 

Walnut  Canyon,  Aris M .  . 

Apishapa,  Col -.  . . .  E . . . 

Williams,  Ari« M . . 

Boss  Lake,  Col E . . . 

Ash  Fork,  Aria S . .  . 

Hardscrabble,  Col E . . . 


i 

Capacity 

Cost  per 

million 

miUion 

Cost 

cu.  ft. 

ou.  ft. 

17.000 

57 

298 

38,000 

51 

745 

103,708 

49 

2.115 

150.000 

45 

3,333 

30.000 

41 

732 

33,121 

39 

849 

150.000 

31 

4.835 

55.000 

21 

2,620 

14,772 

20 

739 

52.838 

15 

3,522 

14,654 

9 

1,628 

45.776 

5 

9.155 

9.997 

5 

1.999 

Average $     784,096        1.933       $     406 


Tablb  II. — Cost  of  Foreign    Storaqe  Hehervoik 
(From  James  D.  Schuyler) 


Name  and  location 


Character' 


A^ouan,  Egypt M $11 

Ekruk,  India E  and  M 

Lake  Fife,  India M 

Chumbrumbaukum,  India . . .  E 

Tansa,  India M 

Vyrnwy,  Wales M 

Betwa,  India M 

Ashti,  India E 

Lie«,  France E 

Villar,  Spain M 

Talla  Res,  Edinburgh E 

Gilleppe,  Belgium M 

Mouche,  France M 

Lake  Oreron,  France E 

Chartrain,  France M 

Beetaloo,  Australia M 

Ternay,  France M 

Burrator,  England M  and  E 

Belubula,  Australia B  and  C 

Waasy,  France E 

Ban,  France M 

Cousin,  France M 

Furens,  France M 

Pas  du  Roit,  France M 

Remscheid,  Germany M 

Sand  River,  South  Africa . . . .  M 

Lauchemsee,  Germany M 

Patas,  India E 

Burraga,  Australia M 


Capacity 

Cost  pe 

million 

million 

C08t 

cu.  ft. 

cu.  ft. 

$11,907,000 

37.600 

$     317 

666.000 

3.310 

201 

630.000 

3.290 

192 

312.000 

2,780 

113 

988.000 

2,290 

432 

3.334,000 

1.950 

1,710 

160.000 

.1.600 

100 

270.000 

1.420 

190 

598.418 

568 

1.054 

390.000 

568 

687 

1,220.000 

448 

2.720 

874.000 

424 

2.060 

1,003.657 

305 

3.290 

142.000 

257 

553 

420,000 

159 

2.640 

573.300 

128 

4.480 

204.372 

106 

.  1.934 

602.300 

105 

5.730 

45.000 

87 

517 

138.940 

76 

1.826 

190.000 

66 

2.880 

247 . 600 

57 

4.340 

318,000 

57 

5,580 

256.000 

46 

5,570 

91,154 

35 

2.600 

140.000 

29 

4.830 

243.750 

27 

9,020 

15.925 

14 

1,137 

46,500 

13.5 

3.445 

B 


Average $       897 ,  514 

Brick,    C  ■■  Concrete,    E  =  Earth,  M  =   Masonry. 


1.994        $     450 


Cost  per  Acre-foot  of  Large  Storage  Dams.  -  Francis  L.  Sellow.  Project 
Engineer,  U.  S.  Reclamation  Service  in  a  dlsrus.sion  in  Proceeding.s,  American 
Society  of  Civil  Engineers,  Vol.  XXXIX  (reprinted  in  Engineering  and  Con- 
tracting, May  14,  1913)  gives  the  following  costs  of  reservoirs  in  the  United 
Stat^  and  foreign  countries.     (Tables  III  and  IV.) 
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Cost  of  Large  Concrete  Lined  Water  Works  Reservoirs. — The  following 
table  is  taken  from  Engineering  and  Contracting,  Dec.  23,  1914. 

Table  V. — Cost  of  Six  Labgb  Ambrican  Watbb  Works  Resebvoibs 

Reservoir 

Sueen  Lane,  Philadelphia,  Pa 
ew  Roxborough,  Philadelphia,  Pa. 
SettUng  Basins,  Cincinnati,  Ohio. 


Service  Reservoir,  Minneapolis,  Minn. 

Prospect,  Rochester,  N.  Y 

Northside,  Pittsburgh,  Pa 


Capacity  in 
mimon  gals. 

Cost  per 

Cost 

miUion  gals 

383 

$1,188,000 

$3,100 

147 

524,000 

3,600 

330 

1,276,000 

3,900 

93 

442,000 

4,750 

110 

554,000 

5,000 

150 

676,000 

4,100 

Approximate  Cost  of  Reservoirs  per  1,000,000  Gal.  Water  Stored. — Engi- 
neering and  Contracting,  March  14,  1917,  publishes  the  following  tabulation 
from  the  report  of  the  Water  Conunissioners  of  Hartford,  Conn.,  CM.  Saville, 
Chief  Engineer,  for  the  year  ending  March  1,  1916,  which  gives  comparative 
figures  of  size,  capacity  and  cost  of  various  reservoir  developments. 

Table  VI. — ^Appboximate  Cost  of  Resebvoirs  per  1,000,000  Gal.  Watbb 

Stored 


Area 
flowed, 
Supply  Reservoir  acres 

Hartford Nepaug 851 

Boston Wachusett 4 ,  195 

New  York Ashokan 8 ,  180 

Salem  and  Beverly. .  .Lawrence  Station. . .  4,430 

Hartford Richards  Corner 437 

Salem  and  Beverly . . .  Topsfield  Station .  .  .  2 ,  480 

Hartford Reservoir  4 168 

Boston Reservoir  3 253 

Boston Sudbury 1 ,220 

New  York Kensico 2,218 


Aver- 
age 
depth, 
feet 

34. 
46. 
48. 

7.6 
21. 

9.8 
11.1 
14.3 
18.2 
40.0 


Cambridge Hobbs  Brk 

Hartford Reservoir  2 

Hartford Reservoir  3 

Hartford Reservoir  5 

Boston Ashland 

Boston Hopkinton 

Hartford Reservoir  6 

Boston Reservoir  2 

Boston : .  .  .  Reservoir  1 

Hartford Reservoir  1 

*  From  records,     t  Estimated  cost. 


350 

45 

26 

32 

167 

185 

141 

134 

143 

32 


13 
19 
17 

7 

26.0 
25.2 
16.1 
12.1 

6.2 
14.0 


Storage, 

million 

gallons 

9,560 

63,068 

128,000 

10,900 

3,000 

7,900 

601 

1,180 

7.254 

29,000 

1,500 

284 

146 

83 

1.416 

1,520 

765 

530 

288 

146 


Cost  per 
M.  G. 
stored 

$  130* 
145* 
155* 
250t 
255+ 
266* 
290* 
360* 
395* 
395* 
400* 
420* 
460* 
570* 
575* 
600* 
785* 
880* 
895* 
1590* 


Cu.  Yds.  of  Concrete  per  Foot  of  Dam. — Fig.  1,  from  an  article  by  R.  C. 
Beardsley  published  in  Engineering  and  Contracting,  Feb.  1,  1911,  gives  the 
cu.  yds.  of  concrete  per  foot  of  dam  for  four  different  types  of  dams  and  for 
heads  of  from  1  to  225  ft. 

Estimates  of  Dams. — The  following  notes  are  taken  from  Smith's  "  Con- 
struction of  Masonry  Dams"  (1915). 

Regarding  estimates  of  cost:  other  things  being  equal  they  will  cany  more 
weight  and  conviction  in  proportion  as  they  show  e\idence  of  having  been 
formed  after  careful  analysis;  i.e.,  a  reasonable  determination  of  quantities 
based  upon  some  survey  and  plan  and  a  subsequent,  complete  orderly  esti- 
mate. Thus  a  mere  statement  of  100,000  cu.  yds.  of  masonry  at  $4.50,  $450,- 
000,  while  possibly  a  very  excellent  guess  is  not  nearly  as  valuable  and  convinc- 
ing as  a  plan  or  profile  from  which  the  quantity  can  be  derived,  accompanied 
by  a  tabulation  of  all  the  items  entering  into  the  cost,  with  a  sum  of  $450*000. 
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The  toUowtng  dlsKiuns  ihbi;  be  of  some  aaalstoDce  In  nuking  up  an  estimate 
although  tbey  ahauld  be  used  onl;  with  some  caution  and  an  appreciation  ol 
their  Urnlta  as  to  accuracy  and  consequent  applioablilt/  (or  the  particular 
estimate.  A  partial  list  ol  exbttng  dams,  with  dimensions,  quantities  of  ma- 
aoory,  cost  and  ^ome  accompanying  pertinent  notea.  ma;  (aside  from  Its 
interest)  be  taken  aa  a  very  rough  Indication  of  what  another  dam  may  cost  If 
due  regard  is  given  aa  to  whether  Che  particular  circumstances  of  the  case  are 
comparable.  Such  particular  circumstanceB  are  location,  size,  acceaslblliCyi 
price  and  quality  of  labor,  coat  of  cement,  amount  of  excavation  and  refill 
involved,  amount  eipended  in  beautifying  the  structure  and  surroundliigB,  etc. 


Pia.  1. — Cu.  yds.  of  concrete  per  foot  of  dam. 

Obviously  tlie  length  and  maximum  height  ae  given  in  the  table  is  only  a  very 
crude  Indication  of  the  amount  of  masonry  Involved.  For  that  reason,  there, 
fore.  It  would  be  much  preferable  to  construct  a  profile  of  the  dam  and  from 
tlie  diagrams  (Figs.  2,  8  and  4j  arrive  at  some  number  of  cu.  yd.  as  a 
baals  for  comparison.  However,  such  analysis  of  and  comparison  with  the 
table  can  at  beet  furnish  only  a  rough  guide  toward  iiilelligent  guess. 

For  the  purpoaee  ot  a  preliminary  mtimale,  it  wourd  be  necessary  to  have  a 
fairly  accurate  profile  acroai  the  valley  or  canyon  at  the  dam-eit«.  together 
with  a  fair  indication  from  borings,  te^t  pits  or  otherwise,  of  the  location  of  the 
rock  surface;  also  some  opinion  as  to  depth  lo  which  It  will  be  necessary  to  go 
Into  the  rock  for  a  foundation.  With  such  informallou  It  should  be  sufHdently 
accurate  to  obtain  cu.  yd.  of  excavation  and  masonry  from  the  diagrams:  they 
are  cottatructed  from  acceptable  masonry  sections,  and  the  possible  error 
should  be  mucta  within  that  of  the  then  av^lable  data.  When,  however,  the 
project  bu  raacbed  a  stage  to  warrant  special  studies  and  designs  to  meet  alt 
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Fio.  2, — Curve  Bbowing  ai 


Fia.  3."Diacram  ibowint  cu-  yd.  of  rook  eicavatlon. 
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tha  psrUcular  condltltsia,  much  more  acrurote  uut  detailed  datu  In  the  vttj 
or  nurvei's  uid  borings  will  be  at  huid.  Such  dlagranu  nlll  then  be  super- 
aeded  by  sections  ol  tbe  site  and  tbe  proposed  ainicture. 

Diagranu  Jer  Prdiminarti  Eiliniala  of  QaaniU\tt. — For  a  pielimlnary  Mtl- 
mate  of  the  quontltlee  Involved,  based  upon  profiles  of  earth  and  rock  surfaces 
aciosB  the  tbDbj.  use  accompanying  diagrams  as  follows: 

For  BKHonrii  in  u  dam  irifAoui  ortrfiaar,  aaaume  as  acceptable,  Wegraann's 
Practical  ProBle  Xo.  2  aa  modified  □□  page  610  of  Ibe  American  Civil  Engineers 
Pocket  Book.     (See  section  "A"  Fig.  2.)     For  ou.  yd.  of  masonry  per  lln.  (t. 


Fio.  4.— Diapam  showiiv  cu.  yd.  of  «arth  eicavatioD. 

at  dam  read  curve  "A"  tor  neat  aectlonto  a  horizontal  baee  not  including 
masonry  in  cut  off  tranch. 
If  the  dam  Is  built  on  auiface  of  rock  add  tor  masonry  In  cut-olT  ttencb  as 

If  rock  Is  excavated  and  masonry  slopes  can  start  from  the  original  rnck 
surface,  aa  at  "  E,'^  read  curve  "A"  for  a  height  above  rock  aurface,  and  add 
aa  amount  equal  to  lock  excavation  as  obtained  from  diagram  Fig.  3. 

If  masonry  slopes  must  be  eitanded  down  to  a  certain  elevation  below 
original  rock  surface,  as  at  "V,'^  read  curve  "A"  for  a  height  of  dam  above 
that  elevation,  and  add  an  amount  equal  to  the  rock  excavation  below  that 

For  imuonri;  tn  an  oterjIiHe  datn,  proceed  preclaely  aa  above,  reading  curve 
"B"  Fig.  2,  Then  If  on  account  of  height  of  dam,  or  tor  another  reason,  an 
apron  is  neceasary.  add  ac  amount  obtained  from  curve  "  D.^' 

For  rock  ueainliDTi,  read  diagram  Fig.  3  In  whicb  ordinatea  equal  depth 
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of  rock  which  it  is  assumed  necessary  to  excavate;  abscissa  r^resent  width 
of  excavation  in  terms  of  height  of  dam,  which  height  should  be  considered 
as  starting  from  the  elevation  where  the  neat  masonry  slopes  begin.  Curves 
show  cu.  yd.  per  lin.  ft.  and  include  cut-off  trench  as  per  curve  "  C "  Fig.  2. 
If  applied  to  an  overflow  dam  with  an  apron,  add  to  roclc  excavation  as  thus 
determined  an  amount  at  least  equal  to  curve  "  D  "  Fig.  2  masonry  in  apron. 

For  Earth  Excavation. — Read  diagram  Fig.  4  similar  to  rock  excavation 
diagram,  observing  same  rule  for  height  of  dam.  Curves  show  cu.  yd.  ijer 
lin.  ft.  of  dam  for  excavation  to  1-1  slopes  starting  5  ft.  from  neat  lines  of 
masonry.  If  applied  to  an  overflow  dam  with  an  apron  add  for  tentative 
estimate  1  cu.  yd.  per  ft.  depth  of  stripping.  On  both  excavation  diagrams 
are  two  scales  for  height  of  dam,  according  to  which  masonry  section  is  being 
considered. 

Cost  of  Cyclopean  Masonry. — According  to  Charles  Adsit,  Engineering 
and  Contracting,  Feb.  18,  1914,  the  average  progress  of  laying  cyclopean 
masonry  for  the  intake  dam  of  Tallulah  Falls  Development  in  Georgia  was 
about  1,000  cu.  yds.  per  week. 

Rock  was  quarried  at  a  cost  of  about  $1  per  cu.  yd.,  the  force  at  the  quarry, 
consisted  of  50  men  and  2  foremen.  There  was  1  foreman  and  10  men  at  the . 
mixer.  Placing  of  cyclopean  masonry  necessitated  1  foreman,  3  derrick  men 
and  6  concrete  men.  After  the  standard  wooden  forms  had  been  made  so  as  to 
be  used  over  and  over  again,  placing  and  removing  of  forms  during  construc- 
tion required  a  force  of  9  carpenters.  Ten  hours  were  worked  each  day,  except 
Sunday.  Four  men  worked  in  the  blacksmith  and  machine  shops,  and  there 
was  one  timekeeper  and  one  superintendent.  The  engineering  force  of  the 
Northern  Contracting  Co.,  the  general  contractor,  did  all  inspection  and 
instrument  work,  and  tested  the  cement.    The  following  wages  prevailed: 

Foremen $4. 50  to  $5. 00 

Derrickmen 4. 00 

Carpenters 3.  60 

Concrete  men 1 .  75 

Common  labor 1 .  50 

Two  derricks  handled  the  rock  from  the  quarry  to  the  crusher,  and  two  der- 
ricks placed  the  cyclopean  masonry,  and  handled  the  forms. 

The  following  quantities  of  materials  were  involved  in  the  construction  of 
the  dam:  Excavation,  10,600  cu.  yds.;  Cyclopean  masonry,  39,200  cu.  yds. 
The  contract  price  for  excavation,  including  stripping,  earth  excavation,  rock 
excavation  wet  or  dry,  was  $1.50  t)er  cubic  yard.  The  contract  price,  for 
cyclopean  masonry,  concrete  in  the  bridge  piers,  and  abutments,  was  $4.80 
per  cubic  yard.  The  setting  of  gates  and  steel  girders,  and  the  reinforcsed 
concrete  was  paid  for  separately  as  extra  work. 

The  construction  plant  consisted  of  the  following  equipment: 

1  200-HP.  Hardic  Tynes  corliss  engine. 

1  150-HP.  and  2  80-HP.  boilers. 

1  AUis-Chalmers  No.  8  gyratory  crusher. 

1  Allis-Chalmers  No.  5  gyratory  crusher. 

1  set  of  14  X  36-in.  sand  rolls. 

3  American  Hoist  &  Derrick  Co.  derricks.  115-ft.  mast,  100-ft.  boom,  15-ton 
capacity,  30-HP.  steam  engine. 

1  wooden  derrick,  65-ft.  mast,  70-ft.  boom,  18-IIP.  engine. 
18  7  X  2  X  9-ft.  steel  skips. 

3  2^-cu.  yd.  concrete  buckets. 
1  2-cu.  yd.  Austin  cube-mixer. 
1  Duplex  steam  pump. 


DAMS,  RESERVOIRS  AND  STANDPIPES         247 

Organization  and  Output  of  Gravity  Type  Mix«rs  Operated  at  Kensico 
Dam. — George  T.  Seabury  in  Engineering  Record.  Feb.  13,  1915,  gives  the 
following  record  of  the  g^ravity  type  mixers  in  use  at  Kensico  Dam. 

Three  mixers  of  the  Hains- Weaver  gravity  type,  of  nominally  2H-yd. 
capacity,  were  used  in  1914.  The  average  batch,  however,  had  a  volume  of 
52  cu.  ft.  of  fluid  concrete.  It  was  the  study  of  the  arrangement  of  these 
mixers  and  of  their  operation  that,  to  a  considerable  d^s^ree,  made  possible  the 
really  remarkable  progress  attained.  Each  mixing  plant  had  nearby  a  large 
bin  for  the  storage  of  sand  and  stone  and  was  also  surmounted  by  a  small  bin 
for  the  same  purpose.  These  bins  were  connected  by  belt  conveyors,  the 
longest  one  of  which  was  340  ft.  m  length  between  end  pulleys.  Sand  and 
stone  were  fed  alternately  to  the  belts  and  deflected  to  their  respective  bins  at 
the  mixer  by  a  switch.  The  cement  was  kept  in  the  original  cars  which  were 
brought  on  a  standard-gage  spur  to  the  side  of  each  mixer  and  from  which  the 
bags  were  supplied  to  the  mixer  by  chutes  or  belt  conveyors. 

The  organization  of  the  mixing  gangs  when  going  at  top  speed  consisted  of 
6  men  bringing  cement  to  the  side  of  the  hoppers  and  6  more  men  filling  them 
with  stone,  sand,  cement,  and  applying  the  water.  The  last  mentioned  6  men 
were  under  an  overseer,  who  directed  their  operations,  giving  the  word  for  the 
addition  of  the  water  and  for  the  opening  of  the  measuring  hopper  doors. 
Two  men  cut  the  tapes  on  the  cement  bags  and  got  them  into  position  for 
quick  handling,  and  two  more  men  were  needed  to  remove  the  empty  bags. 
At  the  hoppers  below  were  the  three  regular  men,  and  when  it  was  required 
to  chute  in  different  directions  a  fourth  man  was  needed  for  that  operation 
alone.  At  the  bins  above  the  mixing  platform,  one  man  was  stationed  to 
look  out  for  the  supply  of  the  sand  and  stone,  and  another  man,  located  under 
the  large  storage  bins,  fed  the  aggregate  to  the  conveyor  in  respon.se  to  his 
sigrnals. 

The  largest  output  of  one  mixer  for  a  single  day  in  1913  was  384  batches. 
This  year,  under  the  improved  conditions  and  the  stimulus  of  the  bonuses 
offered,  the  number  of  batches  grew  larger  and  larger  until  a  maximum  of 
653  batches  was  obtained  in  8  hr.  At  52  cu.  ft.  per  batch,  this  is  equivalent 
to  157.2  cu.  yd.  per  mixer-hour  or  2.62  cu.  yd.  per  minute. 

The  maximum  volume  of  masonry  built  in  the  best  month  this  year  was  that 
between  July  25  and  Aug.  24,  when  84,450  cu.  yd.  were  placed.  Of  this, 
7810  cu.  yd.  were  bloclcs  previously  made  and  placed  at  night,  and  1630  cu. 
yd.  were  cyclopean  masonry  placed  in  a  second  shift  operated  a  few  nights,  and 
includes  a  little  work  done  on  one  Sunday.  The  remaining  75,010  cu.  yd. 
were  placed  in  the  26H  working  days,  of  8  hr.  each.  In  this  month,  therefore, 
there  was  placed  a  daily  average  of  3125  cu.  yd.  Considering,  however,  only 
the  75,010  cu.  yd.  of  cyclopean  and  mass  concrete  placed  in  the  regular  8-hr. 
day  shift,  there  was  an  average  of  2831  cu.  yd.  of  masonry  placed  per  day,  or 
353.8  cu.  yd.  per  hour. 

Unit  Cost  of  Concrete  on  Gravity  Dam. — The  Humpback  reservoir  is  the 
storage  imit  in  the  new  Sooke  Lake  water-supply  system  for  Victoria,  B.  C. 
The  main  dam  located  at  the  natural  outlet  of  the  reservoir  basin  has  a  maxi- 
mum height  of  60  ft.  and  a  total  length  of  675  ft.  The  cross-section  of  the 
dam  is  shown  in  Fig.  5. 

Engineering  Record,  Aug.  15,  1914,  gives  the  following  construction  costs. 

The  usui^  full  force  employed  on  the  work  included  6  foremen,  20  mechanics, 
2  blackAmiths  and  100  laborers.  Concreting  began  about  Sept.  15,  1913,  and 
contlnueld  until  about  the  end  of  the  year.     The  wages  were  as  follows: 


HANDBOOK  OF  CONSTRVCTION  COST 


CHDip  charffea  to  »U  were  tl  per  day. 


te  la  place  was  distributed  as  tolloHi 


j-yii., 
_._   j1,  O.HZcu.  yd.,  attl.OO. 
Cruahdd  rock,  0. 


d  rock,  0.848  cu.  7d„  at  11.72 1. 454 

0.087  cu.  yd.  atil.80.. 1S7 


m^K)  and  Platiaa 

Form, 
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This  cort  figure,  however,  includes  uo  charge  for  rental  of  plant,  which  would 
be  cost  less  salvage  divided  by  9000. 

The  usual  rate  of  progress  varied  from  200  to  250  cu.  yd.  of  concrete  placed 
per  nine-hour  day,  depending  on  the  forms  available. 

Cost  of  Las  Vegas  Arched  Masonry  Dam. — An  arched  dam,  250  ft.  in 
radius,  of  plain  concrete,  50  ft.  high  and  only  15.5  ft.  wide  at  the  base,  was 
built  across  the  Gallinas  River  to  store  68,000,000  gal.  of  ;Krater  for  the  Agua 
Pura  Company  at  Las  Vegas,  New  Mexico.  Eventually  it  wiU  be  raised  to  a 
height  of  95  ft.  to  create  a  reservoir  of  425,000,000  gal.  capacity.  The  structure 
was  completed  on  Feb.  14,  1911,  and  in  a  paper  before  a  meeting  of  the  New 
England  Water- Works  Association  William  T.  Barnes,  of  the  staff  of  Messrs. 
Metcalf  &  Eddy,  consulting  engineers,  of  Boston,  who  designed  the  dam, 
described  in  detail  the  constniction  methods  employed.  A  summary  of  his 
paper  is  given  in  Engineering  Record,  Jan.  4,  1913,  from  which  the  following 
data  are  taken. 

The  concrete  plant  consisted  of  a  H-CV-  yd.  Chicago  cube  mixer.  The 
concrete  was  delivered  to  the  forms  by  wheelbarrows.  The  sand  was  secured 
from  the  bed  of  the  Gallinas  River,  passed  through  a  H-in.  screen  in  order 
to  remove  occasional  gravel,  and  hauled  fully  H  niile  up  two  long  and  steep 
hills.  The  stone  was  of  good  quality  sandstone,  and  was  crushed  locally. 
In  order  to  supply  the  stone  in  sufficient  quantity  to  keep  the  mixing  and 
placing  crews  busy  throughout  the  day  it  was  necessary  to  operate  the  crushing 
plant  in  two  shifts  of  10  and  12  hours  respectively. 

When  the  work  was  contracted  it  was  expected  that  the  cyclopean  form  of 
masonry  would  be  adopted,  and  with  this  in  view,  the  contractor  erected 
two  small  guy  derricks,  hand-operated,  which  proved  to  be  entirely  inadequate 
for  handling  the  large  stones  profitably.  Not  over  200  cu.  yd.  of  stone  were 
thus  utilized,  and  this  amount  only  in  the  lower  portion  of  the  structure.  It 
is  probable,  according  to  Mr.  Barnes,  that  not  over  20  per  cent  of  the  first 
thousand  yards  of  concrete  was  composed  of  large  stones,  or  not  over  8  per 
cent  of  the  entire  structure. 

The  dam  contains  2703  cu.  yd.  of  concrete.  The  excavation  for  foundations 
amounted  to  790  cu.  yd.  of  rock  and  245  cu.  yd.  of  earth.  The  cost  of  the 
entire  work  to  the  contractor  was  $21,289.89  and  to  the  water  company 
$23,037,93,  allowing  a  contractor's  profit  of  $1748.04.  The  scale  of  wages  per 
hour  was:  Mexican  labor,  15  cents;  sub-foreman,  17.5  cents;  engineer,  25  cents; 
carpenter,  30  and  20  cents;  foreman,  35  cents;  double  teams,  40  cents. 

Cost  of  the  Lost  River  Multiple-arch  Curved  Dam. — The  following  is 
abstracted  from  an  article  by  W.  W.  Patch  Engineering  News,  April  30,  1914. 
To  reclaim  farming  land  being  submerged  by  the  rising  waters  of  Tule  Lake, 
which  has  no  visible  outlet,  a  dam  was  built  by  the  U.  S.  Reclamation  Service 
to  divert  a  part  of  the  inflowing  water,  the  contract  for  building  the  dam 
being  let  to  Geo.  C.  Clark,  of  Everett,  Wash,  in  Dec.,  1910. 

To  save  length  of  diversion  channel  the  dam  was  placed  on  indurated 
volcanic  diatomaceous  ash  instead  of  on  rock.  An  overflow  capable  of 
passing  heavy  floods  being  necessary,  and  this  requiring  protection  against 
scour  below  the  overflow,  a  horseshoe-shaped  multiple-arch  concrete  spillway, 
289  ft.  in  length,  was  adopted,  with  a  low  wall  or  secondary  dam  thrown  be- 
tween the  toes  of  the  horseshoe.  The  pool  so  formed  was  floored  with  reinforced 
concrete,  covered  with  plank  secured  by  concrete  "  toe-holds."  The  masonry 
spillway  is  flanked  by  paved  embankments,  held  in  place  at  their  spillway  ends 
by  reinforced-concrete  retaining  walls,  31  ft.  high. 
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The  prindl)al  features  of  Ihe  dam  are  ahown  in  Fig.  6. 

The  proportlcms  for  the  concrete  uaed  on  the  work  were  1  cement,  ZH  sand, 
and  6  hmljeD  basalt  rock.  The  latter  woe  screened  Into  two  sizes  wliich 
afterwarUa  were  teralied  in  nearly  equaj  proporttona  tn  order  to  minimize 
the  percentage  of  volda.  In  pier  foundations  many  large  rocks  were  placed 
In  the  concrete  to  sare  cement.  In  Joining  new  work  to  old  a  mortar  coat 
was  applied  lirunsdiately  abead  of  the  first  batch  of  concrete,  but  afl«r 
stripping  forms,  tbe  exposed  surfaces  were  neither  plastered  nor  coated  wltb 
cement  wash.  The  arches  proved  almost  absolutely  water-light,  even  irader 
the  maximum  head  of  over  30  ft. 

Tbe  embankments  were  constructed  In  4-ia.  layers,  wetted  and  tolled. 


For  making  concrete  of  the  character  required  on  the  dam.  sand  of  proper 
quality  could  not  be  had  In  the  vicinity.  Hence,  before  the  contract  was  let, 
arrangements  were  made  to  ship  It  In  7S  miles  by  rail  and  then  haul  it  S  miles 
by  canal,  and  2  miles  by  wagon  to  the  work.  This  sand  on  the  Job  cost  S3.7S 
per  cu.  yd.  During  the  progress  of  the  work  the  sand  contractor  could  not 
supply  bis  material  fast  enough,  and  the  quality  began  to  deteriorate,  so 
that  the  United  States  shipped  in  quartz  saml  300  miles  by  rail  from  Marys- 
vllle,  Callt.,  and  delivered  It  on  the  siding  of  the  contractor  for  10^.  per  yd.  less 
than  he  had  been  paying  for  the  other  aand, 

Caal  of  Work. — The  average  force  on  tbe  worli  comprised  S2  men  and 
38  horses,  working  for  most  of  the  time  ten  hours  per  day.  Wages  were: 
foremen,  (4.38;  carpenters.  *5;  laborers,  12,50;  two-horse  teams.  (6.2S.  The 
labor  was  not  efflclenl  as  a  rule.  The  accompanying  table  glvea  actual, 
not  contract,  cost,  and  Includes  cost  of  materials  and  englueerliig. 
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Cost  of  Work  on  Lost  Rivbb  Dam 

Cost 
Item  Unit        Quantity       Total        per  unit 

Exc.  above  Elev.  4067 cu.  yd.  9 ,073     $     4, 743     $  0.  522 

Ezc.  below  Elev.  4067 cu.  yd.          6,044  10,460         1.73 

Embankment cu.  yd.        13,141  8,738        0. 665 

Rolling,  sprinkling  and  overhaul 305 

Concrete cu.  yd.          5, 536  84 , 510       15.  268 

Hndlg.  reinf.  steel lb.         209.016  7,030        0. 033* 

Hndlg.  structl.  steel lb.            48,254  557         0.012 

Stone  paving cu.  yd.          1,238  3,386         2.736 

Pool  flooring ft.b.m.        25,588  846       33.07 

Tool  and  plank  house 2 ,  145 

Five  sluice  gates  and  hoists 1 ,  502 

Pump  and  turbine 1 ,  118 

Stop-plank  guides 847 

Stop-planks 330 

Hand  rail 282 

Steel  rails 342 

Tram  car  and  miscell 786 

Total  cost $127,927 

*  Includes  cost  of  steel. 

The  above  includes  reasonable  allowance  for  depreciation  of  the  contractor's 
equipment,  which  comprised  the  following: 
1 — 70-hp.  Minneapolis  traction  engine  for  operating  the  crushing,  screening  and 

mixing  plant.     This  used  4-ft.  slabs  for  fuel. 
1 — 12  X  18-in.     Aurora  portable  crusher,  with  bucket  elevator. 
1 — rotating  29-ft.  screen.  ^   . 

1 — 1-yd.  Ransome  concrete  mixer. 

1 — 7  X  10-in,  double-drum  hoisting  engine  for  excavating  with  drag-bucket. 
1 — 10-hp.  gasoline  en^ne  with  6-in,  centrifugal  pump. 
1 — 4-hp.  gasoline  engine  with  plunger  pump  connected. 
1 — ^band-saw  for  form  work. 
1 — bucket  elevator  for  sand  hoist. 
1 — 20-in.  blower  for  removing  surplus  dust  from  crushed  stone  and  stone  dust  so 

that  the  latter  could  be  added  to  the  sand. 
6 — 9-cu.  ft.  steel  concrete  cars  with  about  600  ft.  of  24-in.  track. 
1 — driving  team  and  buckboard. 
Blacksmith  shop,  tools,  iron  pipe,  etc. 

All  hauling  was  done  with  hired  teams.  In  addition  to  running  the  plant 
the  traction  engine  for  the  last  two  months  of  1911  heated  all  the  water  used 
in  making  concrete  to  temperatures  of  150°  to  204°. 

Cost  of  the  East  Park  Dam,  Portland  Project,  U.  S.  Reel.  Service. — The 
following  data  are  taken  from  articles  by  E.  G.  Hopson  and  F.  H.  Tillinghart 
appearing  respectively  in  Engineering  and  Contracting,  Oct.  18,  1911,  and 
Engineering  Record,  June  24,  1911. 

Design. — The  dam  rises  to  a  height  of  140  ft.  above  the  foundation  rock, 
and  is  a  solid  concrete  structure  of  the  gravity  type,  curved  in  plan  to 
radius  of  275  ft.,  forming  a  horizontal  arch  with  abutments  in  the  rock  on  the 
sides  of  the  gorge,  thus  giving  it  a  greatly  increased  stability.  The  abutments 
being  somewhat  seamy,  it  was  not  thought  advisable  to  trust  altogether  to  arch 
action;  hence  the  combined  gravity  and  arch  type.  The  dam  also  is  located 
within  the  so-called  earthquake  belt.  At  the  top  the  dam  is  10  ft.  wide 
and  249  ft.  long,  while  the  maximum  thickness  at  the  bottom  is  86  ft. 

Spillway. — The  spillway  is  located  in  a  saddle  in  the  same  ridge  about  yi 
mile  south  from  the  dam,  the  waste  water  flowing  into  a  natural  tributary  to 
Little  Stony  Creek  and  emptying  into  same  at  a  point  about  500  ft.  below  the 
dam.  Test  pits  for  foundation  showed  a  hard  blue  shale  close  to  the  surface 
of  the  ground,  conglomerate  being  encountered  only  at  the  north  abutment. 

The  mi^Tifr^iiTu  measured  flow  of  Little  Stony  Creek  at  the  dam  site  is  8000 
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sec-ft.,  but  the  spillway  was  designed  on  the  basis  of  a  flow  of  10,000  sec.-ft. 
The  distance  across  the  saddle  where  the  spillway  is  located  is  only  about  300  ft 
In  order  to  increase  the  length  of  spillway  thereby  reducing  the  head,  a 
design  consisting  of  a  series  of  half-circles  of  arched  weirs,  butting  against 
piers,  was  made.  The  piers  are  8  ft.  wide  and  the  arches  have  a  radius  of 
13  ft.  6  in.,  the  whole  structure  being  on  a  radius  of  474  ft.  This  arrangement 
gives  a  total  length  of  459.9  ft.  and  after  reducing  for  curvature  and  incom- 
plete approach  there  is  obtained  a  total  available  length  of  414  ft.,  over  which 
the  maximum  10,000  sec.-ft.  floods  should  flow  3.7  ft.  deep,  according  to 
Hazen  and  Williams'  weir  formula,  as  derived  from  Bazin's.  The  crest  of  the 
spillway  is  at  £1.  185,  making  the  high-water  elevation  in  the  reservoir 
188.7.  Small  weirs,  2  ft.  high  and  1  ft.  wide,  built  on  a  29-ft.  radius  and 
located  down  stream  from  the  overflow  weirs,  form  a  water  cushion. 

Dikes. — At  low  points  around  the  reservoir  four  small  earth  dikes  were 
constructed  ranging  in  height  from  3  to  20  ft.  The  principal  dimensions 
are  20  ft.  width  on  top,  3  to  1  water  slope  and  2  to  1  back  slope.  Rock  pitch- 
ing 1  ft.  deep  was  placed  on  both  slopes. 

Costa. — All  cement  was  manufactured  at  Tolenas,  California,  cost  price 
f.  o.  b.  cars  being  $1.55  per  barrel.  The  cost  delivered  at  the  nearest  railroad 
station  to  the  work  was  $2.05  per  barrel.  Cement  and  all  material  brought  by 
rail  required  hauling  over  18  miles  of  mountain  road.  The  average  price  of 
hailing  cement,  iron  work  and  other  materials  was  32  cts.  per  ton  mile. 
The  cost  of  road  haul  and  storage  for  cement  was  $1.08  per  barrel,  so  that  the 
net  cost  delivered  at  the  work  was  $3.13  per  barrel. 

In  the  main  dam  the  total  concrete  built  was  12,202  cu.  yds.,  in  which  12,383 
barrels  of  cement  were  used,  or  1.01  bbls.  per  cubic  yard  of  concrete.  The 
mixture  was  generally  proportioned  at  1  volume  of  cement  to  10  of  the 
unmixed  aggregates. 

In  the  spillway  a  richer  grade  of  concrete  was  used,  the  total  yardage  being 
1,456,  in  which  were  placed  1,758  barrels  of  cement,  or  1.21  bbls.  per  cubic 
yard  The  mixture  was  generally  proportioned  at  one  of  cement  to  eight  of 
the  unmixed  aggregates. 

The  concrete  was  mixed  in  standard  revolving. mixers  and  handled  by  cars 
and  track. 

The  principal  item  of  construction  was  placing  concrete  in  the  dam  and 
spillway  as  given  in  Tables  VII  and  VIII. 

Table  VII. — Cost  op  Concrete  in  Spillway,  1,456  Cu.  Yds. 

Cost  per 

Items  Total  cost  cu.  yd. 

Cement  delivered  at  R.  R.  station  (1,758  bbls.) $3,620. 99  $  2,487 

Cement — hauling  and  storing 1 ,961. 25  1. 340 

Form— Material 373. 15  0. 260 

Form— labor 1 ,418.  50  0. 980 

Sand  and  gravel — labor  and  furnishing 2 ,  438. 80  1 .  670 

Mixing  and  placing 1,388.70  0.960 

Finishing 414. 40  0.280 

Total $  7. 977 

Preparatory  expense $     161. 35  0.  Ill 

Interest  on  investment 1 ,259. 00  0. 869 

Plant  depreciation 318. 95  0.  218 

Miscellaneous  and  supplies 654.  71  0.447 

Total $  1. 636 

Superintendence $1 ,233. 41  0. 846 

Engineering 913. 91  0. 628 

General  administration 1,503. 27  1.032 

Grand  total $12. 118 
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Tabus  VIII. — Cost  of  Concbbtx  in  Main  Dam,  12,202  Cu.  Yds. 

Cost  per 

Items  Total  cost  cu.  yd. 

Cement  delivered  at  R.  R.  station  (12,382  bbls. ) $25 ,  333. 86  $2. 076 

Cement — hauling  and  storing 13,394. 98  1. 097 

Forms — MaterisJ 2,054. 39  0. 168 

Forms — labor 5,143.45  0.424 

Sand  and  gravel — labor  and  furnishing 7 , 074. 20  0. 580 

Mixing  and  placing  concrete 5 ,304. 29  0. 434 

Finishing 429.60  0.036 

Total. $4. 814 

Preparatory  expense $  1 ,  817.  57  0. 149 

Interest  on  investment 4,326. 00  0. 354 

Plant  depreciation 3,201. 31  0.  262 

Miscellaneous  and  supplies 6 ,  700. 08  0.  550 

Total .  f  1. 315 

Stream  control  and  unproductive  work  at  quarry S  2,611. 34  0.  213 

Superintendence 7,530. 02  0. 617 

Engineering 5,800.14  0.475 

General  administration 9,540. 59  0. 782 

Grand  total $8,216 

Force. — The  contractor's  average  force  engaged  on  this  work  was  38  men, 
induding  8  teamsters  and  20  teams.  The  engineering  and  inspection  force 
consisted  of  4  men. 

The  total  cost  to  the  United  States  for  the  whole  work  was  as  follows: 

Main  dam $104 ,  358.  26 

Spillway 15,846.  52 

Lands  for  reservoir 86 ,  047. 11 

Engineering — preliminary  and  construction 32,076. 34 

Total $238,328.  23 

Cost  per  acre  foot  of  storage 5. 23 

Cost  of  Stony  River  Hollow  Concrete  Dam. — G.  H.  Bayles  gives  the  follow- 
ing data  (Engineering  News,  Jan.  22,  1914)  in  regard,  to  the  construction 
cost  of  the  dam. 

Various  rates  of  wages  were  paid  at  the  beginning  of  the  work,  but  these 

soon  settled  to  the  following: 

Mechanics,  $0.30  to $0.  50  per  hour 

Carpenters,  $0.30  to 0. 35  per  hour 

Helpers 0.  25  per  hour 

Laborers  in  cutofiF  trench 0.  25  per  hour 

Other  laborers 0.  22  per  hour 

All  field  costs  included,  the  costs  of  the  parts  of  the  work  completed  with 

cableway  were  as  follows: 

Cutoflf  excavation 1 ,  273  cu.  yd.  @  $2. 93 

Earth  excavation 3,432  cu.  yd.  @  0.  48 

Rock  excavation 44  cu.  yd.  @  3.  43 

Oushed  stone  and  sand  for  1  cu.  yd.  of  concrete 1  cu.  yd.  @  1 .  23 

Mixing  and  placing  concrete 7, 594  cu.  yd.  @  0.  72 

Forms  (not  including  materials) 7,594  cu.  yd.  @  1.  67 

Placingsteel 366,2771b.          @  0.005 

The  dam  as  constructed  consisted  of  56  panels  15  ft.  long  with  buttress 
supports  at  each  panel  point.  The  maximum  height  was  51.17  ft.  above 
foundations.  A  spillway  160  ft.  long  was  provided  with  elevation  3  ft. 
below  top  of  the  dam.  The  height  of  dam  at  the  spillway  was  34.75  ft. 
The  width  of  dam  (at  foundation  line)  varied  from  a  minimum  of  approxi- 
mately 16  ft.  to  a  maximum  of  70  ft. 
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The  quantitleH  from  whlcli  tbe  obova 
flgures  were  SS"5  up  f  rwn 

the  Dumber  It  waa 

touDd  that  It  required  a  little  more  than 
the  figured  j'ardBge  to  Qtl  the  tonne,  say 

as  2G%  more  than  the 
waa  required,  and   the 
average  [or  footiogs  was  a  little  under 
20%. 

The  dam  site  is  19  miles  distant  from 
the  nearest  railway  BtatloD.  and  all  men 
and  material  had  to  be  brought  in 
over  logging  railroads,  which  material!; 

Six  months  after  Its  completion  S  bays 
or  panels  of  due  to 

which  did 
not  go  down  to  solid  rock. 

Coat     of     Cor  belt     Direrslon    Dam, 

Project.— The  Cot- 

bett  '^m<       con- 

This  dam  Is  located 
on  the  Shoshone  River  about  eight  miles 
below  Cody,  Wyo.,  and  is  a  part  of  the 
irrigation   structures  MM  the 

Sboshone  Project,  of  the  U  9.  Reclema- 

The  following  description  of  tlie 
diversion  dam  and  data  on  Its  cost  are 
given  in  the  August  number  ol  the 
"  ReeiamBtion  Record."  1908.  and  re- 
printed in  Engineering  Record.  Aug,  22. 
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ments  Is  400  ft.,  and  extending  at  the  right  abutment  of  the  dam  to  the  bluff 
is  an  earth  embankment  about  450  ft.  in  length.  At  the  left  end  of  the  dam 
are  located  the  sluiceway  and  the  headworks  controlling  the  entrance  to  the 
Corbett  Tuimel. 

Careful  records  of  cost  were  kept  during  the  construction  of  the  dam,  and 
the  data  relating  thereto  are  given  in  Table  IX  under  the  primary  heading  of 
distribution  of  cost  and  under  the  secondary  heading  of  the  class  items  of  the 
schedule.  Labor  conditions  were  extremely  bad  during  the  entire  construc- 
tion period,  but  the  contractor  was  provided  with  fairly  efficient  equipment. 
Laborers  were  paid  at  the  rate  of  $2.50  to  $3  per  eight-hour  day,  carpenters  at 
the  rate  of  $3  to  $4.50  and  teams  at  the  rate  of  $2.50  per  eight-hour  day. 

There  was  no  suitable  sand  for  concrete  in  the  vicinity  of  the  dam,  and  it 
was  necessary  to  establish  a  crushing  plant  for  manufacturing  the  same  from 
cobblestones.  The  crusher  and  concrete  mixer  were  located  at  a  distance  of 
about  400  ft.  fi^om  the  right  abutment  of  the  dam.  The  concrete  was  hauled 
from  the  mixer  to  central  points  on  the  dam  by  means  of  cars  of  one-half 
cubic  yard  capacity  drawn  by  horses.  At  these  central  points  the  concrete 
was  transferred  to  small  hand  carts,  and  thus  conveyed  to  various  local  points 
on  the  dam. 

The  shore  ends  of  the  dam  were  constructed  during  ordinary  stages  of  the 
river  without  diverting  the  river  from  its  channel.  For  the  portion  of  the 
dam  in  the  channel  of  the  river  it  was  found  necessary  to  construct  a  tem- 
porary dam  from  the  end  of  the  sluiceway  wall  diagonally  across  the  river, 
thus  diverting  the  entire  low-water  flow  of  the  river  through  the  sluiceway. 

The  total  actual  cost  for  all  of  the  items  tabulated  was  $127,277.43. 

Cost  of  Concrete  Core  Wall,  Moline  Pool  Dam. — J.  B.  Bassett  in  "Pro- 
fessional Memoirs"  described  the  methods  and  costs  of  construction  of  the 
concrete  core  wall  in  Moline  Pool  Dam  in  the  Mississippi  River  at  Moline, 
111.  The  following  is  taken  from  an  abstract  of  that  paper  published  in 
Engineering  and  Contracting,  July  27,  1910. 

The  core  wall  was  constructed  to  make  more  permanent  the  loose  rock  fill 
dam  forming  "  MoUne  Pool"  which  in  timas  of  high  water  acted  as  a  spillway 
and  was  therefore  subject  to  disintegration  from  the  top. 

The  construction  details  are  as  follows:  A  dipper  dredge  is  first  employed 
to  dig  a  trench  along  the  toe  of  the  dam  to  steepen  the  slope  to  its  most 
abrupt  angle  of  repose  and  to  get  down  through  the  mud,  sand,  etc.,  to  the 
soUd  rock  bottom.  Following  the  dredge  a  drillboat  is  employed  to  drill 
holes  10  ft.  apart  along  the  toe  of  slope  and  approximately  3  ft.  therefrom. 
These  holes  are  carefully  placed,  as  the  alignment  of  the  wall  depends  on  their 
proper  location.  Upright  6X8  in.  form  posts  having  a  2-in.  steel  rod, 
pointed  on  the  lower  end,  bolted  thereto,  and  allowed  to  extend  about  1^^  ft. 
below  the  end  of  the  post,  are  then  set,  being  dropped  into  the  holes  by  the 
drillboat  crew  as  fast  as  the  holes  are  drilled,  and  left  standing  Later  the 
posts  are  lined  up,  slanted  to  a  batter  of  about  1  to  33'^,  and  tied  to  anchorages 
in  the  rock  dam  by  3  X  6-in.  strips  bolted  to  the  sides  of  the  posts.  The 
remainder  of  the  form  consists  of  horizontal  6  X  6-in.  waling  strips  spaced  by 
means  of  sink  planks  about  3^^  ft.  between  centers,  and  2-in.  plank  sheathing 
set  on  end  to  make  as  good  a  contact  as  possible  with  the  irregular  bottom. 
It  will  be  noted  that  only  the  face  side  of  the  wall  is  joined,  the  rough  slope 
<rf  the  dam  forming  the  back  side,  except  near  the  top,  where  the  section  is 
reduced  to  a  finish  to  a  2-ft.  width  of  coping. 

The  ocmcrete  idant  was  erected  on  a  flat  barge  and  consists  of  a  rolling 
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drum  mixer  and  small,  stiff-leg  derrick  with  a  40-ft.  boom,  together  with  the 
necessary  boilers, -hoisting  apparatus,  etc.  This  barge  is  floated  alongside 
the  form,  with  the  gravel  and  cement  barges  on  its  other  side.  A  straight 
sided,  bottom-dumping  bucKet  was  designed  for  the  work,  arranged  with  two 
doors  joining  at  the  center  and  held  shut  by  latches  that  can  be  tripped 
at  will  by  latch  strings.  The  concrete  is  deposited  directly  in  the  water  with 
this  bucket  with  very  little  agitation  or  loss  of  cement.  For  convejring  the 
raw  material  to  the  mixer  a  special  arrangement  of  an  automatically  dumping 
skip  car  was  devised.  A  hinged  and  counter-weighted  track  extension  allows 
the  car  to  run  out  to  the  center  of  the  gravel  barge  moored  alongside,  where  it 
is  filled  by  hand.  The  car  itself  is  gaged  so  that  the  proper  quantity  may  be 
secured.  A  small  barge  containing  the  cement  is  moored  alongside  the 
gravel  barge,  the  cement  being  carried  a  few  steps  by  hand  and  dumped  into 
the  skip  car  from  the  containing  sacks. 

The  proportions  used  average  about  1  cement  to  6  gravel.  For  the  deeper 
I>ortions  of  the  wall,  the  gravel  is  reduced  to  about  a  l-to-5  mixture  to  allow  for 
some  loss  of  cement,  but  the  top  of  the  dam  is  made  of  proportions  of  about 
1  to  7.  The  gravel  is  furnished  on  United  States  barges  by  contract,  being 
pumped  direct  from  the  river  bed.  It  is  not  screened  and  re-mixed,  as  is  the 
practice  in  some  localities,  since  the  natural  mixture  is  quite  uniform  and  tests 
show  voids  running  from  12.5  to  17  per  cent.  The  depth  of  water  in  which 
concrete  has  been  deposited  varies  from  5.5  to  17  ft.  A  considerable  length 
of  wall  was  built  with  the  depth  at  the  latter  figure.  In  this  case  it  was  found 
inadvisable  to  attempt  to  carry  the  wall  to  completed  height  in  one  day, 
due  to  the  excessive  pressure  on  this  style  of  form.  It  can  be  readily  seen  that 
a  continuous  contact  between  the  form  and  the  rough  rock  bottom  would  not 
be  had.  Occasionally,  a  stone  would  fall  from  the  dam  and,  lodging  along  the 
line  of  the  form,  would  prevent  the  sheathing  from  reaching  to  the  proper 
depth,  and  a  hole  would  be  the  result.  It  was  found  that  concrete  to  a  height 
of  3  or  4  ft.  would  not  run  out,  but  if  an  attempt  was  made  to  carry  the  section 
to  completion  a  leak  would  result,  and,  once  started,  it  could  not  be  stopped 
until  equilibrium  was  restored.  For  this  reason  the  custom  was  established 
of  building  the  deeper  sections  in  two  layers.  Scrap  steel  rods,  etc.,  in  short 
lengths  were  stuck  into  the  first  layer  to  assist  in  bonding. 

When  the  work  was  started,  alternate  sections  were  constructed,  the  inter- 
mediate sections  being  filled  later;  but  in  some  cases  where  the  dam  behind  the 
wall  had  quite  a  strong  leakage  it  was  found  better  to  build  continuously  and 
push  the  leak  ahead,  each  day's  work  being  ended  at  a  bulkhead.  Later, 
this  practice  was  followed  altogether.  Some  cement  was  lost  at  points 
opposite  the  leaks,  but  not  enough  to  materially  weaken  the  dam.  It  must 
be  remembered  that  the  upper  part  of  this  wall  is  the  vital  part,  as  the  dam 
breaks  from  disintegration  on  the  crest.  For  this  reason  a  reinforcing  rod 
of  about  seven-eighths  inch  diameter  is  run  longitudinally  about  6  ins.  below 
the  coping  of  the  wall,  tied  by  8-ft.  rods  set  vertically  near  the  face  of  the 
wall  and  bent  at  the  top  to  hook  over  the  longitudinal  rod.  This  is  done  to 
hold  in  place  any  chunks  of  concrete  which  might  come  loose  through  shrink- 
age cracks  or  from  impact  of  running  ice. 

'  The  work  is  being  conducted  by  hired  labor,  and  the  wages  paid  on  the 
concrete  outfit  are  as  follows: 

One  foreman,  at  $90  per  month;  1  derrickman,  at  $90  per  month;  2  firemec, 
at  $40  per  month;  1  hoistman  on  conveyor,  at  $40  per  month;  1  watchman, 
at  $40  per  month;  11  laborers,  at  $1  to  $1.25  per  day,  dependtaig  on  scarcity 
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of  labor.  Alao,  the  drillboat  crew,  of  1  drillruimer,  at  $60  per  month,  and  1 
fireman,  at  $40  per  month. 

Subsistence  and  sleeping  quarters  are  furnished  to  all  employes  in  addition 
to  the  above  wages.  Eight  hours  constitute  a  day's  work,  and  the  usual 
Saturday  half-holidays  are  allowed  at  full  pay  during  July,  August  and  Septem* 
ber.  Full  pay  is  allowed  to  all  employes  for  all  legal  holidays.  Weather 
conditions  are  usually  good  in  the  summer  season,  but  about  six  weeks  in  the 
spring  and  four  weeks  at  the  end  of  the  season  in  November  are  usually 
attended  by  storms  and  exceedingly  high  winds. 

The  cement  is  taken  from  the  cars  and  stored  in  a  warehouse  and  after- 
wards loaded  on  the  barges  by  hand.  All  cement  is  tested  in  a  laboratory 
on  the  office  boat. 

The  dredging  and  towing  expense  is  also  charged  for  the  time  put  In  by  the 
dredge  at  digging  the  trench  and  by  the  towboat  in  carrying  the  various 
supplies  to  the  work. 

A  cost  statement  of  the  work  to  date  is  as  shown  by  the  accompanying 
table: 


Table  X. — Cost  Statement 
13,112.6  cubic  yards  concrete,  6,301.8  linear  feet  of  wall. 


Amount 


Cost  per  cu.  yd.  of 
concrete 


Items 

Preliminary  expense: 

(plant  equipment,  warehouse,  etc.)  $  6,530. 12 $0. 4980 

Quota  miscellaneous  charges 


Superintendence  and  office: 
Field 


Quota  R.  I.  office  charges. 


375. 12 

5.551.26  $0.4233 
2,060.92       .1572 


.0286 


Total , $0.5805 

Excavation ^  .. 1,241.56 0947 

Forms: 

Material 2,752.  39  $0.  2099 

Labor 2,514.95       .1917 

DrilHng 660.  67       .  0504 

Drilling,  coal  for 186.  53       .  0142 


Total $0. 4662 

Cement 17,952.  72  $1.  3691 

Cement  handHng 936. 02       .  0714 

Cement  tests 627. 39       .  0479 

Gravel 7,140.71        .5446 

Reinforcement 290. 08       .  0221 

Towing 2,889.68       .2204 

Towing,  coal  for 942. 03       .  0718 


Total $2.3473 

Mixing  and  depositing: 

Labor 7,890.41  $0.6017 

Coal 843.10       .0643 


Total $0.6660 

Backfilling 766. 47 0585 

Plant  repairs 572. 92 0437 


Cost  per 
Un.  ft. 
of  wall 

$  1.037 


8.017 


Total $62,725.  05 

Miscellaneous 283.  40 

Plant  charge  (rental) 4 ,  995.  74 


$4.7835 
.0216 
.3810 


Total,  including  plant  charge . 
17 


$68,004.19  $5.1861 


$9,954 
.045 
.762 

$10,791 
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The  above  statement  includes  all  money  spent  on  the  work  in  plant  con- 
struction and  operation,  material,  and  supplies  of  all  kinds,  repairs  during 
season,  superintendence,  field  and  main  office  charges  and  a  plant  charge 
presumed  to  be  equal  to  its  rental  charge  were  it  not  owned  by  the  United 
States  Government. 

Cost  of  Constructing  Small  Concrete  Dam. — Engineering  and  Contracting, 
March  15,  1911,  gives  the  cost  of  a  hollow  concrete  dam  70  ft.  long  and  4  ft. 
high  built  at  East  Earl,  Pa.  by  H.  L.  Bauman  using  day  labor. 


Crcefr 


.i 


j;  ^  Stone  Piled up\ 


I 
i 
I 

J. 


f   I  *>  'I  ■  f  ■  f  ■  M  1    ■  ■   ■ .   1^3^.  ..vi>l    i 
I  _•!  '-*  !  '    *  I         «  I 


Sect/on 
Fig.  7. — Plan  and  section  of  concrete  dam. 


Fig.  7  shows  the  essential  dimensions  and  it  will  be  noted  that  the  con- 
crete structure  is  hollow,  is  divided  into  compartments  by  interior  cross  walls 
of  dry  masonry  and  that  the  compartments  are  filled  with  gravel.  The 
concrete  used  was  a  1 : 2  3'^ :  5  mixture  plastered  with  a  1 : 1  mortar.  The  amount 
of  concrete  is  not  recorded  but  estimating  from  the  sketch  and  from  the  amount 
of  concrete  used  it  was  about  40  cu.  yds. 

Item  Cost 

Hauling  gravel  (3  men  3  days  at  $1.75) %  15. 76 

Hauling  gravel  (2  men  and  team  1  day  at  $3.00) 6. 00 

Hauling  gravel  (2  men,  horse  and  cart,  3  days  at  $2.25) 13. 50 

Screening  sand  from  gravel  (1  man  3  days  at  $1.75) 5. 25 

Washing  gravel  (6  men  1  day  at  $1.75) 10. 50 

Pump  and  pumpman  (1  day  at  $5) 6. 00 

Cofferdam  (3  men  4  days  at  $1.75) 21. 00 

Cofferdam  (2  men,  horse  and  cart,  2  days  at  $2.25) 9. 00 

Excavation  (6  men  2  days  at  $1.75) 21. 00 

2,000  ft.  B.  M.  from  lumber  at  $20  per  M 40. 00 

Delivering  lumber 5. 00 

Settling  forms  (2  men  2  days  at  $1.75) 7. 00 

Placing  concrete  (7  men  3  days  at  $1.75) 36.  75 

2  hp.  gasoline  mixer  engine  3  days 3. 00 

Removing  forms  and  clearing  away  (2  men  1  day  at  $1.75) 3.  50 

Plastering  (4  men  1  day  at  $1.75) 7. 00 

Pump  20  hrs.  at  40  cts 8. 00 

Charges  on  borrowed  pump 7.  60 

10  tons  Atlas  cement  at  $8  delivered 80. 00 

Total $304.75 

A  10-hour  day  was  worked. 
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Cost  of  Small  Concrete  Dam  Built  by  Unskilled  Labor.— Fred.  J.  Wood  in 
Engineering  Contracting,  March  26.  1913,  gives  the  methods  and  cost  of 
constructing  a  small  concrete  dam  at  Paris,  Maine. 

The  dam  has  a  total  length,  on  the  top,  of  about  48  ft.,  of  which  only  20  ft. 
are  of  the  full  height  of  3  ft.  The  section  being  so  small,  a  32-in  base,  bringing 
the  resultant  within  proper  Umits,  the  dam  was  made  rectangular  in  section 
and  of  that  width.  No  other  engineering  problems  were  involved;  the 
foundation  was  a  solid  ledge  without  a  sign  of  a  seam,  and  the  location  was 
between  two  ledge  walls  which  narrowed  as  they  stretched  down  stream. 
A  man  of  many  years'  experience  as  a  contractor's  foreman,  who  had  had 
charge  of  some  concrete  construction,  composed  the  whole  "expert"  force. 
He  was  told  to  build  the  dam  on  the  lines  outlined  above  and  left  to  his  own 
devices.  The  dam  was  built  October  2  to  9,  1912,  while  the  river  was  very 
low. 

First,  a  diversion  dam  was  built  of  feed  sacks  full  of  sand,  placed  above  the 
dam  site  and  at  a  point  to  turn  the  river  flow  through  the  canal  leading  to  the 
mill..  The  canal  was  cleared  of  rubbish,  all  gates  opened  wide,  and  the  end  of 
the  i)enstock  taken  off,  by  all  of  which  means  nearly  the  entire  flow  was 
diverted  from  the  new  work. 

Much  difficulty  was  found  in  securing  laborers  and  only  by  offering  nearly 
double  wages  could  a  gang  of  ten  men  be  secured  for  two  days.  With  the 
help  of  one  laborer,  a  handy  man  with  carpenter  tools,  and  a  horse,  the  river 
had  been  diverted,  the  site  cleared,  and  the  form  built  by  the  night  of  Oct.  6, 
and  a  full  gang  of  ten  men  reported  on  the  morning  of  the  7th. 

An  adjacent  pile  of  old  railroad  ties  was  soon  transferred  into  a  cob  house 
trestle  across  the  river  bed  adjoining  the  form  and  about  a  foot  above  its  top. 
This  planked  over,  formed  the  mixing  platform  and  the  runways.  The  sand, 
previously  hauled  from  a  bank  a  mile  away,  had  been  dumped  on  the  bank  at 
the  west  end  of  the  dam,  with  emery  ore  (used  as  aggregate  because  con- 
venient) immediately  behind  it.  Not  enough  water  ran  past  the  work  to 
provide^  the  amount  needed  for  mixing,  so  a  supply  was  brought  and  placed 
in  barrels.  Mixing  and  placing  concrete  began  about  10  o'clock  and  occupied 
the  rest  of  the  day  and  about  four  hours  of  the  next  day. 

Distribution  Por 

Labor:  Cost  cu.  yd. 

Filling  sacks  and  building  diversion  dam S  14.  375  $  1.  65 

Cleaning  diversion  channel 4. 50  .52 

Clearing  site 4. 225  .49 

Building  forms 16.  50  1. 90 

Building  mixing  platform  and  runways 6.  45  .74 

Handling  material  to  the  mixing  platform 13.  60  1.  57 

Mixing  and  placing 27. 70  3.18 

Cleaning  up 13.25  1.52 

Time  lost  by  rain 2.  65  .30 

Total  for  labor $103.  25  $11.  87 

Material: 

Emery  ore  (at  price  quoted  for  trap  rock) $  30. 00  $  3. 45 

Cement,  delivered 35. 00  4. 02 

1,500  ft.  B.M.  boards  for  forms,  delivered 30. 00  3. 45 

10  lbs.  8d.  wire  nails  at  4  cts .40  .05 

20  loads  of  sand  at  5  cts 1 .  00  .11 

Hauling  sand,  2H  days  at  $3 7.  50  .86 

Total  for  material $103.  90       $11. 94 

Total  for  labor 103. 25        11. 87 

Grand  total $207. 15      $23. 81 
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The  form  was  simply  built  with  longitudinal  top  and  bottom  stringers,  tied 
across  the  top  at  intervals  and  braced  from  the  outside,  with  vertical  boarding 
on  their  inside  faces. 

Laborers  were  paid  $2.50  per  day,  one  dollar  more  than  the  customary  rate 
in  that  section.  The  cement  a  standard  brand  of  Portland  was  obtained 
from  a  local  dealer,  the  sand  was  also  locally  secured,  and  the  concrete  was 
mixed  in  the  proportions  of  1 : 2  : 4. 

Life  of  Equipment  Used  in  Building  Dam  by  the  Hydraulic  Fill  Method. — The 
following  data  are  taken  from  an  article  in  Engineering  Record,  July  11,  1914. 

In  placing  2,000,000  cii.  yd.  of  material,  in  a  dam  145  ft.  in  height  and 
1,700  ft.  long,  about  95%  of  the  material  was  moved  by  water  and  5%  by 
Fresnos  in  building  up  the  dikes. 

The  material  was  conveyed  a  maximum  distance  of  3,000  ft.  with  a  normal 
flow  of  water  of  12  sec.-ft.  With  a  normal  solid  content  of  water  about  10  per 
cent  and  with  a  head  of  50  ft.  on  the  pumps,  which  were  12  X  12  in.  centrifu- 
gals, operating  at  600  r.p.ro.,  the  life  of  the  manganese  steel  runners  was  about  3 
months.  The  life  of  the  14  ga.  steel  distributing  pipe  with  10  ga.  slip  joint 
butts  was  about  500,000  cu.  yd.  of  material  handled.  The  pipe  cost  48.75^ 
per  ft. 

A  crew  of  6  men  for  each  shift  operated  2  pipe  systems  and  deposited  8,000 
cu.  yd.  per  24  hours.  Additional  men  were  required  for  making  the  dikes 
and  shifting  the  plant. 

Dimensions  of  Storage  Tanks  or  Reservoirs  for  Economical  Design. — In 
Engineering  News-Record,  April  3,  1917,  Arthur  JobsoU/gives  the  following 
formulffi  for  obtaining  such  dimensions  that  the  construction  cost  of  a  storage 
tank  or  small  reservoir  will  be  a  minimum.  The  formuls  were  obtained 
by  finding  expressions  for  the  cost  of  the  sides  and  bottom,  adding  them 
to  get  an  expression  for  total  cost  and  equating  the  first  derivative  to  zero. 

The  final  equations  obtained  are  as  follows: 


-u^ 


and 


■4 


^^  (2) 


ClWlWi 


in  which  R  is  radius  in  feet;  V,  capacity  in  cubic  feet;  wi,  weight  per  cubic 
foot  of  material  in  sides;  wt,  weight  per  cubic  foot  of  reservoir  contents;  ci, 
cost  per  pound  of  installing  sides;  cs,  cost  per  square  foot  of  installing  bottom; 
St  allowable  imit  stress  in  pounds  per  square  foot  for  material  in  sides,  and  d, 
depth  in  feet. 

It  is  interesting  to  note  in  equation  2  that  the  proper  depth  for  the  lowest 
cost  is  independent  of  volume  or  capacity.  For  any  assumed  capacity  tne 
depth  will  be  constant  for  given  values  of  unit  stress,  costs  of  installing  sides 
and  bottom,  unit  weight  of  contents  and  unit  weight  of  side  material 
Trial  computations  with  equation  1  will  show  that  for  the  value  of  R  giving 
the  lowest  cost  the  cost  of  installing  the  sides  and  bottom  will  be  approxi- 
mately equal,  as  they  should  be  theoretically. 

The  quantity  ci  is  intended  to  include  all  expense  for  labor  and  material 
in  connection  with  the  cost  of  installing  the  sides,  and  a  may  not  only  include 
the  expense  for  labor  and  material  in  laying  the  bottom,  but  also  the  cost  of 
grading  and  leveling  the  reservoir  site.    In  the  use  of  these  equations,  8 
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should  be  assumed  rather  small,  for  two  reasons — to  allow  for  efficiency  of 
riveted  joints  and  to  proportion  properly  the  thickness  of  vertical  sections 
of  the  plate  so  that  the  actual  net  area  may  approximate  the  theoretical  area 
used  for  computing  weight  and  cost.  For  steel  plate  with  an  ultimate  strength 
of  60,000  lb.  per  square  inch,  a  factor  of  safety  of  4,  and  a  joint  efficiency  of 
70  %  the  writer  found  that  the  value  of  S  to  be  used  was  about  1.206,000,  or 
9000  lb.  per  square  inch. 

Sidet  of  Constant  Thickness. — If  the  side-plate  thickness  is  arbitrarily 
selected  without  reference  to  the  depth  or  diameter,  the  expressions  for  the 
most  economical  dimensions  become:    

iVwici 


.-\[: 


(3) 

TCI 

and 

d  -  -^  (4) 

ttOlCl 

where  t  \a  plate  thickness  in  feet. 

If  the  value  for  R  given  by  equation  3  is  substituted  in  the  total-cost 
formula,  it  can  be  shown  that  the  dimensions  giving  the  lowest  cost  result  in 
making  the  cost  of  the  sides  equal  to  twice  the  cost  of  the  bottom,  as  against 
these  costs  being  equal  where  the  thickness  of  the  plate  is  assumed  to  vary 
either  with  the  depth  or  with  the  diameter  of  the  reservoir. 

Cost  of  Open  Concrete  Reservoir. — The  following  unit  costs  of  constructing 
the  1,300,000  gal.  concrete  reservoir  for  Webb  City,  Mo.  are  given  by  E.  W. 
Robinson,  in  Engineering  Record,  May  11,  1912.  The  reservoir  was  100  X 
200  ft.  by  9.5  ft.  deep,  no  roof  was  provided. 

Cost  of  Concrete  Reservoir 
Wali/B: 

Concrete  (634.6  cu.  yd.) —  Unit  cost  Total 

Materials $5. 053         $  3 ,  206.  62 

Mixing  and  placing 1.217  772.31 

Placing  steel,  labor 0. 024  16. 23 

Forms  (634.6  cu.  yd.) — 

Making  and  setting 1.007  639.04 

Removing,  labor 0. 098  62. 19 

Plastering  (980  sq.  yd.) — 

Materials 0.170  166.73 

Labor 0.145  141.78 

Total  for  walls,  634.6  cu.  yd.,  at  $7.885 $7. 885         $  5,003. 90 

Floor  (432.8  cu.  yd.): 

Concrete  base  (323.8  cu.  yd.) — 

Materials 2. 758  8^3. 13 

Labor 1. 156  374. 43 

Finish  (109.0  cu.  yd.) — 

Materials 5. 473  596. 52 

Labor 1.774  193.37 

Asphalting  (1972  sq.  yd.)— 

Materials 0.431  952.29 

Labor 0.052  106.96 

Total  for  floor,  432.8  cu.  yd.,  at $6. 954         $  3,009.  74 

Gsnebal: 

Excavation  (3242  cu.  yd.) 551. 14 

Embankment 348.  29 

Bond  and  insurance 73. 00 

Superintendence 700,  00 

Overhead  charges 500. 00 

Grand  total $10, 186. 07 
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Common  labor  was  paid  $2,  carpenters  $3  and  $3.50,  helpers  $2.50  and 
teams  $3.50  per  day  of  10  hours.  The  man  in  charge  of  placing  the  steel 
was  paid  $2.50,  and  a  few  other  men  received  $2.25,  $2.50  and  $2.75  per  day 
for  special  reasons.  As  a  whole  the  labor  was  fairly  efficient,  but  would  have 
been  more  so  under  more  compet^t  supervision.  The  excavation  was 
sub-let  to  another  party  at  $0.17,  which  allowed  but  small  profit.  The 
item  of  superintendence  included  the  time  of  two  members  of  the  contracting 
firm  that  was  spent  upon  the  job,  and  one  paid  superintendent  for  part  of  the 
time.  The  item  of  overhead  charges,  which  was  partly  an  estimation  and 
partly  taken  from  statements  from  the  contractors,  included  traveling  and 
other  general  expenses,  and  though  excessive  was  not  far  from  the  actual 
expense  incurred. 

The  aggregate  use  is  what  is  known  as  "chats"  or  "tailings"  which  is 
crushed  blue  and  white  flint  running  in  size  from  H  to  ^-in.  and  is  obtained 
from  the  various  mills  of  the  zinc  mines.  The  mix  was  1  part  of  cement  to 
2  parts  of  fine  "tailings"  to  4  parts  of  coarse  "tailings."  Tailings  can  gener- 
ally be  had  for  the  hauling. 

Cost  of  Covered  Concrete  Reservoir. — G.  Stanley  Whitehead  gives  the 
following  data  in  Engineering  Record,  July  1,  1911. 

The  reservoir,  for  the  town  of  Brookline,  Mass.  is  circular  in  form  with  a 
capacity  of  4,000,000  gals.,  180  ft.  in  diameter  and  23.5  ft.  deep  at  the  wall. 
The  side  walls  are  of  reinforced  concrete,  2  ft.  thick  at  the  top  and  3.5  ft. 
thick  at  the  bottom,  with  a  batter  of  H  in.  per  foot  on  the  inside.  The 
bottom  slopes  toward  the  center  at  the  rate  of  0.5  per  cent,  with  a  channel 
sloping  in  the  opposite  direction  to  drain  off  the  water  when  emptied.  The 
roof  is  of  mushroom  construction,  upheld  by  square  reinforced  concrete 
piers,  and  is  covered  with  14  in.  of  cinders  and  10  in.  of  loam;  this  and  the 
adjoining  embankment  slopes  have  been  grassed  over  and  treated  as  a  small 
park. 

The  reservoir  was  so  located  on  the  hill  as  to  make  the  cut  and  fill  about 
equal.  After  stripping  the  surface  loam  the  material  encountered  in  the 
excavation  consisted  entirely  of  hardpan,  which  was  hauled  largely  by  carts 
and  dumped  between  the  reservoir  wall  and  retaining  wall  to  form  the  slopes. 
The  fiU  thus  made  was  thoroughly  rolled  with  a  two-horse  grooved  roller. 
After  the  reservoir  wall  was  closed  in,  the  excavation  was  removed  by  the 
use  of  a  derrick  set  up  just  outside  the  main  wall  and  used  later  to  carry  the 
concrete  from  the  mixing  plant. 

A  concrete  retaining  wall,  18  in.  wide  on  top,  with  a  batter  of  \i  in.  to  the 
foot  on  the  inside  and  1  in.  to  the  foot  on  the  outside,  nearly  encircles  the 
reservoir.  It  is  of  1 :2 :4 :  Portland  cement  concrete,  varying  from  2  to  6 
ft.  in  height,  and  takes  the  earth  embankment  graded  to  a  IH  to  1  slope  from 
the  roof  of  the  reservoir.  It  was  built  primarily  to  shorten  that  portion  of  the 
embankment  that  faces  private  residences.  The  foundation  is  of  stone 
and  cinders  extending  4.5  ft.  below  the  natural  surface  of  the  ground,  at  the 
bottom  of  which  is  a  6-in.  tile  pipe,  laid  to  drain  the  wall  and  take  any  possible 
leakage  from  the  reservoir.  No  reinforcement  was  used  in  the  wall;  con- 
sequently, cracks  extending  from  top  to  bottom  opened  up  about  every  60  ft. 
after  standing  through  the  first  winter.  This  condition,  however,  was 
expected,  and  no  effort  was  made  to  prevent  it,  as  the  wall  will  be  ultimately 
covered  with  vines  and  shrubbery. 

The  concrete  in  the  main  reservoir  wall  is  composed  of  1  part  Atlas  Port- 
land cement,  2  parts  sand  and  4  parts  screened  gravel  containing  stones  not 
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laiger  than  2H  in-  The  reinforcement  consists  of  IH  and  K-iO'  round  bars, 
spaced  as  shown  in  the  cross  section.  The  bars  were  held  in  place  by  the  use 
of  perpendicular  steel  lattice  work  supports  set  15  ft.  apart;  the  ends  of  the 
rods  were;lapped  40  diameters  and  wired. 

Cost  of  Concrete  per  Cubic  Yard 

Main  Wall 

Labor $  2. 64 

Cement f 2.04 

Gravel  and  sand 2. 84 

Steel 2. 26 

Lumber .77 

Tools,  concrete  mixer  supplies  and  miscellaneous 1 .  00 


$11.45 
Credit  for  sale  of  material .34 


Total  cost  per  cu.  yd $11, 11 

Retaining  Wall 

Labor $  2.  54 

Cement 2.  04 

Gravel 2. 84 

Lumber .77 


Total  cost  per  cu.  yd $  8. 19 

Floor,  Piers  and  Roof 

Labor $  3. 14 

Lumber 1.11 

Gravel  and  sand 2. 85 

Cement 2.  54 

Steel 1 .  56 

Tools,  cars,  derrick  and  miscellaneous .99 


$12. 17 
Credit  for  sale  of  material .29 


Total  cost  per  cu.  yd $11.  88 

Wateri)roofing  roof .99 

Plastering  bottom  and  sidewalk .97 

Cost  of  Labor  and  Materials 

Cement $  1.  62  per  bbl. 

Sand  and  gravel 2. 10  per  cu.  yd. 

Lumber  • 23. 00  to  $29.  00  per  M. 

Steel 0. 015  per  lb. 

Labor 2.  25  per  day 

•  Dimension  lumber  cost  $29.00  per  M. 

The  total  cost  of  the  reservoir,  including  the  land  purchased  and  the  con- 
struction of  1500  ft.  of  roadway,  was  $80,212. 

Cost  of  Small  Reinforced  Concrete  Reservoirs. — John  W.  Ash  in  Engineer- 
ing Record,  Jan.  25,  1913,  gives  the  following  costs  of  constructing  the  con- 
crete tanks  and  reservoir  for  the  waterworks  plant,  Dalton,  Ga. 

The  main  reservoir  is  80  ft.  in  diameter,  21  ft.  deep,  and  has  10-in.  walls, 
with  coping  floor  6  in.  thick.  The  footing  course  is  12  in.  deep  and  2  ft.  wide. 
Concrete  was  a  1:2:4  mixture.  The  construction  of  the  main  reservoir, 
which  is  located  on  the  top  of  a  hill  about  300  ft.  above  the  creek  level,  in- 
volved some  features  a  little  out  of  the  ordinary.  There  was  no  road  to  the 
top  and  to  have  built  one  would  have  required  considerable  time  and  money. 
It  was  decided,  therefore,  to  put  the  mixing  plant  at  the  foot  of  the  hill  and 
haul  the  oonciete  and  other  materials  to  the  top  on  a  tramway.    The  tramway 
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ties  were  poles  and  stringer  pieces  and  the  rails  were  made  of  2  X  4-in. 
timbers,  laid  double  and  well  spiked  together.  The  total  length  of  tramway 
was  about  900  ft. 

The  concrete  was  carried  in  two  concrete  carts;  each  cart  carried  one  batch. 
While  these  were  being  hauled  to  the  top  and  returned  empty  two  more 
would  be  loaded  and  ready  when  the  empties  returned.  At  the  top  the  landing 
platform  was  nearly  on  a  level  with  the  top  of  the  reservoir  walls,  but  as  these 
walls  were  carried  up  in  7-ft.  sections,  the  concrete  was  dumped  down  a  chute 
to  a  platform  on  a  level  with  the  top  of  the  section,  where  it  was  rehandled 
with  wheelbarrows.  After  the  work  of  concreting  was  well  started  and  each 
man  knew  just  what  he  was  to  do,  a  round  trip  could  be  made  very  quickly. 
The  best  day's  run  was  74  trips  in  8  hours — ^less  than  7  min.  to  a  trip.  The 
average,  however,  was  about  9  min.,  owing  to  an  occasional  derailment  or 
other  slight  delay.  The  car  made  about  800  trips  and  got  away  once  through 
some  carelessness  in  letting  it  get  unhooked  after  landing  at  the  top. 

It  took  about  3  hours  to  get  the  track  back  in  shape,  rig  another  car  and 
start  running  again.    This  was  the  only  accident  and  no  one  was  hurt. 


Reservoir  Costs 


Hauling 

Shanties,  tool  and  cement  houses   

Tramway 

Excavation,  1650  cu.  yd 

BackfiU 

Concrete,  282  cu.  yd $213. 70 

Steel 18.00 

Forms 

Finishing     and     water-proofing 

Hauling  water  ''''...'.'.'...'.'.'.'.'.    *  *  36!  66" 
Erecting  and  handling  outfit. ...       27.  25 

Coal,  oil,  waste,  etc 

Depreciation,  repairs,  etc 

Operating  tramway 

Waterproofing  compound 


Labor 

$  67.00 
103. 20 
333.00 
28.50 
396. 75 
183. 45 
252.25 

42.70 

"84!  65 

■ " 29! 75 
210.00 


Material 

;  46. 20 
53.70 
12.60 

' 966! 25 

1,197.32 

261.81 

28.60 


67.90 
232.50 

193! 66 


Total 

\     113.20 

156.90 

345.60 

28.50 

1,510.70 

1,398.77 

514.06 

71.30 
30.00 
111.90 
67.90 
262. 25 
210.00 
193.00 


Grand  total $6,014. 08 


The  coagulating  basin  is  40  ft.  inside  diameter  and  10  ft.  deep.  The  walls 
are  9  in.  thick  and  bottom  is  4  in.  thick.  The  basin  has  four  wooden  baffle 
walls  built  of  2-in.  plank  and  4  X  6-in.  posts.  The  concrete  was  mixed  in  the 
proportions  of  1:2:4. 

COAQULATING    BaSIN    CoBTS 

Labor      Material      Total 

Excavation,  325  cu.  yd $160.  25  $  34.  75  $195. 00 

Concrete,  56  cu.  yd 50.  60  214. 70  266. 30 

Steel.  3030  lb 24. 20  65. 90  90. 10 

Forms 68. 10  52. 16  110. 25 

Baflae-walls 12.30  72.00  84.30 

Finishing  and  waterproofing 23. 90  12.  30  36. 20 

Pipe  connections,  etc 8.  60  3.  70  12. 30 

Grand  total $793. 45 

The  clear  water  well  is  40  ft.  inside  diameter,  12  ft.  deep,  with  9-in.  walls, 
6-in.  floor  and  a  self-supporting  concrete  roof  having  a  rise  of  4  ft.  &t  th6 
center,  where  there  is  a  4-ft.  man-hole  with  screen  ventilator.  The  mixture 
of  concrete  used  was  1:2:4. 
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Clear  Water  Well  Costs 

Labor         Material  Total 

Wet  excav.,  150  cu.  yd $  65. 00         $      65. 00 

Concrete.  128  cu.  yd 146. 40  1484. 00  630. 40 

Forms 115.20  128.00  243.20 

Reinforcement.  7880  lb 59. 10  213. 90  273. 00 

Pipe  conn's,  ventilator,  etc 13. 50  12. 25  25. 75 

Coal.  oil.  waste,  etc 21. 30  21.  30 

Finishing  walls 16. 25  8. 70  24. 95 

Grand  total SI ,  283.  60 

Cement  cost  $1.35  per  barrel;  sand.  $1.05  per  ton;  stone,  $1.43  per  ton. 
Labor  was  $1.35  and  $1.50  per  day;  carpenters,  $2.25  to  $3.50  iwr  day. 
The  labor  item  includes  foremen  and  superintendence. 

Cost  of  Concrete-Lined  Oil-Storage  Reservoirs. — Bulletin  155  of  the 
U.  S.  Bureau  of  Mines  prepared  by  C.  P.  Bowie  givea  some  detailed  costs 
and  specifications  for  constructing  reservoirs  of  the  above  type.  The  follow- 
ing matter  is  taken  from  an  abstract  of  this  bulletin  published  in  Engineering 
and  Contracting,  May  15,  1918. 

The  reservoirs  are  commonly  circular  in  plan,  and  are  constructed  by 
making  an  excavation  and  building  an  earthen  embankment  with  the  exca- 
vated material.  The  area  within  the  inner  crest  of  the  embankment  is  then 
covered  with  a  wooden  roof  and  the  bottom  and  sides  of  the  inclosed  place 
lined  with  concrete. 

The  dimensions  of  a  typical  container  are  as  follows:  Inside  diameter  at  top, 
488  ft.;  inside  diameter  at  bottom,  437  ft.  6  ins.;  maximum  depth,  approxi- 
mately 25  ft.  11  ins.  The  slopes  of  the  embankment  are:  Slope  of  embank- 
m«it  inside  reservoir,  1  to  1 ;  slope  of  embankment  outside  reservoir,  2  to  1 ; 
slope  of  embankment  top  of  reservoir,  20  to  1.  The  width  of  the  embank- 
ment on  top  is  15  ft.  The  roof  is  constructed  of  wood,  covered  with  roofing 
paper. 

The  cost  of  such  a  reservoir  would  be  10  to  13  cts.  per  barrel  of  capacity, 
dependent  on  the  situation  and  other  governing  conditions.  On  a  basis  of 
11  cts.,  the  cost  would  be  distributed  approximately  as  follows: 

Cost  of  earthwork,  cts 3.5 

Cost  of  roof,  cts 3.0 

Cost  of  concrete  lining,  cts 4.5 

Total,  cts 11.0 

An  unlined  earthen  reservoir  with  the  same  type  of  roof  construction  would 
cost  7  to  9H  ct-  a  barrel,  and  it  is  estimated  that  a  concrete  lined  reservoir 
with  a  concrete  roof  on  concrete  roof  supports  and  covered  with  2  ft.  of  earth 
would  cost  about  30  ct.  a  barrel. 

The  following  figures  for  labor  costs  cover  the  construction  of  two  750,000- 
bbl.  reinforced  concrete  lined  reservoirs  built  at  Bakersfield,  Cal.,  during  the 
winter  and  spring  of  1913-14: 

E^arthwork: 

Excavating  for  embankment,  per  yd $0. 22 

Tiining  inner  slopes  with  selected  material,  per  yd 51 

Finishing  floor,  per  sq.  ft 005 

Excavating  for  pier  footings,  trenches,  etc.,  per  yd 70 

Trimming  slopes,  per  sq.  ft 012 
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Roof: 

Hauling  lumber  from  cars  (H  mile),  per  M 1 .  19 

Framing  lumber  for  roof,  per  M 1.60 

Erecting  roof,  per  M , 3. 80 

Sawing  sheathing,  per  M 1 .  35 

Roofing: 

Laying  roofing  paper,  per  square .^ 12 

Hauling  roofing  gravel  from  cars  (H  mile),  per  ton 25 

Placing  asphalt  and  gravel  coating,  per  square 32 

Concrete  lining: 

Hauling  cement  from  cars  (H  mile),  per  ton 54 

Hauling  sand  from  creek  bed  (2  miles),  per  yard 86 

Hauling  rock  (>^  mile  from  cars),  per  yd 50 

Laying  reinforcing  metal  on  slope,  per  square 16 

Laying  reinforcing  metal  on  floor,  i>er  square 08 

Pouring  concrete  piers,  per  yd •4. 63 

Pouring  concrete  Boor,  per  yd *2. 51 

Pouring  concrete  slope,  i>er  yd •3. 46 

*  Including  cost  of  rock,  at  11.60  per  ton.     All  material  except  sand  and  gravel 

was  furnished  by  the  .owner  at  the  Southern  Pacific  R.  R.  H  mile  distant  from 

the  work. 

The  figures  given  are  based  on  the  following  conditions: 
Situation  of  reservoir,  H  niile  from  railroad. 
Formation  of  soil,  light  sandy  clay. 
Excavators  used,  wheel  and  "fresno"  scrapers. 
Hours  worked  a  day,  9. 
Wage  paid  laborers,  $2.50  a  day. 
Wage  paid  carpenters,  $3.50  a  day. 
Wage  paid  concrete  laborers,  $2.75  a  day. 
Wage  paid  concrete  finishers,  $4.50  a  day. 
Wage  paid  foremen,  $6  a  day. 

Cost  of  Small  Reinforced  Concrete  Reservoir. — C.  A.  Bingham  in  Engi- 
neering and  Contracting,  April  3,  1912,  gives  the  following  costs  of  construct- 
ing a  small  concrete  reservoir  at  Mt.  Holly,  Pa.  The  reservoir  was  built  in 
1909  by  the  Cumberland  Clay  Co.  to  impound  water  for  various  processes 
in  the  refining  of  clay. 

The  reservoir  is  73  ft.  long  and  53  ft.  wide  and  5  ft.  inside  depth,  thus  holding 
140,000  gals.  About  3  ft.  of  the  wall  is  in  cut,  which  was  shale  and  tough 
clay;  and  the  remainder  is  above  the  natural  surface.  The  walls  are  6  ft. 
total  height,  and  12  ins.  thick  at  top  and  18  ins.  at  bottom,  with  an  inside 
heel  12  X  15  ins.  Batter  is  all  on  the  outside.  On  three  sides  a  fill  was  made 
to  within  18  ins.  of  top  of  wall,  but  on  lower  side  this  would  have  meant  an 
excessive  cost  so  buttresses  were  built  every  10  ft. 

The  walls  were  heavily  reinforced  both  horizontally  and  vertically  with  light 
rails  and  other  steel  on  hand  and  at  the  comers  heavy  steel  bent  to  right 
angles  was  placed  on^l2-in.  centers,  the  arms  running  from  3  to  6  ft.  into 
each  side  wall.  Keyed  expansion  joints  were  used  every  30  ft.  The  floor 
was  constructed  by  a  well  puddled  mixture  of  clay  and  gravel  and  given  a 
surfacing  of  4  ins.  of  concrete  and  cut  in  blocks. 

A  heavy  wire  fence  was  placed  on  top  of  the  wall.  The  outlets  to  the 
mills  are  controlled  by  valves  and  the  overflow  is  taken  care  of  by  a  small 
spillway.  After  three  years  of  service  the  reservoir  is  as  good  as  the  day 
completed;  the  only  maintenance  being  an  occasional  cleaning  of  the  day 
sediment  on  the  bottom.    It  doesn't  leak  at  all  and  the  walls  haven't  cradced. 

The  work  was  performed  by  the  company  forces  imder  plans  of  the  writer; 
and  the  sand  and  gravel  was  procured  on  the  property.    The  cost  data  follow: 
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Excavation: 

1  foreman  7  days  at  $2 $  14. 00 

7  laborers  7  days  at  $1.25  up 75. 25 

2  carts  5  days  at  $3 30. 00 

Total  for  360  cu.  yds. $119.  25 

Cost  per  cu.  yd.,  excavation,  33  cts. 
Concreting: 

Form  work:  Carpenter  and  helper  (old  lumber  used) $  22.  75 

Mixing  and  placing:  Foreman  7  days  and  7  laborers  7  days 75. 25 

186  bbls.  cement  at  $1.35 249.  75 

192  cu.  yds.  gravel  at  $0.40 76. 80 

Reinforcing 16. 00 

Total  for  144  cu.  yds.  concrete $440.  55 

Cost  per  cu.  yd.,  concrete,  $3.06. 
Cl%y  floor,  fence,  miscellaneous  (not  including  pipes  or  valves) 84. 40 

Total  cost $644.  20 

The  cost  of  the  reservoir  complete  per  1,000  gals,  was  $4.60. 

Cost  of  Reinforced  Concrete  Cisterns  at  Fort  Moultrie,  Charleston,  S.  C. — 
R.  A.  Soothe  gives  the  followiiig  in  Engineering  and  Contracting,  Aug. 
9,  1911. 

This  work  consisted  of  three  30,000-gal.  and  four  8,000-gal.  capacity 
reinforced  concrete  cisterns  for  the  War  Department  at  Fort  Moultrie, 
Charleston,  S.  C. 

The  large  cisterns  were  24  ft.  in  diameter  and  10  ft.  high  inside  with  a  10-in. 
drain  and  10-in.  inlet  and  overflow.  They  were  built  with  a  12-in.  base 
28  ft.  4  ins.  in  diameter,  reinforced  in  the  center  with  No.  10  expanded  metal 
with  6  X  3-in.  mesh.  The  waUs  were  8  ins.  thick  and  were  reinforced  with 
^8 -in.  twisted  vertical  rods  spaced  12  ins.  on  centers  and  H-in.  twisted  hori- 
zontal rods  spaced  2.4  ins.  for  the  first  2  ft.;  3  ins.  for  the  next  1  ft.;  4  ins.  for 
the  next  2  ft. ;  and  6  ins.  for  the  last  4  ft.  The  roof  was  a  10-in.  slab,  rein- 
forced with  }ri-in.  rods  spaced  3H  vaa.  centers  both  ways. 

The  small  cisterns  were  13  ft.  in  diameter  and  10  ft.  high  inside  with  an  8-in. 
drain  and  overflow  and  6-in.  inlet.  They  were  built  with  a  12-in.  base, 
reinforced  the  same  as  the  large  cisterns.  The  walls  were  8  ins.  thick  with 
>8-in.  twisted  vertical  rods,  spaced  12  ins.  on  centers,  and  H-in-  horizontal 
rods,  spaced  4  ins.  centers  for  the  first  3  ft.  and  6  ins.  centers  for  the  remaining 
7  ft.  The  roof  was  a  6-in.  slab  reinforced  with  ?8-in.  rods,  spaced  4  ins. 
centers  both  ways. 

Each  cistern  had  an  18  X  24-in.  trapdoor  in  the  roof.  All  concrete  was  a 
1 :2 :4  mix,  using  Pom-Pom  gravel  and  ^^-in.  crushed  granite. 

The  segments  for  the  wall  forms  were  sawed  at  the  mill  out  of  2  x  12  in. 
long  leaf  yellow  pine.  They  were  sawed  to  the  exact  outside  diameter  and  the 
inner  parts  were  trimmed  on  the  job  with  sharp  hatchets  to  fit  the  inside 
diameter.  There  were  six  segments  in  each  circle  for  the  small  cisterns  and 
twelve  in  each  circle  for  the  large  ones.  The  circles  were  spaced  2  ft.  centers 
and  1}4  in.  long  leaf  yellow  pine  was  used  for  sheeting. 

On  the  first  cistern  that  was  built,  which  was  a  small  one,  the  walls  and  top 
were  built  together  but  it  was  found  to  be  too  hard  to  remove  the  forms 
through  the  small  trapdoor,  so  for  the  others  the  forms  were  built  in  sections 
extending  from  the  bottom  to  the  top  and  one  segment  wide  for  the  inside 
form.  After  the  complete  inside  drum  was  built  the  vertical  rods  were  placed 
and  the. horizontal  rods  bent  around  and  fastened  to  them.    Every  sixth 
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vertical  rod  was  held  in  place  by  a  block  spacer.  The  horizontal  rods  were 
wired  to  the  vertical  rods  at  every  other  joint,  the  ties  being  staggered. 

The  outside  forms  were  then  placed.  These  were  2  ft.  high  and  one  segment 
wide  and  were  made  so  that  the  next  section  fitted  into  the  one  below.  As 
soon  as  one  section  was  filled  with  concrete  the  next  was  placed,  three  car- 
penters being  able  to  keep  up  with  the  concrete  gang.  AU  of  the  segments 
were  fastened  together  at  the  joints  with  cleats  and  were  found  to  be  so  rigid 
that  no  braces  were  necessary. 

After  the  walls  had  set  the  cleats  were  knocked  off  and  the  sections  removed. 
On  the  inside  one  of  the  joints  was  left  wide  as  it  was  found  to  be  necessary 
to  cut  out  one  board  before  the  forms  could  be  removed.  The  sections  were 
then  slid  out  over  the  top  and  2  x  4-in.  uprights  were  placed  on  the  inside, 
these  carried  the  2  x  6-in.  cross  pieces  on  which  the  floor  for  the  top  was  laid. 
The  cross  pieces  were  spaced  2  ft.  centers  and  the  uprights  4  ft.  centers  while 
the  sheeting  was  the  same  as  that  used  for  the  walls.  The  top  was  then  con- 
creted and  after  it  had  set  about  six  days  the  forms  were  removed  and  passed 
out  through  the  trapdoor. 

All  of  the  concrete  was  mixed  by  negroes  on  boards  as  the  cisterns  were 
too  far  apart  for  a  central  mixing  plant  and  each  one  was  too  small  to  pay  for 
the  setting  up  of  a  mixer. 

The  laborers  were  paid  15  cts.  per  hour  and  worked  8  hours.  The  carpen- 
ters were  also  negroes  and  received  20  cts.  per  hour  with  the  exception  of  the 
head  carpenter  who  was  a  white  man  and  received  30  cts.  per  hour.  There 
were  no  foremen  as  the  superintendent  looked  after  everything  with  the 
assistance  of  a  young  man  who  kept  the  time  and  account  of  supplies  and 
occasionally  acted  as  gang  foreman  on  excavation. 

The  usual  routine  was  to  mix  and  place  the  base  for  a  small  cistern,  then 
while  the  carpenters  were  erecting  the  wall  forms,  mix  and  place  the  base  for  a 
large  cistern,  then  come  back  and  All  the  forms  on  the  small  one  while  the 
carpenters  were  building  forms  on  the  large  one. 

In  placing  the  walls  and  top  of  the  small  cisterns  the  concrete  was  mixed 
on  the  ground  and  passed  up  in  buckets  by  hand  as  the  nature  of  the  surround- 
ings did  not  allow  the  use  of  runways,  but  in  building  the  large  one  runways 
were  built  and  the  concrete  wheeled  into  place.  Although  passing  the  con- 
crete up  in  buckets  was  slow  it  was  not  a  great  deal  more  expensive  than 
wheeling.     The  cost  of  large  cistern  was  as  follows: 

CONCRBTINO 

Base:  Per 

cu.  yd. 

22  laborers  8  nrs.  at  15  cts $26. 40     $1. 10 

Superintendent 6. 00       0. 12H 

Total $31.40     $1. 12H 

Walls: 

15  laborers  9  hrs.  at  15  cts $23. 15     $1. 21 

Superintendent 5. 00         .26 

Total $28. 15     $1.46 

Roof: 

19  laborers  7  hrs.  at  15  cts $20.  70     $1. 38 

Superintendent 25.00         .33H 

Total $25. 70     $1.71M 
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BuiLDnra  Fobms  For  Walls 

1  oarpento-  62  hra.  at  30  eta $18. 60 

2  carpenters  62  hn.  at  20  cts 24. 80 

2  laborers  30  hn.  at  15  cts 11.70 

$55.10 

This  gives  a  cost  of  $.04  per  sq.  ft.     Removtng  same  $4.00,  or  $.009  per 

sq.  ft. 

Building  Forms  For  Roofs 

1  carpenter  18  hrs.  at  30  cte $  5. 40 

2  carpenters  18  hrs.  at  20  cts 7. 20 

2  laborers  18  hrs.  at  15  cts 5. 40 

$18.00 

This  gives  a  cost  of  $.0355  per  sq.  ft.     Removing  the  forms  cost  $7.75  or 

$.005  per  sq.  ft. 

Placing  Strxl 
Walls: 

Per  ft.       Per  lb. 

8  laborers  8  hrs.  at  15  cts $9.60     $0.0029     $0.0038 

Sm>erintendent 8.00      0.0005      0.0007 

Total $11.60     $0.0034     $0.0045 

Roof: 

11  laborers  1  hr $1.65       $0,001 

The  cost  of  two  small  cisterns  was  as  foUows: 

Base        Walls       Roof 

Concrete,  per  en.  yd $1.29  $1.51  $1.80 

Sted,perU> 0.005       0.001 

Forms,  per  sq.  ft 0.037       0.04 

RemovisKsame 0.005      0.01 

The  costs  aie  higher  than  they  should  be  on  this  class  of  work.  This  was 
nmtff^  by  the  inexperienced  labor  and  because  the  work  was  scattered. 
Also  1^  the  engineer  insisting  on  a  number  of  minor  details  that  were  unnec- 
but  caused  additional  work. 
ci  Vnderground  Concrete  Cisterns. — Cisterns  of  75.000  gal.  capacity 
oonstructed  in  San  Francisco  as  auxiliary  water  supply  for  fire  protec- 
There  were  85  new  cisterns,  built  beneath  the  surface  at  street  crossings 
eiMct  position  indicated  by  a  distinctive  type  of  pavement  over  them. 
A.  J.  Oeary  gives  the  detailed  costs  of  a  typical  cistern  in  Engineering  Record. 
Julj  26.  1913. 

Tlat  csstems  were  constructed  by  contract,  but  very  accurate  cost  data  were 
kept  bj  tlie  city's  bureau  of  engineering.  Following  is  a  typical  cost  account 
for  caBEtrocting  the  cistern  shown  in  Fig.  8. 

Detail  Costs  of  Concrete  Cistern 

General  Expense 
Ooet: 

ent,  219H  hours  at  87>^  cents $192. 06 

.  142H  hours  at  31^  cents;  5  hoars  at  50  cents 47. 03 

iix.  652  hours  at  Ziyi  cents 203. 75 

T«l»3 $442. 84 

Cost: 

$  28.  50 

watt  and  horse 21 .  00 

rr^i  oaj  at  20  cents 2. 00 

$  51. 50 
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Removing  Pavement 

Labor  Cost: 

Foreman,  15  hours  at  43^  cents $     6. 56 

Laborers,  220  hours  at  25  cents 55. 00 

Team,  8  hours  at  75  cents 6. 00 

Total $67. 56 


Bottom  Top 

Fig.  8. — Typical  reinforced-concrete  cistern. 


Excavation 

Labor  Cost: 

Foreman,  169>^  hours  at  43^  cents $  74. 16 

Foreman,  46H  hours  at  50  cents 28.  26 

Laboreris,  1981  hours  at  25  cents 496. 26 

Team,  317H  bours  at  75  cents 288. 12 

.  Total $830. 77. 

Material  Cost: 

Motor  rent $  10.00 

Electric  power 10, 00 

Depreciation  on  equipment 60. 00 

Total •  70.00 
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Lagginq 
Labor  Cost: 

Forenuin,  148  hours  at  50  cents , ^ .  $  74. 00 

Foreman,  65  hours  at  43^  cents 24.  OQ 

Laborers,  754>^  hours  at  25  cents 188.  62 

Laborers,  893^  hours  at  31kt  cents 279.  29 

Electrician,  77>^  hours  at  37H  cents 29. 06 

Total S695. 03 

Material  Cost: 

4410  ft.,  2  X  8  R.  P.,  at  15  cents %  66. 15 

1  k^  nails 3. 00 

Total $  69. 15 

PCMPINQ 

Labor  Cost: 

Foreman,  11  hours  at  50  cents $     5.   0 

Foreman,  29  hours  at  43^  cents 12.  69 

Electrician,  88 >^  hours  at  37H  cents 33. 19 

Laborers,  240  hours  at  31 J^  cents 75. 00 

Laborers,  83^  hours  at  25  cents 20. 87 

Total $147. 25 

Material  Cost: 

7H-hp.  motor,  4-in.  pump,  105-ft.  R.  P.,  at  $15  per  M $     1.60 

100-ft.  T.  &  G.,  at  $20  per  M 2. 00 

Motor  rent 30. 00 

Electric  power *. 49. 00 

Installation  fee 10. 00 

Total $  92.  60 

Bottom  Rbinfobcing  Stebl 

Material  Cost: 
Housesmiths,  160  hours  at  62H  cents $100. 00 

Labor  Cost: 

2038  lb.  %-in.  steel  at  $0.021 $  42. 80 

4566  lb.  1-in.  steel  at  $0.021 95.  89 

Ties  and  spreaders 8. 00 

Total $146.  69 

Side  Rbinfobcing  Stbbl 

Labor  Cost: 
Housesmiths,  72  hours  at  62>^  cents $  45. 00 

Material  Cost: 

1584  lb.  ^-in.  steel  at  $0.021 $  33.  26 

2529  lb.  ^-in.  steel  at  $0.021 63. 11 

Total $  86. 37 

Dome  Rbinfobcing  Stbbl 

Labor  Cost: 

Housesmiths,  84  hoiu*s  at  62J^  cents $  52.  50 

Laborer,  8  hours  at  31M  cents 2.  60 

Total $  65.00 

Material  Cost: 

1623  lb.  ^-in.  steel  at  $0.021 $  34. 09 

1829  lb.  %-in.- steel  at  $0^21 38. 40 

3663  lb.  1-in.  steel  at  $0.021 74.  61 

Tics  and  spreaders 8. 00 

Total $165. 10 
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Bottom  Concbbtb 
Labor  Cost: 

Concrete  foreman,  8  hours  at  75  cents $    6. 00 

Concrete  laborers,  102  hours  at  50  cents 51. 00 

Foreman,  8  hours  at  50  cents 4. 00 

Laborers,  160  hours  at  31K  cents 50. 00 


Teams,  8  hours  at  75  cents 


6.00 


Total $117.00 

Material  Cost: 

43  yd.  rock  at  $1.40 $  60. 20 

54  yd.  sand  at  $1.50 8. 10 

60?^  bbl.  cement  at  $2.45 148. 84 

360  lb.  Medusa  at  14^  cents 52. 20 

Depreciation  on  equipment 5. 00 

Total $274.34 

Side  CoNCBBTa 
Labor  Cost: 

Foreman,  18  hours  at  50  cents $    9. 00 

Carpenters,  3  hours  at  50  cents 1. 60 

Laborers,  184  hours  at  31K  cents 57. 50 

Teams,  8  hours  at  75  cents 6. 00 

Total .' $  74.00 

Material  Cost: 
216  sacks  cement  at  50  cents $108. 00 


300  ft.  Medusa  at  14^  cents. 

33  yd.  rock  at  $1.40 

4)^  yd.  ocean  sand  at  $1.50, 
5  yd.  city  sand  at  50  cents . . 


43.50 

46.20 

6.38 

2.25 


Total $206. 33 

Dome  Concbbte 
Labor  Cost: 

Foreman,  7  hours  at  50  cents $    3. 50 

Laborer,  92  hours  at  31K  cents 28. 75 

Concrete  foreman,  8  hours  at  75  cents 6. 00 

Concrete  laborers,  94  hours  at  50  cents 47. 07 

Engineer,  9  hours  at  37K  cents 3. 90 

Team,  14  hours  at  75  cents 10. 52 

Total $  99. 10 

Material  Cost: 

2  M.  H,  covers  and  intake  pipe $  25. 00 

270  sacks  cement  at  60  cents 162. 00 

6  yd.  ocean  sand  at  $1.50 9.00 

20  yd.  city  sand  at  50  cents 10. 00 

50  yd.  rock  sand  at  $1.40 70. 00 

Total $276.00 


Summary  op  Concrete  Cistern  Cost 


Labor 

General  expense .•  •  •  •  ^^2. 84 

Removing  pavement,  basalt  blocks  on  6-in. 

base 67.  56 

Excavation  (sand) 830.  77 

Lagging  (2X8  in.) 595.03 

Pumping 147.  25 

Reinforcing  steel 200. 00 

Concrete 317.  24 

Forms 187.  33 

Backfill  (sand) 47. 06 

Pavement  and  curb 102. 93 

Catch  basin •  16.  87 

Sidewalk 5. 00 


Material 
$     51.50 


70;  00 
69.15 
92.60 
388. 16 
779.  62 
59.55 

*  76.56 
14.40 
51.10 


Labor  and 
material 
$  494.34 

67.56 
900.77 
664.18 
239.85 
588.16 
1096.86 
246.88 

47.06 
178. 4» 

31.27 

56.10 


Total $2959.88    $1651.68    $4611.46 


J 
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Unit  Costs 

Removing  pavement 800  sq.  ft.  $  0. 084  per  sq.  ft. 

Excavation  sand 690  cu.  yds.                1 .  305  per  cu.  yd. 

Lagging  (2  X  8  in.) 4,410  ft.  b.  m.  160.61  per  M. 

Reinforcing  steel 9.  79  tons               60. 08  per  ton 

Concrete. 146  cu.  yd.                 7. 513  per  cu.  yd. 

Hours  of  Labor  Required  on  Concrete  Cisterns. — The  following  mis- 
cellaneous costs  on  the  construction  of  the  foregoing  reinforced  concrete 
cisterns  are  taken  from  an  article  in  Engineering  and  Contracting,  Mai'ch  30, 
1910,  by  Benjamin  Brooks  who  was  employed  by  the  city  of  San  Francisco 
to  inspect  the  work  and  keep  cost  data  on  the  erection  of  the  cisterns. 

The  mixture  was  I'of  cement  to  5  of  broken  stone,  with  enough  sand  to  fill 
the  voids,  which  meant  a  1 :2>^  :6  or  a  1 :3 :5  mixture,  according  to  the  run  of 
materials  and  judgment  of  the  engineers.  Six  poimds  of  some  approved 
water-proof  compound  was  to  be  mixed  dry  with  each  barrel  of  cement  used 
in  the  sides  and  bottom  (but  not  in  the  domes),  and  this  necessitated  at  least 
one  extra  man  to  mix  it  with  a  hoe,  measure  it  into  boxes  and  pass  it  to  the 
man  on  the  mixer  platform.  On  completion  of  the  concrete  the  bottom 
received  a  regular  sidewalk  finish,  and  the  sides  and  top  a  brush  over  with 
grout. 

Co8t  of  Forms. — Cistern  A  forms  cost  as  follows: 

Man  hrs.  making  per  M  lumber,  12.4;  per  sq.  ft.  surface,  .03. 
Man  hrs.  setting  per  M  lumber,  47.4;  per  sq.  ft.  surface,  .24. 
Which  at  $.62^  per  hour  is  equivalent  to: 
Making  $7.75  per  M,  or  $.02  per  sq.  ft.  surface. 
Setting,  29.62  per  M,  or  $.15  per  sq.  ft.  surface. 

On  cistern  B,  forms  already  made  for  another  cistern  were  used  and  cost 
for  placing  and  removing  as  follows: 

Per 
sq.  ft. 

Man  hrs.  at  $.62^  placing  17.25  per  M 069 

Man  hrs.  at  $.28  placing  12.25  per  M 049 

Man  hrs.  at  $.28  removing  12.75  per.  M 014 

which  is  equal  to: 

Placing  forms $14. 21  per  M  or  $.  057  per  sq.  ft. 

Removing  forms 3.  57  per  M  or    .  014  per  sq.  ft. 

Total $17.  78  per  M  or  $.  071  per  sq  ft. 

For  dstem  C,  wall  forms  were  already  made  for  another  cistern  and  required 
only  a  little  patching. 

Patching  and  placing  required  44  man  hours  at  25  cts.  plus  73  man  hours 
at  62H  cts.,  which  equals  4H  cts.  per  sq.  ft.,  including  the  placing  of  chutes. 

Removing  forms  and  clearing  cistern  required  61  man  hours  at  25  cts.  and 
21  man  hours  at  62H  cts.,  which  equals  2.8  cts.  per  sq.  ft. 

For  ciBtem  D,  wall  forms  were  already  made  and  required  for — 

Placing  (125  man  hrs.  at  62Mc»  20  man  hrs.  at  25c)  equals  $22.46  per  M,  or 
llKoc  per  sq.ft. 

Removing  (12  man  hrs.  at  62Hc,  37  man  hrs.  at  25c)  equals  l^c  per  sq.  ft. 

Coat  of  Reinforcing  Bars  per  Ton,  Cistern  A. — To  bend  and  place  1  In., 
^  In.  and  ^  in.  twisted  square  bars  required  38  man  hours  per  ton,  which  at 
62H  cts.  =  $23.75. 

Cistern  B. — Bending  and  placing  1  in.,  ^i  in.  and  %  in.  bars  required  62 
man  hours  per  ton  at  62M  cts.  »  $32.50  per  ton. 
18 
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Cistern  C. — Reinforcing  bars  required  41H  man  hours  per  ton  to  bend  and 
place,  which  at  62K  cts.  »  $25.83. 

Coat  of  Concrete,  Cistern  A. — Concrete  was  mixed  about  1:2^:5  in  a  Chi- 
cago Improved  cube  mixer,  turning  out  about  7  cu.  yds.  per  hour  with  a 
trained  crew,  and  was  wheeled  and  dumped  in  concrete  "buggies."  For  the 
bottom  oif  the  cistern  the  man  hours  per  yard  required  were: 

Chutes  and  runways 

*  Measuring  and  wheeling  materials 0. 96 

Mixing 13 

Wheeling  and  chuting  concrete 41 

Placing  and  tamping 27 

Total 1.77 

which  at  50  cts.  per  hour  =  88H  cts.  per  cu.  yd. 

Pumping  during  excavation,  lagging,  concreting,  etc.,  cost  as  follows: 

162  man  hours  (exclusive  of  night  watchman),  0.27  man  hours  per  yard  of 
excavation  at  28  cts.  =  7^  cts.  per  cu.  yd. 

Cistern  B. — Concrete  handled  by  same  outfit  and  crew  as  for  Cistern  A 
cost  as  follows: 

Man  hrs 

For  the  bottom:  per  yd. 

Wheeling  and  measuring  materials 1. 16 

Mixing  materials 17 

Wheeling  and  chuting  concrete 45 

Placing  and  tamping  concrete 35 

Total  counting  delays* 2. 13 

Total  actual  running 1.  80 

which  at  S.50  =  SI. 06  or  S.90  per  yd.,  not  counting  superintendence. 

*  Ran  out  of  materials. 

Man  hrs. 

For  the  walls:''  per  yd. 

Wheeling  and  measuring  materials 82 

Mixing  concrete 13 

Wheeling  and  chuting  concrete 37 

Placing  and  tamping 37 

Total 1. 66 

Which  at  $.50  per  man  hour  equals  $.95  per  yd.  exclusive  of  superintendence. 

Cistern  C. — Concrete  for  the  bottom  and  sides  was  mixed  in  a  Smith  mixer 
2  cu.  ft.  of  cement  to  the  batch  and  run  directly  from  mixer  through  portable 
chutes  to  the  bottom,  but  wheeled  in  buggies  to  the  side  walls.  The  crew  was 
untrained  and  poorly  managed.    The  cost  was  as  follows: 

Man  his. 
per  ou.  yd. 

Wheeling  and  measuring  materials 1. 55 

Mixing  materials .30 

Wheeling  and  chuting  concrete .42    • 

Placing  concrete .60 

In'stalhng  mixer .74 

Total 3. 61 

Which  at  28c  equals  $1.01,  including  foreman. 

Plastering  bottom  required  24.6  man  hours  at  75  cts.,  which  gave  a  cost  of 
2^0  cts.  per  sq.  ft. 
Brushing  the  sides  required  11  man  hours  at  25  cts.  which  gave  a  cost  at 

Ho  cts.  per  sq.  ft.  . 
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tern  D. — Concrete  for  the  bottom  was  handled  as  hi  Cistern  C  except 
)n  account  of  a  breakdown  44  cu.  yds.  were  machhie  mixed  and  S  cu. 
vere  hand  mixed,  first  the  cement  and  sand  diy  and  wet,  then  the  grout 
he  rock  being  tiuned  three  times.    For  the  machine  mixing  the  costs 

Per 
cu.  yd. 

[ing  and  measuring  materials,  1.50  man  hra.  at  28o $0. 420 

e  materials,  .32  man  hrs.  at  28c 089 

ng  and  placing  concrete,  .74  man  hrs.  at  28c 207 

ng  chutes,  .55  man  hrs.  at  62>^c 344 

g  mixer,  .34  man  hrs.  at  45c 153 

al $1,213 

the  hand  mixing  the  costs  were: 

Per 
cu.  yd. 

ling  and  measuring  materials,  1.50  man  hrs.  at  28o $0. 42 

g  materials,  5.12  man  hrs.  at  28c 1. 43 

ig  concrete,  1.25  man  hrs.  at  28c .35 

ng  chutes,  1.38  man  hrs,  at  45c ^  .  62 

al $2 .  82 

icrete  for  the  walls  cost  as  follows: 

Man  hrs. 
per  yd. 

ing  and  measuring  materials 1. 97 

^  materials 26 

ing  and  chuting  concrete 65 

g  concrete 62 

g  mixer 49 

al 4. 00 

s  gives  4  hrs.  X  28  cts.  =  $1.12  per  cu.  yd. 
icrete  for  the  dome  cost  as  follows : 

Man  hrs. 
per  yd. 

ing  and  measuring  materials 1 .  02 

^  materials 23 

ing  concrete 47 

g  concrete 32 

g  mixer* 1. 02 

Hi 3.059 

lis  item  seems  very  high,  but  often  included  carting  the  mixer  back  and 
from  one  cistern  to  another.  It  could  have  been  reduced  by  better 
;ement. 

9  gives  3,069  X  28  cts.  =  80.85H  cts.  per  cu.  yd. 

Lshing  the  floor  with  >^  in.  of  sidewalk  finish  required  21  man  hours  at 

.  and  8  man  hours  at  25  cts.  -  $17.75,  or  2>^  cts.  per  sq.  ft. 

he  above  data,  costs  of  getting  materials  on  the  jobs  are  not  considered 

superintendence  except  in  cases  where  it  is  specially  mentioned. 

t   of   Concrete   Reservoirs   at   Brockton,    Mass. — Two  4,000,000  gal. 

oirs  were  constructed  in  1911.     Charles  R.  Felton,  in  the  Water  Com- 

ners  Annual  Report  gave  the  essential  features  of  the  design  with  some 

on  their  construction  and  cost.     The  following  is  taken  from  an  abstract 

r.  FelUm's  report  published  in  Engineering  and  Contracting,  Sept. 

2. 
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Design. — The  reservoirs  are  of  concrete,  reinforced  with  plain  round  bars, 
except  for  a  few  twisted  bars  where  the  sides  and  bottom  join.  The  concrete 
is  of  very  rich  mixture,  to  render  it  impermeable,  the  bottom  courses  being 
1  cement,  1  sand,  and  2  stone,  to  a  height  of  10  ft.,  with  a  1:1>^:3  mixture 
above  this  point;  both  mixtures  containing  hydrated  lime  in  the  proportion  ot 
5  per  cent  of  the  cement  by  weight.  The  walls  are  30  ins.  thick  at  the  bottom 
and  15  ins.  at  the  coping  course,  which  is  19  inches  square. 

The  floor  layer  consists  of  two  courses  of  concrete,  6  ins.  thick;  the  lower 
one  of  1:2:4  concrete,  and  the  upper  one  of  1:1>^:3  concrete,  reinforced  with 
>^-in.  bars  1  ft.  apart  in  both  directions.  The  horizontal  reinforcement 
consists  of  plain  round  bars  from  1>^  ins.  in  diameter  at  the  bottom  to  ^i  in.  in 
the  coping. 

The  maximum  strain  upon  the  metal,  considering  the  stresses  as  applied 
to  a  cylinder  160  ft.  in  diameter,  are  13,000  lbs.  per  sq.  in.,with  the  reservoir 
overflowing,  or  12,000  lbs.  at  the  proposed  high  water  mark,  18  ins.  below  the 
top. 

Vertical,  square  twisted  rods,  J4  in.  in  diameter  and  1  ft.  apart  were  intro- 
duced into  the  foundation  and  also  bent  into  the  floor.  These  rods  wore 
extended  to  the  top  of  the  reservoir,  but  spaced  2  ft.  apart  after  the  first  three 
courses.  The  bottom  was  also  connected  with  the  foimdation  by  J^-in. 
twisted  rods. 

Sand  and  gravel  were  obtained  from  a  large  hill  three  miles  distant  from  the 
location,  and  were  very  expensive,  both  on  account  of  the  length  of  haul  and 
the  lai^e  amount  of  material  handled  to  get  stone,  about  H  of  the  total  b^ng 
stone  of  the  required  size,  viz.:  That  wiiich  would  pass  a  IH-in.  screen. 
The  screen  was  of  the  revolving  type,  run  by  a  gasoline  engine,  and  und«r 
ordinary  conditions  would  pass  about  175  cu.  yds.  of  material  in  eight  hours. 
The  resulting  product  was  excellently  graded. 

The  greatest  care  was  taken  to  make  the  concrete  impermeable,  an  entire 
course  being  run  when  once  started.  These  courses  were  30  ins.  in  height, 
except  the  bottom  one,  which  was  36  ins.  and  contained  about  110  cu.  yds. 
No  departure  from  this  plan  was  found  necessary,  the  concrete  being  placed 
continuously  in  courses  6  ins.  thick,  from  three  and  one-half  to  six  hours  b^ng 
consumed  on  a  30-in.  course.  After  the  concrete  had  partially  set,  usuimy 
in  about  7  hours,  it  was  thoroughly  scraped  with  wire  brushes  and  kept  wet 
imtil  the  next  course  was  ready,  usually  covered  with  wet  bagging  and  care- 
fully swept  just  before  placing. 

A  steel  dam,  4  ins.  by  ^  in.,  was  imbedded  2  ins.  deep  in  the  top  of  eadi 
course,  and  about  1  ft.  from  the  inside  of  the  reservoir.  This  dam  was 
lapped  and  bolted  with  five  ^-in.  bolts,  and  figured  in  the  design  for  its 
full  tensile  value  as  metal.  In  addition  to  the  dam  a  triangular  groove  about 
1.5  in.  deep  was  placed  in  the  top  of  each  course.  Before  b^inning  a  new 
course  the  joint  was  washed  with  neat  cement  grout. 

No  waterproofing  or  brushing  of  the  surface  was  required  or  allowed,  and 
less  than  a  quart  of  cement  was  required  to  remedy  any  defects  of  api)earanoeu 

Construction  Plant. — The  plant  consisted  of  an  elevated  tank  of  5,000  gals, 
capacity,  into  which  water  was  pumped  by  gasoline  engine  a  distaiKse  of 
about  1,300  ft.  Two  Smith  concrete  mixers,  set  at  an  elevation  corresponding 
substantially  in  level  to  the  top  of  the  reservoirs  and  operated  by  15-h.p. 
electric  motors.  The  mixers  were  fitted  with  side  charging  apparatus,  and 
the  material  elevated  to  the  mixers. 

The  concrete  was  placed,  usually,  at  the  rate  of  from  24  to  30  cu.  yds. 
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hour  with  ordinary  wheelbarrows,  the  greatest  care  being  taken  to  have  the 
material  thoroughly  tamped. 

Cost. — >The  labor  was  all  paid  at  the  city  rate  of  $2.50  per  day  of  eight  hours; 
carpenters  $4.80  per  day;  foreman  $5.00  per  day;  masons  $0.72  per  hour; 
teams  $5.50  per  day  of  eight  hours.  One  of  the  greatest  obstacles  in  accom- 
plishing work  of  this  character  economically  is  the  difficulty  of  employing  all 
the  labor  to  advantage  between  pourings,  especially  when  it  is  necessary  to 
conform  to  the  present  drastic  eight-hour  laws. 

The  total  cost  of  the  reservoirs  exclusive  of  the  engineering  was  almost 
exactly  $80,000,  or  about  one  cent  per  gallon.  The  cost  of  the  engineering 
and  inspection,  not  including  Mr.  Felton's  time,  was  about  $2,200. 

Labor  Costs  of  Reinforced  Concrete  Tanks  for  Storage  of  Storm  Water. — 
W.  G.  Cameron,  in  Engineering  and  Contracting,  Jan.  26,  1916,  gives  the 
unit-time  data  for  constructing  the  temporary  storage  tanks  at  Toronto,  Ont., 
shown  in  Fig.  9. 

Design. — The  tanks  are  rectangular  in  shape,  and  approximately  104 
ft.  X  1 12  ft.  On  the  north  side,  there  is  a  channel  3.5  ft.  deep  for  the  Bloor 
west  sewer,  separated  from  the  tanks  by  a  weir.  On  the  east  side,  there  is  a 
section  4  ft.  deep,  separated  frmn  the  tanks  by  a  weir,  and  from  the  storm 
water  outlet  by  another  weir.  Into  the  north  end  of  this  section  the  storm 
water  from  the  Keele  St.  sewer  flows.  The  bottom  of  this  section  is  graded 
back  towards  the  north  end  and  a  gate  valve  is  provided  which  can  be  opened 
to  allow  the  section  to  drain  into  the  storm  water  outlet.  The  tanks  proper 
are  divided  into  three  parts,  17V^  ft.  deep,  by  two  weirs.  These  three  divi- 
sions are  graded  towards  the  east  side,  where  they  drain  into  an  open  18-in. 
sludge  channel,  which  runs  south  along  the  inner  side  of  the  east  wall  and  into 
the  18-in.  tile  sewer  under  the  storm  water  outlet.  A  gate  valve  is  provided  at 
the  end  of  the  sludge  channel  at  the  south  wall. 

Eight  rows  of  columns  were  used  in  the  tanks  for  the  support  of  the  roof. 
These  columns  were  18  in.  square  in  section.  12  ft.  apart  center  to  center  in  the 
rows  and  12-ft.  centers  between  the  rows.  Two  rows  of  columns  were  in  each 
tank,  and  one  was  used  as  support  for  each  of  the  two  dividing  weirs.  The 
tanks  were  built  of  all  reinforced  1:2:4  concrete.  The  walls  were  12  ins. 
wide  at  the  top.  while  the  sides  had  a  batter  1  in  7.6.  The  width  at  the 
bottom  varied  as  the  height.  There  was  a  footing  provided  2  ft.  deep  and  12 
ft.  6  in.  wide.  The  reinforcing  for  the  walls  was  1-in.  square  twisted  rods 
on  the  outside  and  0.30  sq.  in.  mesh  on  the  inside.  The  columns  were  rein- 
forced with  IH  sq.  in.  twisted  rods,  2  ft.  6  in.  long,  as  dowels  into  the  footing, 
one  IV^  sq.  in.  rod  in  each  comer,  the  full  height  of  the  column,  and  H  in. 
round  hoops,  spaced  vertically  12  in.  apart.  The  roof  slab  was  6  in.  thick, 
reinforced  with  0.5  sq.  in.  mesh. 

The  girders  and  beams  foi  the  support  of  the  roof  slab  were  24  in.  X  16  in. 
and  21  in.  X  16  in.  respectively.  They  were  reinforced  with  1  sq.  in.  twisted 
rods  and  H  in.  square  twisted  rods,  respectively.  The  weir  walls  between  the 
tanks  were  8^^  ft.  high,  9  in.  wide  at  the  top,  and  18  in.  wide  at  the  bottom, 
mnforced  with  Y^  sq.  in.  bars. 

Conttruction. — The  ground  on  which  the  tanks  were  built  was  composed  of 
sand  on  the  surface,  which,  in  small  areas,  formed  pockets.  The  subsoil  was 
hard,  blue  clay.  Trenches  were  excavated  by  hand  for  the  west  wall  and  the 
wertem  third  of  the  north  wall.  This  part  was  built  first  because  the  ground 
was  low  at  this  side.  When  these  walls  were  built,  and  the  concrete  suffix 
cientljr  luurdenfid,  the^r  were  used  as  a  retaining  wall  for  the  next  material 
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This  material  was  taken  from  Inside  tbe  lines  of  tlie  future  taota 
tOe  west  wall.  Enough  material  was  taken  out  to  allow  tor  tb* 
t  a  portloD  of  the  tanks  on  the  west  dda.    This  poition  was  com- 


■lan  snowing  iniBts.trc. 
Keelejt 


oncrete  tanks  lot  Uw 


pleted  floor,  coiumna,  weira  and  roof  and  bUowbiI  to  haiden.  The  nvt 
material  eicavBt«d  was  then  deposited  on  the  roof  of  this  flnlihed  porthML 
Thus  the  eiCBTBtlon  and  construction  proceeded  altematel;  from  tha  wrt. 
A  clam  shell  was  used  foi  excavating  In  the  body  of  thetuiks,  butthadBfuw 
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so  hard  that  the  most  of  it  had  to  be  loosened  with  picks  before  it  could  be 
gathered  up  by  the  clam. 

The  concrete  was  ail  mixed  by  a  drum  mixer  very  conveniently  placed  at  the 
top  of  the  bank  on  Keele  St.  The  concrete  was  dumped  into  a  chute  which 
carried  it  down  the  bank  to  a  funnel-shaped  box.  This  box  was  provided 
with  a  slot  which  slid  up  and  down  so  that  concrete  could  be  taken  away  in  any 
quantity  desired.  .The  concrete  was  carried  in  concrete  barrows  along 
runways  so  built  that  they  might  easily  be  taken  down  and  erected  quickly 
again  wherever  they  were  required.  The  forms  used  for  the  concrete  were  all 
of  the  pan^  type.  They  were  built  near  the  work  and  the  same  sections 
used  several  times.  They  were  made  before  the  work  was  b^un  and  grouped 
according  to  size,  so  that  when  they  were  needed  they  could  easily  be  found 
and  quicldy  erected.    They  were  fastened  together  with  bolts. 

When  the  work  on  the  tanks  was  completed  the  soil  which  had  been  exca- 
vated, and  soil  brought  from  other  work,  was  spread  over  the  top  of  the  tanks 
to  a  depth  of  4  ft.  The  bank  on  Keele  St.  was  extended  and  neatly  graded, 
and  an  easy  sloi>e  was  made  from  Bloor  St.  The  ground  over^the  tanks  and 
the  slopes  will  probably  be  sodded  and  planted,  and  possibly  tennis  courts, 
etc.,  arranged  on  it,  making  in  all  a  very  great  improvement  to  this  comer 
of  High  Park. 

Unit  Time  Data. — The  time-costs,  in  hours'  labor  on  this  work,  as  kept  by 
S.  K.  Ireland,  resident  engineer,  are  as  follows: 

Excavation. — ^7,000  cu.  yd.,  10,472  hours,  or  1.496  hours  per  cubic  yard. 

Racing  Steel. — 102  tons.  1,471  hours,  or  14.4  hours  per  ton  (85  tons  of  this 
were  bars  and  17  tons  mesh). 

Building  and  Erecting  Forms. — 52,899  sq.  ft.  took  8,452  hours,  or  0.159 
hours  per  square  foot. 

Removing  Forms. — 0.0202  hours  per  square  foot. 

Mixing  and  Placing  Concrete. — 2,622  cu.  yds.  took  6,394  hours,  or  2.53 
hours  per  square  yard. 

Foreman,  1,658  hours;  engineer,  1,098  hours;  fireman,  1,133  hours;  team, 
107  hours:  single  horse.  451  hours. 

Cost  of  Lining  a  Reservoir  with  Gunite. — E.  Court  Eaton  gives  the  cost  of 
lining  a  small  "balancing  reservoir"  in  Engineering  News-Record,  July 
24,  1919. 

The  reservoir  with  a  depth  of  about  9  ft.  covered  about  two  acres  and  was 
used  to  store  a  surplus  of  water  during  part  of  the  day  and  supply  the  shortage 
during  the  balance.  Due  to  the  fact  that  the  reservoir  was  necessarily  con- 
fined to  a  certain  area  close  to  an  old  stream  bed  and  the  reservoir  was  exca- 
vated in  a  gravel  deposit  the  seepage  amounted  to  two  to  three  acre-feet 

per  day. 

It  was  decided  to  line  this  reservoir  with  a  gunite  lining.  The  total  area 
to  be  lined  was  114,000  sq.  ft.,  and  specifications  called  for  a  gunite  lining  1  in. 
in  thickness,  with  a  mix  of  one  part  of  cement  to  5H  parts  of  sand ;  no  lime 
was  used  in  the  mixture.  The  Uning  was  reinforced  with  galvanized  poultry 
netting,  l>^-in.  mesh.  No.  19-gage  wire,  placed  in  the  center  of  the  concrete 
to  confine  cracks  due  to  expansion  to  hair  cracks,  and  no  expansion  joints 

were  u.sed. 

This  work  was  let  by  contract  at  a  price  of  lOHc  per  square  foot,  including 
the  trimming  and  preparation  of  the  banks.  Work  was  conmienced  Jan.  14, 
1919.  and  completed  Mar.  19.  Because  the  work  had  to  be  done  during  the 
niiiter  months  the  actual  number  of  working  days  in  this  time  was  only  39. 
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The  cement  gun  used  was  what  is  known  as  the  N2  size.  It  was  kept  on  the 
upper  bank  of  the  canal  at  a  maximum  distance  of  600  ft.  from  the  compieasor, 
to  which  it  was  connected  with  a  2-in.  iron  pipe.  The  compressor  was  of  the 
portable  type,  direct-connected  to  a  semi-Diesel  type  of  engine;  it  was  12  X  12 
in.  and  ran  at  a  speed  of  300  r.p.m.  A  pressure  of  42  lb.  per  square  inch  was 
maintained  at  the  compressor,  giving  about  32  lb.  at  the  gun.  A  2-in.  rubber 
hose  200  ft.  in  length  was  used  from  the  gun  to  the  nozzle,  and  the  rubber ' 
tips  in  these  nozzles  lasted  nearly  one  week  before  requiring  replacemoit. 
The  depreciation  on  the  hose  for  the  period  of  the  job  was  $200. 

In  lining  the  114,000  sq.  ft.,  2904  sacks  of  cement  were  used,  or  nearly  39 
sq.  ft.  of  Uning  per  sack  of  cement.  The  average  rate  of  progress  throughout 
the  work  was  2900  sq.  ft.  per  working  day.  The  maximum  day's  run  was 
about  5000  sq.  ft.,  though  better  average  progress  would  have  been  made  in  the 
dry  season,  as  the  principal  delays  were  due  to  wet  sand  dc^ging  in  the  hose 
and  necessitating  frequent  cleaning  out  of  the  machine.  A  certain  amount  of 
moisture  is  necessary  in  the  sand  for  this  class  of  work,  and  the  best  results 
were  obtained  when  sufficient  water  was  present  so  that  the  sand  just  failed 
to  hold  its  shape  when  squeezed  in  the  hand. 

The  total  quantity  of  sand  used  on  the  work  was  600  tons,  and  the  total 

cost  of  sand  per  ton  was  as  follows: 

Per  ton 

Loading  charge  at  sand  pit SO.  30 

Freight .60 

Unloading .12 

Hauling  to  site 1. 60 

Total $2. 52 

The  hauling  over  the  wet  roads  a  distance  of  two  miles  was  the  biggest 
item.    The  weight  of  a  cubic  yard  of  sand,  which  was  wet,  was  2500  pounds. 

The  cement  was  $3.45  per  barrel  delivered  at  the  site,  after  an  allowance 
of  $1  per  barrel  was  made  for  sacks.  The  poultry  netting  delivered  at  the 
site  cost  $1.17  per  100  square  feet. 

The  construction  crew  employed  was  as  follows: 

Per  day 

1  Compressor  engineer $  7. 00 

1  Nozzleman 5. 00 

1  Man  placing  wire 5. 00 

2  Mixers  at  $4 8. 00 

1  Man  loadaing  gun 4. 00 

1  Nozzlemn  helper 4. 00 

1  Gun  operator 4. 00 

1  Man  cleaning  o£f  rebound 4. 00 

Total  payroll $41. 00    ■ 

One  man  was  kept  continuously  close  to  the  nozzleman,  his  duties  being  to 
brush  back  the  rebound  at  the  junction  of  new  and  old  work  and  to  raise  the 
reinforcement  by  means  of  a  hook  to  insure  its  being  placed  in  the  center  ol 
the  lining. 

The  fuel  used  consisted  of  a  fuel  oil  having  a  gravity  of  27  +.  Ten  drums 
of  this  oil  of  104-gal.  capacity  per  drum  were  used.  The  cost  of  the  oil  was 
$6.55  per  drum,  delivered  to  site.  The  loss  by  rebound  in  percentage  of  the 
sand  used  was  8H ;  this  was  not  wasted,  however,  as  it  was  collected,  acreened 
and  used  over  again  with  good  results,  except  that  only  30  sq.  ft.  of  lining 
per  sack  of  cement,  or  23  %  less  than  with  new  sand,  could  be  gotten  whea 
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rebound  was  used,  due  to  the  material  being  coarse  and  requiring  more 
cement  to  fill  the  voids. 

Particular  attention  was  paid  to  the  curing,  by  sprinkling,  of  the  newly 
completed  lining  for  a  period  of  two  days,  and  up  to  this  time  no  cracks  other 
than  fine  hair  cracks  have  developed. 

Costs  of  Grouting  Dam  Foundationg. — Engineering  and  Contracting, 
Aug.  19,  1914,  publishes  the  following  comparison  of  the  costs  of  grouting 
the  foundations  of  the  Estacada  and  Lahontan  Dams  given  by  S.  H.  Rippey 
in  Proc.  Am.  Soc.  of  C.  E.  Vol.  XL. 

Table  XI. — Cost  of  DBiiiLiNO  and  Grouting  at  Estacada  and  Lahontan 
Dams,  peb  Linear  Foot  of  Completed  Work 

— Estacada  Dam —  Lahontan 

Dam 
Labor  and  materials  Fisher        Rands         Cole 

Labor,  drilling $0.  58 

Labor,  grouting 

Cement 

Repairs  and  supplies 

Plant 

Plant  depreciation 0. 16  0.  35 

Power 0.05         0.03 

Other  items 0. 94 


».58 

SO.  59 

$0.93 

0.18 

0.18 

0.29 

0.12 

0.12 

0.31 

0.17 

0.17 

0.23 

0.30 

$1.40  

Salvage  on  plant,  credit 0. 17  

Direct  cost $1.23  $1.21  

Total  field  cost $3. 08 

General  plant,  etc 0.  32  0. 45  0. 12 

Coffers  and  pumping 0.15         

Engineering  and  superintendence 0. 19  0.  27 

Clerical  and  ofiBce 0. 10 


Total  cost  per  foot $1.55         $2.00         $3.57 

In  regard  to  the  grouting  of  the  Lahontan  Dam,  D.  W,  Cole  in  Engineering 
News,  April  3,  1013,  states  that: 

Drills  were  worked  continuously  in  8-hr.  shifts,  thus  employing  six  crews 
of  two  men  each  for  operating  the  drills,  with  one  daylight  crew  of  two  to  four 
men  for  grouting  and  testing. 

Drillrunners  were  selected  mainly  from  the  men  of  good  mechanical  bent 
available  on  the  job,  with  one  or  two  importations  of  experts  who  had  been 
previously  trained.     Runners  were  paid  40c.,  and  helpers  30c.  per  hr. 

Daily  bulletins  were  posted  showing  output  of  the  several  crews  and  thus  a 
wholesome  rivalry  was  developed. 

The  maximum  depth  drilled  by  one  machine  in  8  hr.  was  19  ft.,  in  rather 
soft  material.  The  average  8-hr.  penetration  of  a  drill  was  only  6  ft.  Omit- 
ting the  earlier  period  of  work,  which  was  largely  experimental,  the  average 
performance  of  each  8-hr.  shift  was  about  7  ft.  of  hole. 

Air  pressure  of  26  lb.  was  employed  for  first  batches,  as  higher  pressures 
sometimes  resulted  in  appearance  of  air  bubbles  and  even  cement  color  rising 
from  the  bed  of  the  river  at  some  distance  from  the  boring;  and  violent 
displacement  of  the  formation  was  not  desired. 

As  the  grouting  advanced  the  later  batches  were  driven  in  at  a  higher  pres- 
sure, gradually  increasing  to  100  lb.  per  sq.  in.  at  the  finish  of  each  hole. 

In  some  of  the  tighter  holes  the  extreme  pressure  was  required  for  an  hour 
or  more  to  drive  home  the  grout,  but  ordinarily  the  flow  of  grout  was  nearly 
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continuous  and  as  fast  as  the  alternating  process  with  the  double-cylinder 
machine  could  be  performed. 

Costs  of  Groined  Arch  Roof  for  Minneapolis  Reserroir. — W.  N.  Jones  in 
Engineering  Record,  April  10,  1913,  gives  the  methods  and  construction 
costs  of  covering  with  groined  aich  vaulting  the  clear  water  basin  of  the 
Minneapolis  filter  plant.  The  reservoir  is  877.5  ft.  long,  413.5  ft.  wide  and 
from  21  to  23  ft.  deep.  Very  careful  detailed  costs  were  recorded  with  a 
view  of  securing  not  only  the  cost  of  the  woik  but  also  an  index  of  the  effi- 
ciency of  the  labor  employed.    The  following  is  taken  from  Mr.  Jones  article. 

Equipment. — The  quantity  of  equipment  used  has  been  very  small  and  of 
the  simplest  type.  No  complicated  machinery  of  any  kind  was  employed 
on  the  work,  and  when  the  site  was  \isited  by  a  prominent  engineer  of  Chicago, 
he  said,  "  The  thing  that  appeals  to  me  most  is  the  lack  of  elaborate  equip- 
ment, such  as  expensive  towers,  cable-ways,  etc."  In  fact,  about  ail  the 
machinery  used  outside  of  hand  tools  and  a  small  woodworking  shop  for  use  in 
turning  out  forms,  was  a  IK-cu.  yd.  concrete  mixer,  six  l>i-cu.  yd.  side- 
dump  cars,  about  1500  ft.  of  24-in.  gage  track,  and  a  traveling  crane  designed 
by  the  writer  for  the  special  use  of  handling  groined  arch  forms.  This  crane 
cost  about  $500  complete. 

For  hauling  earth,  etc.,  common  dump  wagons  of  IM-cu.  yd.  capacity  were 
used.  All  earth  was  handled  by  hand,  both  in  loading  and  spreading.  These 
wagons  were  not  claimed  to  be  conducive  to  economy,  nor  was  the  handling 
of  the  earth  by  hand,  but  the  prime  consideration  was  the  emplojrment  of  as 
many  citizens  and  teams  as  it  was  possible  to  employ  and  still  do  the  work  at  a 
reasonable  cost. 

Construction. — The  groined  arch  concrete  vaulting  over  the  reservoir 
was  supported  by  concrete  pedestals  and  piers  spaced  18-ft.  centers.  Over 
the  roof  a  2-ft.  covering  of  earth  was  deposited.  The  pedestals  were  6.5  ft. 
square  at  the  base,  3.5  ft.  high  and  each  contained  2.85  cu.  yd.  The  pedestal 
forms  cost  about  $6  each  for  labor  and  material  and  each  was  used  ten  times 
on  the  average. 

The  rates  paid  for  labor  employed  on  t^e  work  were  as  follows: 

Occupation  Time,  days  Rate 

Foremen $4ftS5 

Assistant  foremen 22^  3. 00 

Timekeepers 3  4. 50 

Steam  engineers 9^  4. 00 

Watchmen 2Ji  2. 26 

Handy  men 190^  2. 40 

Carpenters 24H  3. 00 

Millwrights 3H  3. 00 

Blacksmiths 2^  3. 00 

Concrete  men 9H  3. 25 

Waterboys 7H  1.26 

Teams 56H  4. 72 

Single  horses 6-f  3. 00 

Laborers 738H  2. 26 

Table  XII  gives  the  cost  in  detail  of  all  the  most  important  items  entering 
into  the  construction  of  the  groined  arch  covering  of  the  dear  water  basin 
during  the  season  of  1011.  The  figures  for  1910  are  omitted,  as  it  was  found 
upon  investigation  that  a  number  of  reports  had  been  lost.  Items  which  were 
peculiar  to  this  piece  of  work  or  were  too  small  to  classify  are  omitted  also, 
as  they  are  of  no  great  consequence  in  the  total  cost  or  desirable  for  com- 
pailsons  with  similar  work  elsewhere. 
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Tabub  XII. — Classifibd  Unit  Costs  fob  Coyerino  Cleab  Water  Basin 

_           ,        .  Unit  Total 

Type  of  work  Quantity  '  cost  cost 

Concrete. 11,475  cu.  yd.  $0,967  $11,080.82 

Making  groined  arch  forms 39, 595  sq.  ft.  0. 057  2, 243. 45 

Settinaf  groin  forms  and  braces 348 ,  954  sq.  f t.  0. 020  6 ,  867. 01 

Dropping  forms 330,541  sq.  ft.  0.  017  5,761. 13 

Transporting  forms  to  derrick 298 ,  344  sq.  ft.  0.  005  1 ,  590.  89 

Hauling  forms  from  yard 83,841  sq.  ft.  0. 008  658.  34 

Building  column  forms 7, 120  sq.  ft.  0. 017  121.  75 

Setting  and  wrecking  column  forms . . .  102 ,  566rsq.  ft.  0. 056  5 ,  690.  85 

Setting  and  wrecking  4  X  6-in.  posts . .  3 , 382  units  0.  485  1 ,  639.  65 

Setting  and  wrecking  column  supports.  810  units  0.  747  605.  85 

Making  manhole  forms 350  sq.  ft.  0. 163  57. 03 

Tearing  up  forms 492  ft.  b.m.  0.  602  295.  00 

Oiling,  repairing  and  notching  forms..  23,210  sq.  ft.  0.034  704.  67 

Cutting  stringers 861  units  0. 053  46. 60 

Earth  cover  (1,000  to  2,000  ft.  haul) . . .  37,024  cu.  yd.  0. 478  17,714.  30 

Pointing  up  rough  arches 176. 90 

The  estimated  cost  of  the  work  complete  was  $135,000.  While  the  actual 
construction  cost,  including  materials,  was  within  $2000  of  this  amount, 
the  actual  costs  cannot  be  exactly  determined  on  account  of  lumber,  etc., 
being  used  on  the  filter  plant  proper,  and  no  credit  being  given  the  clear  water 
basin  for  it,  and  also  on  account  of  the  joint  use  of  machinery,  etc. 

Cost  of  Wooden  Form  Work  for  Groined  Arch  Reservoir  and  Conduits, 
Pittsburgh  Filtration  Works. — The  following  data  are  from  a  paper  by 
J.  D.  Stevenson  read  before  the  Society  of  Western  Engineers,  published 
in  the  Oct.,  1910,  Proceedings,  and  reprinted  in  Engineering  and  Contract- 
ing, Dec.  14,  1910. 

Description  of  Piers. — Fig.  10  shows  the  form  work  for  a  21.5  ft.  circular 
pier  27  ins.  in  diameter,  being  one  of  720  piers  supporting  the  roof  of  the 
reservoir.  The  sketch  is  fully  dimensioned.  The  forms  are  in  three  sections 
each  7  ft.  2  ins.  long,  each  section  consists  of  two  semi  circular  pieces  of  No.  16 
galvanized  steel,  flanged  on  the  vertical  edge,  the  flanges  of  the  two  halves 
being  bolted  together  between  two  pieces  of  2  X  4-in.  lumber.  The  sections 
are  clamped  at  top,  bottom  and  middle  point  by  a  wooden  collar  made  in  four 
pieces  and  held  by  bolts. 

The  pier  forms  contain  488  ft.  of  lumber  and  688  sq.  ft.  of  metal.  The  brac- 
ing contained  507  ft.  of  lumber.  The  cost  as  compiled  by  the  writer  for  form 
work  on  four  piers,  12.68  cu.  yds.  is  given  in  Table  XIII.  This  is  an  average 
from  a  number  of  observations  taken  at  random  and  extending  over  a  period 
of  8  months. 

Table  XIII. — Cost  of  Forms  for  Piers  Supporting  Ground  Arch  Reser- 
voir Roof;  Total  12.68  Cu.  Yds.  op  Concrete  in  Four  Piers 

Per 

Item  Total  cu.  yd. 

Stripping,  13  hrs.  carpenter  at  25  cts $  3.  25  $0.  27 

aeaning,  15  hrs.  labor  at  15  cts 2.  25  0.  18 

Making: 

15  hrs.  carpenter  at  30  cts $  4 .  50       

15  hrs.  hibor  at  15  cts 2.  20       

Total $  6.  75  $0.  53 

Setting:  »  ^  oo 

Ji  hr.  carpenter  at  30  cts $  0.  23  

iXi  hr.  laborer  at  15  cts 0.  19  

H  hr.  cableway  at  50  cts 0^12  

Total $  0.  54       $0.  04 

Plumbing  and  bracing,  15  hrs.  carp,  at  30  cts 4.50         0.35 

Grand  total $17.29       $1.37 
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Barrel  Arch. — Fig.  10  sliowa  tbe  dcslgii  01  vhM  was  known  as  the  barrel  aich 
torm.  This  form  waa  for  tbat  portion  itf  the  wall  from  the  sprlnjlng  11ns  of 
the  arch  [o  the  center  of  the  flrst  bay.  The  inside  shape  waa  s.  quarter  of  a 
12  ft.  circle  and  the  outside  an  arc  of  a  15  ft.  drcle.  These  forms  caused 
more  trouble  than  aoy  otherH  on  the  reservoir.  The  ioalde  whs  built  In  thim 
equal  sections,  each  9  ft.  long  and  5  It.  10  Ins.  wide  on  the  chord.  The  rlba, 
2  X  12  Ins.,  were  placed  on  21-ln.  centers  and  lagging  was  1X3  In.,  southern 
pine,  tongue  and  grooved  and  dressed  on  both  sides. 

The  outside  forms  were  built  in  three  sections,  the  Hrat  section  being  3  ft. 
of  the  wall  tonn  which  was  left  wired  to  the  wall  when  lemoviag  the  back  wall 


Fio,  10. — Forms  tor  filtered  watpr  reservoir  showioc  in  elevation  piers,  watla  and 


form;  this  gave  a  solid  base  upon  which  to  build.  The  second  waa  placed 
before  HUlng  and  fastened  to  the  inner  torm  b;  wires  and  wooden  Interior 
strata  and  held  on  the  outside  by  an  oulriggiog  eitendlng  up  from  the  wall. 
Tbe  third  waa  placed  after  the  flUlng  had  reached  the  top  of  the  second  form 
and  was  wired  to  the  inner  form. 

The  remainder  of  the  arch  or  a  little  over  one-third  of  it  waa  acreeded,  no 
form  being  useded  on  the  outside. 

Some  trouble  developeil  after  the  third  using  and  was  entirely  due  to  the 
manner  of  removal.  Tbe  bracing  extending  from  the  top  to  bottom,  shown 
in  Fig.  10,  waa  not  removed  and  the  forms  were  not  taken  dovm  In  three 
sections,  but  tbe  entire  form  was  removed  at  one  time.  The  method  i^  - 
removiog  was  to  hitch  a  aet  of  falls  to  one  of  the  upper  comers  to  break  tbe 
bonds  and  at  times  twelve  men  broke  the  rope  before  the  form  left  tbe  cfm- 
crete.  It  was  not  uncommon  to  pull  off  several  rlba  hi  an  attempt  to  break 
this  bond.  The  result  was  that  thla  pulling  greatly  distorted  the  form.  This 
first  showed  up  In  the  Inability  to  make  a  good  joint  between  forms  and  finally 
neceaallated  rebuilding  the  forms.  The  trouble  coutd  have  been  ellminatad 
by  removing  the  forma  In  three  pieces  rather  than  in  one.  The  barrel  arches 
on  the  fillers  were  similar,  but  one-halt  the  length.  On  theae  there  was  no 
particular  trouble. 
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The  barrel  arch  in  filtered  water  reservoir  contained  0.92H  cu.  yd.  per 
running  foot  and  the  units  placed  were  36  ft.  long  or  33>^  cu.  yds.  The  cost 
of  forms  is  given  in  Table  XIV. 

The  cost  is  an  average  from  a  number  of  observations  made  by  the  writer. 
The  cost  of  hauling  out  is  rather  high  and  unusual,  the  forms,  however,  were 
of  awkward  shape  and  very  large,  and  had  to  be  hauled  on  a  truck  by  hand  a 
distance j»  great  as  300  ft.  The  floor  over  which  they  were  hauled  consisted 
of  inverted  groins  with  piers  every  18  ft.  The  trimming  and  trueing  at  58  cts. 
a  yard  is  due  to  the  trouble  previously  explained. 

Tabue  XIV. — Cost  of  Fobmb  fob  Barrel  Arch  Filtered  Water  Reservoir, 

PirTSBXTRG,   Pa. 

Fabrication  at  mill:  Total       Per  cu.  yd. 

240  hra.  at  35  cts $84.00*          $0.31 

Taking  Down: 

1  foreman  2  hrs.  at  30  cts 0.  60 

9  laborers  18  hrs.  at  20  cts 3.  60 

Total $  4. 20  $0. 13 

Hauling  Out: 

1  foreman  IM  hrs.  at  30  eta $  0. 40 

12  laborers  16  hrs.  at  20  cts 3.  20 

Total $3.60  $0.11 

Cleaning  and  Repairs: 

1  foreman  5  hrs.  at  35  cts $  1 .  75 

4  carpenters  20  hrs.  at  30  cts 6. 00 

2  helpers  10  hrs.  at  20  cts 2. 00 

Total $9.75  $0.30 

Placing: 

Cableway  H  hr.  at  $2 $  0.  66 

1  foreman  H  hr.  at  40  cts 0.13 

3  carpenters  1  hr.  at  35  cts 0.  35 

5  laborers  IH  hrs.  at  15  cts 0.  25 

Total $  1. 39  $0. 04 

Trimming  and  Trueing: 

1  foreman  10  hts.  at  35  cts $  3.  50 

4  carpenters  40  hrs.  at  30  cts 12.  00 

2  helpers  20  hrs.  at  20  cts 4.  00 

Total $19.50  $0.58 

Grand  total $48. 94  $1. 47 

•  Used  8  times. 

Walls.'^— The  wall  forms  shown  in  Fig.  10,  are  in  accordance  with  the  general 
practice  in  such  work.  All  forms  were  made  in  9-ft.  sections  and  from  top  to 
bottom  in  one  unit.  The  method  for  preventing  the  forms  from  raising  is 
shown  in  the  illustration  and  consisted  of  hooks  set  in  the  first  layer  of  con- 
crete and  wires  tying  the  forms  to  these  hooks. 

The  forms  were  used  on  an  average  of  10  times  and  the  only  repairs  made 
were  a  board  now  and  then,  where  the  bar  in  removing  had  splintered  or 
broken  the  forms.  The  edges  of  the  forms  become  more  or  less  frayed  and 
this  was  cared  for  by  a  metal  strip  tacked  over  the  joint.  This  practice  was 
permissible  in  this  work  as  the  face  would  not  be  exposed.  In  finished 
■uifaoes  it  should  never  be  used,  as  the  metal  leaves  a  surface  entirely  diflferent 
from  the  wood  and  very  readily  noticed. 
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The  regular  wall  in  the  reservoir  contained  2.33H  cu-  yds.  per  running  foot 
and  as  a  rule  the  wall  was  built  in  36-ft.  sections  or  S4  cu.  yds.  This  amount 
varied  within  a  yard  as  the  point  where  the  wall  ceased  and  the  barrel  started 
was  not  closely  defined.  The  cost  of  forms  is  given  in  Table  XV.  This 
cost  is  a  weighted  average  as  in  this  work  there  was  a  great  amount  of  variance. 
Often  the  cable  way  was  used  in  removing  forms  and  the  cost  cut  down,  then 
again  the  forms  would  be  in  bad  shai)e  and  require  much  repairing.  As  an 
example,  on  the 

21st  wall  forms  cost $0. 73  per  cu.  yd. 

23rd  wall  forms  cost 53  per  cu.  yd. 

24th  wall  forms  cost 55  per  cu.  yd. 

25th  wall  forms  cost 42  per  cu.  yd. 

26th  wall  forms  cost 49  per  cu.  yd. 

Table  XV. — Cost  op  Wall  Forms,  Filtbrkd  Water  Reservoir,  Pittsbubo, 

Pa. 

Fabrication  in  Mill:  Total      Per  cu.  yd. 

110  hrs.  carpenters  at  35  cts $38.  50*         $0. 038 

Taking  Down; 

1  foreman  10  hrs.  at  35  cts $  3.  50 

2  carpenters  20  hrs.  at  30  cts 6. 00 

4  laborers  40  hrs.  at  20  cts 8. 00 

Total $17.50           $0,208 

Setting  Up: 

1  foreman  10  hrs.  at  35  cts $  3.  50 

6  carpenters  60  hrs.  at  30  cts 18. 00 

4  helpers  40  hrs.  at  20  cts 8. 00 

Total $29. 50  $0. 350 

t  Grand  total $50. 20  $0.  596 

tThis  does  not  include  cost  of  material.     *  Used  12  times. 

Groined  Arch  Forma. — Fig.  10  shows  groined  arch  forms  in  elevation. 
Each  pier  top  was  molded  on  forms  built  in  four  triangular  sections,  the  joints 
between  sections  being  on  centers  of  arches  and  on  diagonal  lines  between 
piers.  The  ribs  were  2-in.  white  pine  placed  on  the  diagonal  line  and  on  2-4%, 
centers  between  the  diagonals,  the  decking  was  1-in.  southern  pine  tongue  and 
grooved.     The  forms  were  well  oiled  before  filling. 

The  pier  edge  of  each  form  rested  on  a  collar  bolted  to  the  piers.  The 
piers,  having  been  built  2  ins.  higher  than  the  springing  line  of  the  arch, 
prevented  any  horizontal  movement  in  the  form.  The  four  comers  were 
supported  by  8  X  8-in.  posts  and  midway  between  comer  posts  were  placed 
4  X  4-in.  posts.  The  proper  elevation  on  the  top  of  arch  was  first  secured 
by  placing  wedges  between  the  top  of  post  and  form.  Later  it  was  found  that 
dumping  the  concrete  disarranged  these  wedges  and  their  use  was  discon- 
tinued and  0.5-in.  boards  were  used  and  toenailed.  This  allowed  only  an 
adjustment  of  0.5  in.  which  was  considered  close  enough. 

The  joint  between  forms  on  the  top  was  made  by  a  crown  strip  which  varied 
from  2  to  4  ins.  wide.  The  comer  joints  were  finished  by  a  1-in.  triangular 
strip  which  relieved  the  rough  comer.  The  forms  being  square  and  piers 
round  required  a  filler  in  the  comers.  This  filler  was  first  made  of  plaster 
paris  mixed  with  excelsior,  but  was  unsatisfactory  as  the  breakage  was  high 
and  it  was  impossible  to  use  it  a  second  time.  The  cast  of  the  fillers  in  plastcff 
paris  was  about  27  cts.  each.  Later  wood  was  used  and  the  work  was  finished 
using  wood.    On  Contract  1 1  the  contractor  used  a  metal  filler  cut  from  No. 
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16  gage  sheet  iron.  This  filler  was  used  over  and  over,  the  first  cost  being 
10  cts.  each. 

On  Contract  No.  1,  the  filters,  the  total  amount  of  arch  centering  placed 
was  2,130,012  sq.  ft.  There  were  240,000  sq.  ft.  of  forms  actually  made  to 
complete  the  work,  an  average  of  ten  times  use  for  each  form.  The  actual 
cost  was  $0.0435  per  sq.  ft.  placed;  this  cost  includes  plant  charges,  adminis- 
tration chaiges,  material,  etc. 

On  Contract  No.  2,  the  reservoir,  there  were  placed  243,390  sq.  ft.  of  vault- 
ing forms  and  there  was  actually  made  about  20,000  sq.  ft.  The  cost  was 
$0,096  per  sq.  ft.  placed,  or  about  $3.60  per  cu.  yd.  of  concrete  placed.  This 
cost  is  a  final  cost  including  everything  chargeable  to  the  forms. 

For  a  detailed  cost  Table  XVI  was  prepared  from  information  gathered  by 
the  writer: 

Four  forms  made  one  pier  top  or 8 .  1864  cu,  yd. 

Lumber  in  one  pier  top 1,000  ft. 

Lumber  in  posts  and  bracing 400  ft. 

Lumber  in  shoring  on  piers 160  ft. 

To  the  above  cost  must  be  added  a  charge  for  hauling  the  forms  from  the 
place  of  removal  to  the  place  of  setting.  This  varied  greatly  and  from 
observations  cost  16  man  hours  per  100  ft.  hauled. 

• 

Table  XVI. — Cost  of  Vaulting  Fobms  for  Filtered  Water  Reservoir, 

PrrrsBURo,  Pa. 

Making  of  Groins  at  Mill:  Total         Per  cu.  yd. 

120  hrs.  at  $0.35 $42.00*  $0.42 

Setting  Groins: 

1  foreman  >^  hr.  at  35  cts $  0. 09 

3  carpenters  ^  hr.  at  30  cts 0.  225 

6  laborers  1>^  hr.  at  20  cts 0.  30 

1  cableway  >i  hr.  at  $2.00 0.  50 

$1,115  $0.14 

Setting  Corner  Posts: 

Cableway  0.1  hr.  at  $2.00 $  0.  20 

3  carpenters  0.3  hr.  at  30  cts 0. 09 

$  0.  29  $0. 03 

Intermediate  post^,  3  carpenters  IH  hr.  at  30  cts $  0. 45             $0.  05 

Shoring  piers,  2  carpenters  3  hrs.  at  30  cts 0.  90             $0.  11 

Trimming  and  tniemg,  4  carpenters  3  hrs.  at  30  cts 1 .  20             $0.15 

Taking  Down  Groins: 

1  foreman  1  \i  hrs.  at  30  cts $  0. 40 

5  laborers  6^  hrs.  at  20  cts 1.  35 

5  laborers  6  H  hrs.  at  15  cts 1. 00 

Total $2.75  $0.33 

Grand  total $10.  20  $1.  22 

*  Used  12  times. 

Coti  of  Bending  Reinforcing  Steel. — In  the  equalizing  chamber  the  steel 
required  canrful  balding.  There  were  27  different  shapes.  A  record  kept 
by  the  writer  on  the  bending  of  10,326  lbs.  extending  over  a  period  of  10  days 
showed  a  cost  of:  0.88  man  hours  per  100  lbs.  for  blacksmith  and  of  1.66  man 
hours  per  100  lbs.  for  helpers.  At  the  prices  paid,  or  25  cts.  per  hour  for 
blacksmith  and  16  cts.  for  helper  this  cost  was  48.9  cts.  per  100  lbs.  In  addi- 
tioa  to  this  was  chai^reable  0.24  man  hours  per  100  lbs.  for  the  layer  out. 
vhich  woffk  was  done  by  the  bees  carpenter  at  a  cost  of  20  cts.  per  100  lbs., 
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tbe  total  coet  being  S8.0  i^ta.  per  100  Iba.  In  bendiog  the  steel  a  large  plst- 
romi  waa  built  anii  all  shapes  laltl  out  full  size,  cleats  were  nailed  at  potaiti  o[ 
currature  and  the  rods  bent  to  tit. 

Condail.— The  cooatructlou  of  conduit  foma  was  Koverned  greatly  by  tbe 
place  they  were  to  be  Installed  and  the  aurroundinga.  A  conduit  in  a  tiench 
offera  different  requirementa  than  conduit  in  the  open.  The  inner  form  oi 
barrel  la  geneially  flrat  placed.  Thia  la  beld  to  tbe  piopei  elevation  b;  plan, 
or  Baddies,  aeparately  cast,  and  the  tops  set  to  grade.  Tbe  steal  la  next 
placed  and  then  tbe  outer  farms. 

Care  must  be  eierciaed  to  prevent  the  form  floating  or  rolling  and  In  Blllng 
the  bottom.  The  bottont  la  sometlmea  cuad  tor  by  placioe  gtout  tubes,  oc 
by  almply  smoothing  up  alter  the  removal  of  the  forms.  In  a  number  id 
conduits  on  the  reservoir  work  a  board  waa  left  off  the  outside  tonna  luit 
above  tbe  invert  and  through  this  opening  the  bottom  waa  successfully  BUed 
by  tamping.  The  filling  of  one  side  and  allowing  the  concrete  to  nin  under 
and  seek  its  level  on  the  opposite  aide,  thua  assuring  filling  in  the  bottom.  Is 
lather  dangeroua  practice  aa  there  I9  great  chance  at  moving  tbe  Inside  toim 


Flo.  11.— Forma  and  bracing  tor  by-paas  coaduit. 

The  by  pass  conduit,  shown  in  Fig.  II  la  7  (t.  iD  diameter  and  about  1,300 
ft.  long,  built  in  36-ft.  secllona.  contained  4S.8  cu.  yda.  and  3,600  lbs.  steel  pM 
section,  and  was  built  after  the  roof  of  the  reaervoir  waa  in  place,  tbe  ptan 
and  roof  being  used  to  brace  against.  Tbe  barrel  waa  placed  on  cratoM* 
aaddlea  and  painted  with  cold  water  paint.  Tbe  reinforcement  was  next 
placed  and  then  the  outside  forms.  The  braces  were  all  lilted  and  maikad 
and  they  together  with  all  except  the  bottom  outside  form  were  lemored  and 
stored  conveniently  for  easy  anens.  Tbe  barrel  waa  held  down  by  braces  to  ttw 
roof  and  held  laterally  by  braces  to  stringera  pla(«d  along  the  piers.  When 
the  concrete  reached  the  level  of  the  top  of  tbe  bottom  form,  the  necogfcl 
form  WHS  placed  and  so  on  until  the  top  was  reached.  After  tbe  conci^te  WM 
placed  to  a  depth  level  with  the  top  of  the  barrel  It  was  found  that  thcra 
was  no  tendency  to  rise  and  the  bracen  to  the  roof  were  removed. 

The  forms  In  this  conduit  were  all  bolted  together;  the  inalde  or  baml 
form  collapses  by  dropping  the  top  section.  The  thne  requited  to  batM 
one  section  was  three  days  and  the  time  to  All  It  was  seven  boura. 

The  forma  including  bracing  contained  6,360  ft.  of  lumber.     The  tagclBf 
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wu  1  In.  southern  pine  and  Ihe  ribs  z  In,  white  pine.  The  cost  <a  a  SMt. 
aectim,  including  taking  down,  placing  aleel,  etc.,  as  compiled  (lom  anumlier 
irf  otwemttioiia  was: 

Cost 

Times       per 
Time        Kate         Coat         lued     eu.  yd. 

Building  forma  at  mill 4S9         tO.35     tI71.IS         10       *0.3fl 

CMpsnts-  wori(  in  field — 

tSrpenter 227K         .35     

Hdpen IB^l         .20        83.39  I         l.TO 

The  toTtaa  tor  the  seven  toot  Altered  water  conduit  shown  In  Fig.  13  la  a 
good  axample  ot  form  work  for  a  conduit  in  a  trench.  In  this  conduit  no 
outside  tonus  eicspt  one  on  either  aide  of  the  top  was  necessary.  The  sec- 
lions  were  30  ft.  In  length,  contained  33  cu.  yds,  of  concrete  and  2,600  lbs. 
ot  stoel.  One  foreman,  4  caipeaters  aad  4  helpers  took  down  the  back  forms, 
set  them  up  ahead  uid  placed  the  sl«el  ready  tor  filling  at  the  rate  of  one 
section  a  day.  Two  sets  ot  forms  were  useil  and  they  were  removed  the 
following  day  as  eady  as  10  o'clock:  thus  while  filling  one  section  another 


Fia.  12. — Forms  and  bracing  tor  7-ft.  Eltered  water  conduit. 

was  being  prepared.    The  cost  ot  setting  up  the  tonna  and  placing  steel  was 
tl.lS  per  cu.  yd.  and  the  coat  of  bending!  steel  40  cts.  per  100  lbs. 

The  48-in,  conduit  was  a  plain  circle  Inside  with  perpenitlcular  sides  and 
semicircular  top  outside.  The  drain  was  located  in  a  21-tt.  flII,  placed  In 
sections  varying  from  20  ft.  to  50  tt.  in  length  and  contained  0.337  cu.  yd.  of 
concrete  and  35  lbs.  steel  per  Jlneal  foot  of  conduit.  The  forms  were  built 
ui  the  mill  and  used  sU  tunes  in  the  field; 

Per  cu.  yd. 

Uunber 10, 72 

Mni  work 30 

Bendina  steel .28 

Carpenter  work  in  field 2.13 


Total., 


1.  ft.  of  drain. 


Co*t  of  Relioias  a  Brick-Uned  Rsssrvoir  with  Coaerete.— Thomas  Fleming. 
Jr.  gives  the  following  data  in  Engineering  and  Contracting,  April  3,  1912, 

The  BeUevue  reservoir  of  the  Ohio  Valley  Water  Co,,  which  supplies  a 
luge  suburban  territory  west  ot  Pittsburg,  consists  of  an  earth  embanitmeut 
•llh  a  vertical  lining  of  brick  masonry  2  tt,  thick.  The  reservoir  Is  130  tt, 
in  diameter  and  20  ft.  deep.  It  rests  on  aoUd  rock  foundation  which  several 
Itars  ago  waa  covered  with  a  concrete  floor.    It  has  a  capacity  of  2,000,000 
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During  the  winter  season  the  joints  between  the  bricks  opened  up  enough 
to  allow  as  much  as  400,000  gals,  per  day  to  leak  out.  While  the  leakage  was 
was  not  periously  threatening  the  stability  of  the  reservoir,  yet  it  was  a  serious 
proposition  financially.  The  cost  of  pumping  water  at  this  plant  against 
the  high  head  (480  ft.)  prevailing,  was  at  that  time  3  cts.  per  1,000  gals.  This 
cost  includes  only  fuel  and  labor.  It  was  estimated  that  the  leakage  averaged 
100,000  gals,  per  day  per  annum,  which  amounted  to  a  financial  loss  of  $3 
per  day,  or  $1,095  per  year.  This  capitalized  at  8  per  cent  would  represent 
an  investment  of  $13,688. 

Several  schemes  were  proposed  to  stop  this  leakage,  but  it  was  finally 
decided  to  reline  the  reservoir  with  an  8-in.  concrete  lining.    This  lining  was 

designed  to  be  constructed  in  sections 

•      '  '  IT  29  ft.  long  horizontally  and  extending 

IZ^ZOO   236         the  fuU  vertical  height  of  the  reser- 

l  Copp6r  Strip  voir.    The  sections  were  connected 

by  a  metal  expansion  joint.  This 
was  made  of  thin  sheets  of  copi>er  of 
No.  28  gage  12  ins.  X  20  ft.  The 
sheet  of  copper  was  corrugated  and 

Fig.  13.— Sketch  showing  method  of  *^en  folded  at  the  center  for  a  width 
making  copper  joints  between  sections  of  4  ins.,  as  shown  in  Fig.  13.  One 
of  concrete.  edge  was  inserted  in  the  section  to 

be  built  and  when  the  adjacent  sec- 
tion was  constructed  the  other  edge  was  inserted  in  it,  leaving  the  fold  between 
the  faces  of  the  adjacent  sections.  The  sections  were  built  alternately. 
There  were  forms  for  four  sections  so  that  the  work  could  progress  contin- 
uously. It  took  a  day  to  pour  one  section  and  while  this  section  was  bdng 
poured,  the  carpenters  were  bracing  the  section  for  the  next  day's  work  and 
laborers  were  removing  form  from  section  that  had  been  poured  two  days 
before  and  were  setting  this  form  for  work  to  follow  two  days  later. 

The  form  for  each  section  was  constructed  in  one  piece  with  vertical  stmts 
and  horizontal  nailing  pieces.  These  nailing  pieces  were  2  ins.  X  12  Ins., 
cut  to  the  arc  of  the  circle  and  spaced  2  ft.  c.  to  c. ;  1-in.  sheeting  was  nailed 
to  these  vertically  and  2-in.  X  10-in.  struts  also  vertical  were  spaced  om  the 
back  of  the  form  5  ft.  c.  to  c.  The  braces  were  nailed  to  these  struts.  The 
specifications  stated  that  the  contractor  must  not  cut  any  holes  in  the  concrete 
fioor  for  supporting  or  bracing  form  work.  Heavy  pieces  of  timber  were 
therefore  laid  on  the  floor  of  the  reservoir  entirely  across  it  and  braced  against 
the  wall  on  the  opposite  side.  The  form  braces  were  then  nailed  to  these 
timbers.  Each  section  was  poured  in  one  day.  The  concrete  was  a  1^1:4 
mixture  and  was  placed  wet  and  thoroughly  spaded.  The  filling  was  made 
slowly  so  that  the  concrete  in  the  lower  part  of  the  section  would  attain  its 
initial  set  before  the  provssure  from  above  could  cause  a  deformation  of  f onns. 
Upon  the  completion  of  a  section  it  was  allowed  to  stand  two  days  befcne 
removing  the  form.  The  surface  was  then  gone  over  with  tools,  imperfections 
removed,  and  a  thin  coat  of  Uquid  cement  grout  was  applied.  Upoii  the 
completion  of  the  work,  the  test  showed  that  the  reservoir  was  absolutely 
water  tight.     The  work  had  to  be  completed  in  24  days. 

The  following  costs  do  not  include  overhead  charges,  nor  do  they  imdude 
10,000  ft.  B.  M.  of  old  lumber  which  was  used  for  form  work  in  additioa  to 
the  lumber  itemized  in  the  list  given.    The  cost  of  material  was  much  hii^ber    I 
than  usual,  due  to  the  fact  that  it  was  necessary  to  haul  it  all  several  ndles  Up    I 
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a  veiiy  steep  grade  where  it  was  necessary  to  use  extra  teams  for  a  part  of  the 
distance.  Prices  quoted  for  hauling  were  25  cts.  per  barrel  for  cement  and 
$2. 10  per  1,000  for  brick.     There  was  a  total  of  201^  cu.  yds.  of  concrete  used. 

Coerr  of  Reunzno  Brick-lined  Rbbebvoirs  with  Concrete 

Item  — Per  cu.  yd.  concrete — 

260  bbls.  cement  at  $1.25,  deliv'd I     325. 00         

123  tons  sand  at  $1.65,  delivered 202.  95         

276  tons  gravel  at  $1.45,  delivered 400.  20         


Total  concrete  material $     928. 15  $4.  60 

4  M.  ft.  of  1-in.  boards  at  $22 88. 00  

Tools  and  lumber 55. 00  

Nails,  oil,  supplies  and  incidentals 18.  50  

Total  form  mat'l  and  incidentals $     161 .  50  $0. 80 

Foreman,  20  days  at  $5 100. 00  

Carpenters  at  $3.50  per  man  per  day 310. 14  

Labor  at  $1.85  per  day 297.  30  

Finishing  and  cleaning  up 54. 16  

Total  for  labor $     761. 60  $3. 77 


Total  cost  of  lining $1 ,851.  25         $9. 17 

Cost  of  Removing  Old  Wooden  Roof  of  Reservoir  and  Building  New  One. — 
Engineering  and  Contracting,  March  19,  1919,  gives  the  following  costs  of 
removing  an  old  wooden  roof  from  the  Villa  Street  reservoir  of  the  Water 
Department  of  Pasadena  Cal.  and  erecting  a  new  wooden  covering.  The 
roof  covers  an  area  of  3.7  acres  and  was  originally  built  in  1899.  The  new 
roof  was  built  in  the  year  1917. 

The  roof  i^as  325  X  405  ft.  and  contained  251,681  ft.  B.M.  of  lumber. 

The  total  cost  of  removing  and  salvaging  the  materials  was  $781,  detailed  as 

follows: 

Cost  per 
Cost  per     100  sq.  ft. 
Total     M.  ft.  B.M.  of  roof 

Preparing  yard  for  receiving  lumber: 

Labor $19       

Auto 4       


Total $23  $0.0917       $0.0143 

Removing  lumber  from  reservoir: 

Labor 162  .6484           .1014 

Hauling  and  stacking  lumber  in  yard: 

Labor 139       

Auto 20       

Material 64       

Total $223  .  8883            .  1390 

Removing  2-in.  pipe  posts: 

LaborT 16  .0632           .0100 

Engineering  and  other  supervision: 

Labor 78       

Auto.. _20       

Total $  98  .  3889           .  0608 

Sale  and  other  disposal  of  materials: 

Labor 119 

Auto _67       

Total '186  .  7407           .  1159 
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Overhead 71  .2821  .0441 


Grand  total $3. 1033       $0. 4855 

The  value  of  the  materials  recovered  was: 
Broken  and  split  lumber  sold  as  kindling  at  $2.50  per  truck  load,  49,663 

ft $       82 

Serviceable  lumber  sold  at  $9  and  $10  per  M.  ft..  119,844  ft 1 ,  189 

Lumber  taken  into  stock,  82,174  ft 821 


Total  value  of  lumber  recovered $2 ,  093 

Pipe  posts  sold  (9,373  ft.  2-in.  screw  pipe) 350 

Appraised  value  of  hardware  cloth  (2,334  sq.  ft.  at  3  ct.) 70 

Total $2,613 

The  new  roof  is  the  same  size  as  the  old  one.    Its  details  are  as  follows: 

Roofing,  1  in.  X  8  in.,  1  in.  X  10  in.,  and  1  in.  X  12  in.  R.  W.  boards;  joists, 

2  in.  X  8  in.  O.  P.  16  ft.  long  spaced  40  ft.  c.  to  c.  (west  tier  2  in.  X  10  in. — 

20  ft.,  4  ft.  c.  to  c).     Girders,  2—2  in.  X  12  in.  O.  P.— 18  ft.  long  spiked 

together,  spaced  15  ft.  9  in.  c.  to  c.    Posts,  6  in.   X  6  in.  R.  W.  18  ft.  and 

20  ft.  long  with  6  in.  X  6  in.  X  3  ft.  R.  W.  corbels.     Work  was  begun  on  Jan. 

8,  1918,  and  was  completed  March  9,  1918.    The  detailed  costs  were  as 

follows: 

Per  M. 

ft.  B.M.      Per  sq. 
Total        in  roof       ft.  roof 
48  concrete  footings  on  slope: 

Labor,  11^  man  days  at  $3.523 $         41     

Material 6     


Total $         47  $  0. 158  $0. 0003 

Construction  of  wooden  roof: 

Labor,  390^  man  days  at  $3.459 $  1 ,352  4. 500  0. 0084 

Auto. 12  .039       

Material,  300.4  M.  ft 10. 150  33. 788  .  0631 

Total $38. 327  $0. 0715 

Hauling  lumber: 

Labor,  44^  man  days  at  $2.857 127  0. 423     

Auto 57  -.190     


Total $0,613     $0.0011 

Other  hauling: 

Labor,  1  11-16  man  days  at  $3.342 6 

Auto 3 


•   •■••• 


Total $  9     $0,030     $0.0001 

Engineering  and  supervision,  30  man  days  at 

$4.952 149  .495  .0009 

Disposal  of  surplus  and  waste  material 25  .  083  .  0002 

Overhead 1,193  3.971  .0074 

Grand  totals $43.  679     $0. 0814 

Cost  of  Concrete  Wave  Protection  for  Earthen  Dams. — The  costs  of  placing 
concrete  linings  on  the  earth  dikes  of  the  North  Laramie  Land  Co.,  Uva, 
Wyoming  is  given  by  W.  D'Rohan  in  Engineering  and  Contracting,  Nov.  27, 
1912. 

The  principal  features  of  the  concrete  linings  are  indicated  in  Figs.  14  and  15. 

In  the  reconstruction  of  the  system,  it  was  necessary  to  increase  the  capacttj 
of  No.  1  reservoir,  by  raising  the  height  of  the  dams.    Owing  to  the  soBundtj 
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of  SII7  suitable  mitterial.  It  was  decided  to  Increase  the  heisht  of  tlie  North 
dyke  by  means  of  a  parapet  wall  and  as  the  dyke  ia  enpoaed  to  the  gieateet 
wind  storms,  the  opportunity  of  putting  a,  wave  break  on  tbe  top  of  the  wall 
could  not  be  n^lected.  The  East  dyke  Is  of  boTsetihoe  fonn  about  2,600  ft. 
Ions;  1,300  ft.  of  it  being  faced  with  plain  concrete  slabs,  and  the  two  ends  with 


hand  laid  riprap.  This  dyke  being  favorably  suitatmi  as  regards  material, 
IS.ezi  cu.  yds.  of  dirt  were  placed  on  It.  The  dyke  was  first  plowed  and  the 
fill  placed  in  3  ft.  layeia  by  means  ol  wheetets  and  scrapers.  All  of  this 
mateilal  was  taken  from  the  outside  of  tlie  dam  witb  an  average  haul  of  300 
ft.  and  coBt  «a.ai8.30  or  about  23  cts.  per  yard.  Tbe  detailed  coat  of  this 
wu  asfoUowB. 
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Eabth  Work,  East  Dykb  Dam 

Foreman,  360  hrs.,  at  35  cts.  per  hr $     126. 00 

Laborers,  1,020  hrs.,  at  26  cts.  per  hr 255. 00 

Laborers,  750  ors.,  at  30  cts  per  hr 225. 00 

Teams,  4,395  hrs.,  at  45  cts.  per  hr 1 ,977.  75 

Teams,  2, 178  hrs.,  at  47M  cts.  per  hr 1 ,034. 55 

Total $3 ,  618.  30 

The  preparations  for  the  placing  of  the  concrete  facing  were  begun  by  the 
excavation  of  the  toe  wall.  This  was  taken  out  in  very  cold  weather  by  a 
"home-guard"  foreman  who  allowed  his  men  to  stand  around  fires  instead  of 
working  and  cost  $200.25  for  171.5  cu.  yds.  of  material.  With  proper  super- 
vision the  cost  could  not  possibly  exceed  $50. 

The  trench  was  taken  out  18  ins.  wide  to  an  average  depth  of  4  ft.,  being 
7  ft.  deep  at  the  lowest  point.  The  "niggerheads"  were  now  thrown  to  the 
toe  of  the  dam,  loaded  on  wagons  and  hauled  to  the  ends  of  the  dyke  where 
they  were  used  for  riprap. 

All  of  the  concrete  placed  on  the  work  was  mixed  1,  2}i  and  6;  the  sand  and 
gravel  being  taken  from  a  pit  IM  miles  from  the  work.  As  the  gn^eater  part 
of  the  rock  was  too  large  for  light  concrete,  a  small  crusher  with  a  capacity  of 
40  tons  was  installed.  This  was  driven  by  a  10  hp.  Stickney  gasoline  engine 
which  also  operated  the  carrier.  The  crusher  was  charged  by  wheelbarrows 
and  the  crushed  material  conveyed  by  the  carrier  to  the  top  of  a  sloping  screen. 
All  material  not  passing  through  yi-in.  mesh  was  classed  as  rock.  This 
crushing  cost  on  an  average  75  cts.  per  yard.  The  sand  and  grayel  were 
hauled  to  the  work  by  teams  hired  at  $5  per  day,  each  team  making  six  trips 
and  hauling  10  cu.  yds.  The  water  for  mixing  was  pumped  by  a  3  hp.  Stick- 
ney gasoline  engine  through  ?i-in.  pipe,  the  delivery  at  1,500  ft.  with  10 -ft. 
lift  being  30  gals,  per  hour,  necessitating  storage  in  barrels  and  overtime  for 
the  engineer,  who  ran  both  mixer  and  pump. 

The  toe-wall  concrete  was  mixed  by  hand,  two  boards  being  used,  5  men  to 
each  board,  with  6  men  charging,  2  men  tamping  and  2  men  finishing  the  top 
and  placing  the  rods  for  the  slabs.  The  labor  cost  of  mixing  and  placing 
amounted  to  $1.98  per  cubic  yard.  The  mixing  boards  were  placed  along  the 
trench  and  were  moved  about  40  ft.  at  a  time.  The  dyke  slope  was  next 
trimmed  to  templet,  and  carefully  tamped,  large  wooden  tampers  being  used. 

The  mixer  used  was  a  H-yd.  Ransome  driven  by  a  10  hp.  Stickney  gasoline 
engine.  All  of  the  material  was  placed  on  the  inside  of  the  reservoir  and  the 
mixed  concrete  wa.s  carried  up  the  incline  in  wheelbarrows.  Two  men  with 
hooks  helped  the  barrowmen  up  the  incline.  The  mixer  was  moved  three 
times.  Two  wheelbarrows  of  rock  and  one  of  sand  were  mixed  with  one  sack 
of  cement  at  a  time,  necessitating  a  double  charging  force  of  six  men;  1  man 
handled  cement  and  water,  1  loaded  the  wheelbarrows,  the  number  of  whicb 
Varied  from  8  to  14  according  to  the  length  of  the  haul;  2  hook  men  snappec} 
them  up  the  incline. 

The  slab  forms  consisted  simply  of  one  2  X  4-in.  laid  flatways  with  another 
one  on  edge  nailed  to  it  and  held  in  place  by  stakes.  For  the  ends  of  the  slabs 
the  top  2  X  4-in.  had  holes  bored  in  it  for  the  tie  rods;  1  carpenter  and  1 
helper  attended  to  the  moving  and  placing  of  the  forms,  rods  and  rubberoid. 
The  concrete  was  run  into  the  slabs  by  means  of  troughs  made  of  galyaniaed 
sheet  iron.  These  chutes  were  7  ft.  long  in  a  light  frame  and  as  they  weis^ied 
only  75  lbs.  were  very  easily  moved. 
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Two  slabs  were  placed  at  a  time,  the  placing  gang  consisting  of  1  man  clean- 
ing the  wheelbarrows  and  chutes,  2  men  placing  the  concrete,  2  men  on  straight 
edge,  and  one  man  troweling.  In  placing  the  concrete  the  men  were  careful 
to  turn  their  shovels  upside  down  with  every  shovelful.  In  this  way,  rich 
mortar  that  usually  sticks  to  the  shovel  was  on  top,  making  it  possible  for  the 
trowel  man  to  put  a  good  finish  on  the  slab,  using  an  ordinary  9-in.  plasterer's 
trowel.  Just  before  the  concrete  had  its  initial  set  the  slabs  were  painted  with 
a  thin  grout,  made  of  sand  and  cement,  care  being  taken  that  the  sand  con- 
tent of  the  mixture  was  the  same  as  that  of  the  conrete  previously  placed. 
This  grout  filled  up  all  of  the  holes  left  by  the  trowel  man,  gave  the  slabs  a 
uniform  color,  and  as  it  and  the  slab  were  practically  of  the  same  mix  it  could 
not  sufiFer  from  unequal  contraction  and  expansion.  The  grout  was  mixed  in 
a  mortar  box,  then  poured  on  a  slab  a  bucketfuU  at  a  time;  this  was  well 
rubbed  into  the  slab  and  joints  with  an  ordinary  broom.  Two  men  were 
required  for  this  operation,  and  the  total  cost  did  not  exceed  10  cts.  per  yard. 

The  parapet  wall  was  placed  in  10  ft.  sections  to  correspond  with  the  slabs 
and  the  sections  were  separated  from  each  other  by  a  layer  of  rubberoid  nailed 
into  the  concrete. 

After  the  forms  were  taken  off  the  parapet  wall,  the  latter  was  backfilled 
to  the  top  and  the  dirt  sloped  to  the  outside  of  the  dyke  so  as  to  keep  any  rain 
water  from  getting  below  parapet  wall.  In  all  790.8  cu.  yds.  of  concrete  were 
placed  on  this  dyke  at  a  cost  of  $5,983.62  or  $7.56  per  cubic  yard.  The  dis- 
tribution of  costs  was  as  follows: 


Cost  Distribution,  Concrete  Facing,  East  Dtke 

Excavation  and  Leveling: 

Laborers,  910  hrs.,  at  25  cts.  per  hr $     227.  50 

Assistant  foreman,  74  hrs.,  at  27H  cts.  per  hr 20.  35 

Total $     247. 85 

Moving  and  placing  mixer 65. 00 

Transferring  material 48. 00 

Toe  Wall  Excavation: 

Foreman,  40  hrs.,  at  50  cts.  per  iir 20.  00 

Foreman.  60  hrs.,  at  27H  cts.  per  ar 16.  50 

Laborers,  655  hrs.,  at  25  cts.  per  hr 163.  75 

Total $     200.  25 

Concreting  Toe  Wall  (hand  mix): 

Laborers  mixing,  980  hra.,  at  25  cts.  per  hr $     245. 00 

Waterman,  66  hrs.,  at  35  cts.  per  hr 19. 80 

Placing  forms — 

Steel  and  finishing,  138  hrs.,  at  25  cts.  per  hr %      34.  50 

Team  hauling  cement,  25  hrs.,  at  50  cts.  per  hr 12.  50 

General  foreman,  57  hrs.,  at  50  cts.  per  hr 28,  50 

Total $     340.  30 

\f  A^fiTiAlfl  Used  * 

Cement.  567  sacks,  at  $2.60  per  bbl $     368.  55 

Gasoline  for  pump,  30H  gals.,  at  25  cts.  per  gal 7.  60 

Steel,  1.246  lbs.,  at  3  cts.  per  lb 37.  40 

Sand.  63  cu.  yds  ,  at  $1.25  per  cu.  yd 78.  75 

Gravel,  126  cu.  yds.,  at  $1.25  per  cu.  yd 157.  50 

Total $     649.  80 
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Backfilling $      76. 15 

Placing  Slabs  and  Parapet  Wall. 

East  Dyke: 

Laborers  mixing  3,606  hre.,  at  25  cts.  per  hr $     876. 25 

Waterman,  143  hra.,  at  35  cts.  per  hr 42, 90 

Carpenters,  289  hrs.,  at  45  cts.  per  hr 130.  05 

Placing  steel  and  finishing,  436  hrs.,  at  25  cts.  per  hr 109. 00 

Team  hauling  cement,  39  hrs.,  at  50  cts.  per  hr 19.  50 

Mixer  feeder,  124  hrs.,  at  27-^  cts.  per  hr 34. 10 

General  foreman.  133  hrs.,  at  50  cts.  per  hr 66.  50 

Extra  waterman,  79  hrs.,  at25  cts.  per  hr 19.  75 

Total $1 ,  298. 05 

Material  Used,  Facing  East  Dyke: 

Cement,  2,835  sacks,  at  $2.60  per  bbl $1,843. 40 

Steel,  3,600  lbs.,  at  3  cts.  per  lb 108. 00 

Gasoline  for  mixer,  100  gals.,  at  25  cts.  per  gal 25. 00 

Gasoline  for  pump,  55  gals.,  at  25  cts.  per  gal 13.  75 

Lumber  (estimated) 25. 00 

Sand,  263  cu.  yds.,  at  $1.25  per  cu.  yd 328. 75 

Gravel,  530  cu.  yds.,  at  $1.25  per  cu.  yd 662.  50 

Rubberoid 52. 00 

Total $3,058. 40 

790. 8  yds.  of  concrete  placed  for $5,983. 80 

A  total  of  350.2  yds.  of  rip-rap  placed  on  the  outer  ends  of  the  East  dyke  at 
a  cost  of  $492.05,  which  also  includes  the  picking  up  of  the  rock.  A  small 
trench  18  ins.  wide  and  15  ins.  deep  was  first  dug  along  the  toe  of  the  dyke  and 
from  this  the  rock  was  laid  at  right  angles  to  the  slope.  The  gang  consisted 
of  5  men  laying  rip-rap,  with  3  helpers  passing  rock,  2  teams  with  2  helpers 
picking  up  and  loading  rock.    The  costs  distribution  was  as  follows: 

Gathering  and  Placing  Rip-Rap,  East  Dyke. 

Laborers,  laying  rock,  1,053  hours  at  25  cts.  per  hour $263. 25 

Foreman,  83  hours  at  27K  cts.  per  hour 22. 80 

Team  hauling  rock,  241  hours  at  50  cts.  per  hour 120.  50 

Men  loading  rock,  342  hours  at  25  cts.  per  hour 85.  50 

350.2  cu.  yds.  placed  for $492. 05 

The  greater  part  of  the  concrete  of  the  North  dyke  was  placed  in  the  fall  of 
1911,  and  before  the  writer  was  connected  with  the  work.  The  toe  wall  was 
dug  to  a  depth  of  5  ft.,  and  all  of  the  concrete  placed  by  means  of  chutes,  the 
mixer  being  moved  along  the  top  of  the  dam.  In  this  way  554.8  cu.  yds.  of 
concrete  were  placed  at  a  total  cost  of  $8,478.43,  or  $15.28  per  cubic  yard.  The  / 
writer,  however  used  the  stationary  mixer  and  wheeled  the  concrete,  making 
faster  time  and  much  cheaper  work,  placing  576.1  cu.  yds.  of  ccmcrete  at  a 
cost  of  $5,658.17  for  labor  and  material  or  $9.82  per  cubic  yard. 

The  forms  for  the  parapet  wall  were  built  at  the  bench  in  16-ft.  sections 
and  were  held  in  place  by  No.  9  soft  wire  tied  to  the  reinforcement,  the  inside 
form  being  also  braced  to  loops  of  wire  previously  bedded  in  the  beams  and 
allowed  to  stick  out.  All  of  the  reinforcing  was  placed  by  union  structural 
iron  workers.  It  is  not  usual  to  employ  union  men  on  such  work,  but  from 
previous  experience  with  laborers  on  similar  work,  the  writer  is  of  the  opinitm 
that  the  union  men  are  the  cheapest  in  the  end.  They  understand  the  work 
and  know  how  to  go  about  it,  and  allow  the  foreman  to  devote  his  time  to  the 
execution  of  the  work. 

The  forms  being  in  place  the  concrete  was  dumped  into  mortar  boxes  and 
shoveled  into  the  forms,  2  men  shoveling  and  1  tamping  from  each  box,  of 
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which  there  were  three,  made  100  cu.  yds.  as  the  best  day's  run.    The  charg- 
ing gang  always  remained  the  same. 

The  detailed  costs  of  this  work  including  that  previously  placed  were  as 
follows: 

Concretinc;  Face  of  North  Dyke 
Work  Done  Previous  to  May,  1912 

Foreman,  480  hours  at  50  cts.  per  hour $     240.  00   ' 

Teams,  2i94  hours  at  45  cts.  per  hour 132.  30 

Laborers,  10,154  hours  at  25  cts.  per  hour 2, 538.  60 

Laborers,  276  hours  at  27H  cts.  per  hour 75,  90 

Carpenters,  793  hours  at  45^t8.  per  hour 356.  85 

Carpenters,  190  hours  at  50  cts.  per  hour 95.  00 

Ironworkers,  819  hours  at  50  cts.  per  hour 409.  50 

Total $3,848.  06 

Id o 4*ApiQ  1    TTa An  * 

Lumber,  l.OOO'ft.  at  $31.00  per  M . .  $       31. 00 

Cement,  850  bbls.  at  $2.60  per  bbl. 2,210. 00 

Gravel,  650cu.  yds.  at  $1.25  per  yd 687.  60 

Sand,  278  cu.  yds.  at  $1.25  per  yd 347.  60 

Gasoline,  480  gals,  at  25  cts.  per  gal 120.  00 

Steel,  40,812.8  lbs.  at  2  cts.  per  lb 1,224.  38 

Wire  (estimated) *. 10.  00 

Total $4,630.  38 

554.8  cu.  yds.  for 8,478. 43 

Work  in  May,  1912 

Laborers  mixing,  3,085  hours  at  25  cts.  per  hour $  771.  26 

Waterman,  109  hours  at  30  cts.  per  liour 32.  70 

Carpenters,  342  hours  at  45  cts.  per  hour 153. 90 

Can>enter  helpers,  234  hours  at  25  cts.  per  hour 58.  50 

Union  steelmen,  392  hours  at  50  cts.  per  hour 196.  00 

Team  on  cement,  48  hours  at  60  cts.  per  hour 24. 00 

Mixer  feeder,  100  hours  at  27>^  cts.  per  hour 27.  50 

General  foreman,  113  hours  at  50  cts.  per  hour 66.  60 

Assistant  foreman,  11  hours  at  30  cts.  per  hour 3.  30 

Helpers  on  steel,  218  hours  at  25  cts.  per  hour 64.  50 

Total $1,378.15 

l^aterials  Used 

Cement,  747  bbls.  at  $2.60  per  bbl $1 ,942. 20 

Sand,  280  yds.  at  $1.25  per  yd 350. 00 

Gravel,  554  yds.  at  $1.25  per  yd 692.  60 

Lumber,  3,000  ft.  B.M.  at  $31.00  per  M 93. 00 

Steel,  H-in.,  38,941  ft.  at  2  cts.  per  ft 778.  82 

Steel,  ^-in.,  8,100  ft.  at  4H  cts.  per  ft 364.  60 

Gasohne,  136  gals,  at  25  cts.  per  gal 34.  00 

Wire,  nails,  etc 25.  QO 

Total $4 ,  280.  02 

576.1  yds.  placed  for $6,668. 17 

No.  3  reservoir  is  a  natural  depression  surrounded  by  almost  level  land, 
with  an  oi>ening  at  the  south  end  where  the  dam  is  located.  The  facing  of 
this  dam  was  ol  the  beam  and  slab  type.  As  the  chief  engineer  was  desirous 
of  obtaining  a  good  idea  of  the  actual  costs  of  construction  of  this  design, 
everyone  put  his  best  foot  forward.  The  toe- wall  was  excavated  by  a  com- 
petent foreman  to  an  average  depth  of  9  ft.,  the  deepest  part  being  17  ft. 
and  the  shallowest  5  ft.  It  was  taken  out  2  ft.  wide  at  a  cost  of  47  cts.  per 
cuMc  yard;  which  was  some  improvement  over  $1.16  per  cubic  yard,  the  cost 
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of  excavating  the  East  dyke  toe-wall.  The  beams  were  dug  out  for  23.6  cts. 
per  cubic  yard.  The  beam  forms  were  put  together  in  sections,  being  wired 
at  the  bottom  and  slotted  at  the  top  to  receive  the  reinforcement,  which  was 
also  put  together  at  the  bench,  a  lap  of  10  ins.  being  allowed.  For  the  placing 
of  the  toe- wall,  the  mixer  was  on  the  inside  of  the  reservoir  in  the  center,  and 
the  concrete  wheeled  each  way  a  distance  of  550  ft.  The  same  organization 
was  Used  throughout. 

This  dam  is  5H  miles  from  the  gravel  pit,  and  the  sand  and  grav^  haul  was 
let  to  the  teamsters  as  piece  work,  $1.82  per  cubic  yard  being  the  price  agreed 
on.  The  teams  made  two  trips  one  day  and  three  the  next,  hauling  on  an 
average  lyi  cu.  yds.  to  the  load.  Owing  to  the  heavy  roads,  two  snap  teams 
had  to  be  provided,  and  this,  with  the  heavier  stripping  at  the  pit,  brought 
the  sand  and  gravel  price  up  to  $3.05  per  cubic  yard. 

For  the  beams,  slabs  and  parapet  wall,  the  mixer  was  placed  at  each  end  of 
the  dam,  600  ft.  of  the  dyke  being  faced  from  one  end  and  350  ft.  from  the 
other.  The  beam  concrete  was  run  into  a  mortar  box  placed  in  the  center  of 
a  slab.  Two  men.  shoveled  this  concrete  into  the  surrounding  beams,  one 
tamper  being  used  for  each  shoveler;  in  this  way  the  concrete  was  thoroughly 
spaded  and  placed  around  the  steel. 

The  system  used  in  placing  the  slabs  and  parapet  wall  was  the  same  as  that 
for  the  East  and  North  dykes.  The  edges  of  the  beams  and  slabs  were 
rounded  with  an  ordinary  side-walk  edger,  and  this  wonderfully  improved 
the  general  appearance  of  the  whole  work.  The  slabs  were  washed  with  a 
sand  and  cement  grout  about  1  to  3  being  similar  to  the  concrete  mix,  sand 
content.  The  trowel  finish  on  the  beams  and  slabs  took  440  hours  of  labor 
at  25  cts.,  or  $110,  and  the  grout  wash  was  placed  by  two  laborers  who  used 
80  sacks  of  cement  and  spent  200  hours  on  the  work,  that  is,  the  total  labor 
and  material  cost  was  10  cu.  yds.  of  sand  at  $3.05,  80  sacks  of  cement  at  $2.70 
per  bbl.,  200  hours  labor  at  25  cts.,  making  a  total  of  $134.50. 

During  the  progress  of  this  work,  the  Colorado  &  Southern  R.  R.  tracks 
washed  out,  so  that  the  cement  had  to  be  hauled  from  Wheatland,  making  an 
extra  cost  of  haul  $70.     The  itemized  costs  of  facing  No.  3  dam  are  as  foUowa: 

Leveling  Dyke — 

Laborers,  588  hours  at  25  cts.  per  hour^ $     147. 00 

Foreman,  48  hours  at  35  cts.  per  hour 16. 80 

Teams,  10  hours  at  50  cts.  per  hour 6. 00 

981  cubic  yds.  moved  for $     168. 80 

or  17.5  cts.  per  yd. 

Filling  in  Slabs  and  Tamping  Dirt  in  Place — 

Laborers,  1,151  hours  at  25  cts.  per  hour $     287.  75 

Foreman,  41  hours  at  35  cts.  per  hour 14. 35 

950  cu.  yds.  moved  for $     302. 60 

or  31.8  cts.  per  yd. 

Excavating  Toe- Wall — 

Laborers,  711  hours  at  25  cts.  per  hour $     177.  75 

Foreman,  95  hours  at  35  cts.  per  hour 28.  60 

Teams,  15  hours  at  50  cts.  per  hour 7. 50 

453. 1  cu.  yds.  moved  for $     213.  75 

or  47  cts.  per  yd. 
Beam  Excavation — 

Laborers,  440  hours  at  25  cts.  per  hour $     110. 00 

Foreman,  49  hours  at  35  cts.  per  hour 14.  70 

395  beams  12  ft.  long  and  2  ft.  deep  for . .    $     124. 70 
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Backfilling  Toe-Wall — 

Laborers,  153  hours  at  25  cts.  per  hour $       38.  25 

Foreman,  12  hours  at  50  cts.  per  hour 6. 00 

f       44. 25 
Concreting  Toe- Wall — 

Carpenters,  222  hours  at  45  cts.  perliour $       99.  90 

Helpers,  122  Hours  at  25  cts.  per  hour 30.  50 

Laborers  mixing,  1,810  hours  at  25  cts.  per  hour 452.  50 

Waterman,  62  hours  at  30  cts.  per  hour 18.  iBO 

Steelmen,  40  hours  at  50  cts.  per  hour . .  ■. 20. 00 

Team  on  cement,  62  hours  at  50  cts.  per  hour 31 .  00 

Mixer  feeder,  62  hours  at  27M  cts.  per  hour 17. 05 

General  foreman,  62  hours  at  50  cte.  per  hour 31.  00 

Assistant  foreman,  30  hours  at  30  cts.  per  hour 9. 00 

356  yds.  of  concrete  for  a  labor  cost  of. $     709.  55 

or  less  than  $2.00  per  yd. 
Material  Used — 

Cement,  1,477  sacks  at  $2.70  per  bbl $     996.  97 

Gasoline  for  mixer,  61  gals,  at  25  cts.  per  gal 15.  25 

Gasoline  for  pump,  32  gals,  at  25  cts.  per  gal 8.  00 

Sand,  164  yds.  at  $3.05  per  yd 500.  20 

Gravel,  328  yds.  at  $3.05  per  yd 1 ,000.  40 

$2,520.82 
Concreting  Face  and  Parapet  Wall,  No.  3  Reservoir — 

Carpenters,  1,410  hours  at  45  cts.  per  hour $     624.  50 

Carpenters'  helpers,  958  hours  at  25  cts.  per  hour 239.  50 

Laborers  mixing,  5,362  hours  at  25  cts.  per  hour 1 ,  340.  50 

Waterman.  212  hours  at  30  cts.  per  hour 63.  60 

Steelmen,  970  hours  at  50  cts.  per  hour 485.  00 

Steelmen  helpers,  112  hours  at  25  cts.  per  hour 28. 00 

Team  on  cement,  94  hours  at  55  cts.  per  hour 51.  70 

Feeder  for  mixer,  191  hours  at  27>^  cts.  per  hour 52.  50 

General  foreman,  171  hours  at  50  cts.  per  hour 85.  50 

Assistant  foreman,  93  hours  at  35  cts.  per  hour 33.  25 

862  yds.  placed  for $3,004.  05 

or  $3.48  per  yd. 
Material  Used — 

Cement,  4,567  sacks  at  $2.70  per  bbl $3,082.  72 

Gasoline  for  mixer,  184  gals,  at  25  cts.  per  gal 46.  00 

Gasoline  for  pump,  110  gals,  at  25  cts.  per  gal 27.  50 


Gravel,  832  yds.  at  $3.05  per  yd 2,537.  60 

3.05  per  yd . 
Steel  (K-in.  98,105  ft.,  Ii-in.  3,483  ft.),  71,167  lbs.  at 


Sand,  416  yds.  at  $3.05  per  yd 1 ,  268.  80 


3  cts.  per  lb 2,135.01 

Lumber,  6,000  ft.  at  $27.00  per  M 162.  00 

Cement  haul  extra 70.  00 

$9,329.63 
Moving  and  Placing  Mixer — 

Laborers,  90  hours  at  25  cts.  per  hours $     22.  50 

Teams,  6  hours  at  55  cts.  per  hour 3.  30 

garpenters,  12  hours  at  45  cts.  per  hour 5,  40 

eneral  foreman,  4  hours  at  50  cts.  per  hour 2.  00 

Assistant  foreman,  2  hours  at  35  cts.  per  hour .70 


$33.90 

The  total  cost  of  placing  1,218  cu.  yds.  of  concrete  was  $16,451.55,  or  $13.50 
per  cubic  yard.  To  mix  and  place  toe-wall  cost  $2  per  yard,  the  beams  cost 
SllO,  the  slabs  $3  and  head-wall  $3.60  per  yard. 

As  the  work  on  No.  1  reservoir  progressed,  water  was  gradually  let  into  it, 
•od  four  days  after  the  completion  of  the  work,  when  the  reservoir  was  at  its 
^  capacity,  a  terrific  windstorm  arose  from  the  northeast  creating  waves 
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3  ft.  high  and  blowing  them  almost  directly  on  to  the  facings  of  the  dams;  this 
storm  lasted  five  hours  and  in  the  ensuing  two  weeks  three  similar  storms  came 
in  the  same  direction.  The  writer,  in  company  with  Mr.  Shelbume,  engineer 
for  the  Land  Company,  visited  the  dams.  We  found  them  in  excellent  shape. 
The  East  dyke  showed  no  signs  of  settlement  or  cracks  of  any  description  and 
very  little  seepage;  the  North  dyke  showed  a  slight  parting  along  the  line  of 
the  slabs  about  two-thirds  of  the  height  from  the  top,  and  the  paraiiet  wall 
had  three  small  cracks  straight  across,  about  M  in-  wide  at  top  and  disappear- 
ing toward  the  bottom  of  the  wall.  These  came  from  settlement  and  were  to 
be  expected.  In  all  probability,  several  more  will  develop  within  the  next  year, 
when  the  cracks  can  be  poured  full  of  grout  or  repaired  in  some  other  manner. 
Cost  of  Concrete  Standpipes  in  Mass. — William  S.  Johnson  in  the  Journal 
of  the  New  England  Water  Works  Association  June,  1914  gives  the  following 
data.    The  standpipes  were  constructed  "recently"  according  to  the  author. 

Cost  in- 
Size,  diam.  Capacity,      eluding       Coet  per 
Town  height,  ft.        gals.       foundations  1,000  gals. 

Ashland 40X32  300,000  $5,812  $19.35 

East  Douglass 45X18  214,000  4,524  21.15 

Leicester,  Chester  Valley  and 

Rochdale) 40  X  21  197,000  4,976  25. 25 

Cost  of  Concrete  Water  Tower  at  Victoria,  B.  C. — ^A.  Kempkey  in  the  Proc. 
Am.  Soc.  C.  E.,  Vol.  XXXVI,  gives  in  detail  the  methods  and  costs  of  con- 
struction of  the  above  tower.  The  following  data  are  taken  from  an  abstract 
of  Mr.  Kempkey's  paper  published  in  Engineering  and  Contracting,  March 
9,  1910. 

The  tower,  as  built,  consists  of  a  hollow  cylinder  of  plain  concrete,  109  ft. 
high,  and  having  an  inside  diameter  of  22  ft.  The  walls  are  10  ins.  thick  for 
the  first  70  ft.  and  6  ins.  thick  for  the  remaining  39  ft.,  and  are  ornamented 
with  six  pilasters  (70  ft.  high,  3  ft.  wide,  and  7  ins.  thick),  a  4-ft.  belt,  then 
twelve  pilasters  (12  ft.  high,  18  ins.  wide,  and  7  ins.  thick),  a  cornice,  and  a 
parapet  wall.  A  steel  tank  of  the  ordinary  type  is  embedded  in  the  upi)er  40 
ft.  of  this  cylinder.  To  form  the  bottom  of  this  tank,  a  plain  concrete  dome 
is  thrown  across  the  cylinder  at  a  point  about  70  ft.  from  the  base,  the  thrust 
of  this  dome  being  taken  up  by  two  steel  rings,  }i  in.  by  14  ins.  and  H  in. 
by  18  ins.,  bedded  into  the  walls  of  the  tower,  the  latter  ring  being  riveted  to 
the  lower  course  of  the  tank.  The  tank  is  covered  with  a  roof  of  reinforced 
concrete,  4  ins.  thick,  conical  in  shape,  and  reinforced  with  )^-in.,  twisted  steel 
bars. 

The  tower  is  built  on  out-cropping,  solid  rock.  This  rock  was  roughly 
stepped,  and  a  concrete  sub-base  built.  This  sub-base  consists  of  a  hollow 
ring,  with  an  inside  diameter  of  20  ft.,  the  walls  being  5  ft.  thick.  It  is  about 
2  ft.  high  on  one  side  and  7  ft.  high  on  the  other,  and  forms  a  level  base  on  which 
the  tower  is  built.  The  forms  for  this  sub-base  consisted  of  vertical  lagging 
and  circumferential*  ribs.  The  lagging  is  of  double-dressed,  2  X  3-in. 
segments,  and  the  ribs  are  of  2  X  12-in.  segments,  Q.ft.  long,  lapping  past  one 
another  and  securely  spiked  together  to  form  complete  or  partial  dittos. 
These  ribs  are  spaced  2  ft.  center  to  center. 

Similar  construction  was  used  for  form  the  taper  base  of  the  tower  proper, 
except,  of  course,  that  the  radii  of  the  segments  forming  the  sucoesaive  ribs 
decreased  with  the  height  of  the  rib.  Tapered  lagging  was  used,  being  mads 
by  double  dressing  2  X   ^in.  pieces  to  1^  X  5^H6  ins.  and  lipping  on  » 
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dlaeonal,  thus  maJdng  two  aUves,  3  iua.  wide  at  one  end  und  xm  Ins.  wide  at 
the  other.  This  tapered  lagging  was  used  again  on  the  4-tt.  belt  and  comic 
loiina,  the  taper  being  turned  aitemalely  up  and  down. 

The  Interior  diameter  being  unllorm  up  to  tbe  bottom  ol  the  dome,  collapaL- 
ble  forma  were  used  From  the  banning.  These  forms  were  constructed  In 
six  large  sections.  6  Ft.  bigh,  with  one  small  key  section  with  wedge  piece  to 
facilitate  stripping,  as  sbown  in  Fig.  16.  There  were  three  tiers  of  these, 
bolted  end  to  end  horizontally  and  to  each  other  vertically. 

Above  the  taper  base  and  except  in  tbe  4-ft.  belt  and  cornice,  collapsible 
forms  were  used  on  the  outside  also.    Tbere  were  six  sections. 


Thee 


3  foUows 


:3:  S  for  the  sub-base  and  taper  base; 
ink  casing:  and  l:2:4torthedomeand 
e,  there  being  no  joint,  the  same  being 


i:  S  tor  the  barrel  of  tbe 
roof.  The  dome  was  piit  In 
true  of  tbe  roof. 

In  order  to  insure  a  perfectly  round  tank,  each  course  was  erected  against 
wooden  templates  accuratertly  centered  and  fastened  to  tbe  inside  scaffold. 
The  tank  Is  tbe  ordinary  type  of  light  steel,  tbe  lower  course  being  W»-in.. 
the  next.  No.  S  B.  W.  gage,  the  ue^.  No,  10  B.  W.  gage,  and  tbe  remaining 
foul.  No.  12  B.  W.  gage. 

Work  on  the  foundation  was  started  on  Aug.  15,  ISOS.  and  the  tower  was 
not  annpleted  until  April  1,  1909.  Much  time  was  lost  waiting  for  the  dellv- 
<TT  of  tlw  steel,  and  also  owing  to  a  period  of  very  cold  weather  which  caused 
'k  for  about  one  month. 
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The  tower  as  completed  presents  a  striking  appearance.  In  order  to  obli 
ate  rings  due  to  the  successive  application  of  the  forms  and  to  cover  the  efl 
escence  so  common  to  concrete  structures,  the  outside  was  given  two  coat 
neat  cement  wash  applied  with  ordinary  kalsomiuing  brushes,  and,  up  to 
present  time,  this  seems  to  have  been  very  effective  in  accomplishing  the 
sired  result.  Irregularities  due  to  forms  are  unnoticeable  at  a  distance  of 
or  300  ft.,  and  the  grouting  gave  a  very  uniform  color.  The  applicatioi 
two  coats  of  cement  wash  cost,  for  labor,  $97.68,  and  for  materiaJ,  $15.18 
$1.32  per  100  sq.  ft.,  labor  being  at  the  rate  of  $2.25  per  8  hours  and  oem 
costing  $2.53  per  bbl.  delivered  on  the  work. 

Before  filling,  the  inside  of  the  tank  was  given  a  plaster  coat,  consisting 
part  cement  to  1^  parts  of  fine  sand.  This  proved  to  be  insufiScient  to  ] 
vent  leakage,  the  water  seeping  through  the  dome  and  appearing  on  the  out 
of  the  structure  along  the  line  of  the  bottom  of  the  rings.  Three  more  c< 
were  then  applied  over  the  entire  tank,  and  two  additional  ones  over  the  d( 
and  about  8  ft.  up  on  the  sides. 

The  following  tables  give  the  cost  of  the  structure.  The  total  herein  gi 
will  not  coincide  with  the  total  cost  as  shown  by  the  city's  books,  for  the  rea 
that  various  items  not  properly  chargeable  to  the  structure  itself  have  b 
omitted,  the  principal  ones  of  which  are  the  cost  of  the  site,  the  laying 
about  600  ft.  of  sewer  pipe  to  connect  with  the  overflow,  and  considerable 
pense  incident  to  the  construction  of  a  wagon  road  to  the  tower. 

The  rates  of  wages  paid ,  all  being  on  a  basis  of  an  8-hour  day,  were  as  folio 

Common  labor $  2. 25  and  $  2.  50 

Carpenter 4. 00 

Carpenter's  helper 2.  75 

Boilermaker 3.  50 

Holders  on 2.  50 

Boilermaker  foreman 5. 00    . 

Plasterers 6. 00 

Plasterers'  helpers 3. 00 

The  cost  of  material  was  as  follows: 

Cement,  per  barrel $2v53 

Sand,  per  yard 1. 47 

Rock,  per  yard 0. 80 

Lumber,  per  1,000  ft.  B.M $14. 00  and  16. 00 

All  these  prices  are  for  material  delivered  on  the  work. 

An  examination  of  the  cost  data,  as  given,  will  show  that  for  the  most  i 
the  unit  costs  are  very  high.  This  is  due  chiefly  to  the  continued  interrupt 
of  the  work,  during  its  later  stages,  owing  to  bad  weather,  particularly  in 
case  of  the  erection  of  the  steel  tank.  The  material  cost  in  this  case  was  i 
exceedingly  high.  In  the  case  of  the  concreting,  inability  to  puidbas 
hoist  and  motor  and  the  high  cost  of  renting  the  same,  together  with  the  d«l 
mentioned,  added  greatly  to  the  imit  cost.  When  it  is  considered  that 
cost  of  plastering  covers  that  of  four  coats  over  the  entire  inside  ot  the  ti 
and  three  more  over  about  one-third  of  it,  it  does  not  appear  so  high,  eqpecfa 
in  view  of  the  high  rate  of  wages  paid.  The  cost  per  yard  for  concrete  al 
was  $25,126,  and  this  is  probably  about  25  per  cent  in  excess  of  the  < 
of  the  same  class  of  work  executed  undei  more  favorable  cotoditioiis  ai 
location,  weather  conditions,  etc. 

The  following  costs  have  been  rearranged  and  further  analyzed  by 
editors  of  ENGiNSERiNa-CoNTRACTiNG  from  the  tables  giveo  by  the  aatt 
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Preliminary  work:  Total        Per  cu.  yd. 

Labor,  carpenter  at  50  cts.  per  hour $       11. 00 

Labor,  conunon,  at  84.4  cts.  per  hour 64. 94 

Lab<Mr,  common  at  28.1  cts.  per  hour 249.  67 

Total  labor • $     325.  61           $  0.  790 

Materials 133.62               0.324 

Total  labor  and  materials S    459.  23          $  1. 114 

Forms:  Building,  Shifting,  Stripping: 

Labor,  carpenter,  at  50  cts.  per  hour $1 ,  832. 99 

Labor,  common,  at  34.4  cts.  per  hour 80.  85 

Labor,  common,  at  28.1  cts.  per  hour 563.  84 

Total  labor $2,477.  68           $  6.  014 

Materials: 

Lumber $     583.  49 

Hardware 325.  51 

Miscellaneous 13. 90 

ToUl  material $     922. 90           $  2. 240 

Grand  total $3,400.58           $8,254 

Scaffold:  Erecting  and  Tearing  Down: 

Labor,  carpenter,  at  50  cts.  per  hour $     693. 00 

Labor,  common,  at  34.4  cts.  per  hour 350.  59 

Labor,  common,  at  28.1  cts.  per  hour 1 17.  27 

Total  labor $1,160.86           $2,818 

Materials: 

Lomber $     487.77 

Hardware 202.  79 

Total  materials $     690. 56           $  1. 676 

Grand  total $1,851.42           $4,494 

Concreting: 

Labor  at  50  cts.  per  hour $     142. 00 

Labor  at  34.4  cts.  per  hour 11. 00 

Labor  at  28.1  cts.  per  hour 947. 81 

Total  labor $1,100.81           $2,672 

Material: 

Rock $     317.30 

Sand 335.  72 

Cement 1,591.97 

Total  material $2,244. 99           $  5. 449 

Hoisting: 

Rental  motor  and  hoist $  .  406.  56 

Power 83.  53 

Total  power $     490. 09           $  1. 189 

Grandtotal $3,737.89           $9,316 

Grand  total  concrete $9,449.12           $23,178 

These  figures  do  not  include  apparently  any  charge  for  superintendence 

vhich  with  perhaps  some  other  items  may  account  for  the  difference  between 

the  final  total  and  the  cost  of  $25,126  for  concrete  given  by  the  author  of  the 
Ptp». 

The  cost  Off  plastering  3,000  sq.  ft.  was  as  follows : 

Labor:  Total           Per  sq.  ft. 

Plasterers,  at  75  cts.  per  hour $     116.  50 

Ubor  at  46H  cto.  p«:  hour 15.  00 

labor  at  37H  cts.  per  hour 198.  52 

labor  at  28.1  cte.  per  hour . ; 105.  66      

Total  labor »    435.68            $0.1462 
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Materials: 

Sand $         8. 64 

Cement 66. 10 

Alum  and  potash 16. 00 

Total  material $       90.  74  SO.  0302 

Grand  total $     526.42  SO.  1754 

The  cost  of  washing  8,560  sq.  ft.  with  cement  wash  was  as  follows: 
Labor:  Total       Per  sq.  ft. 

Common  at  43?^  cts.  per  hour $       50. 00 

Common,  at  28.1  cts.  per  hour 47.  68 

Total  labor S       97. 68  SO.  0114 

Cement.  . . ' S       15. 18  SO. 0018 

Grand  total S     112.86  SO.  0132 

The  itemized  cost  of  the  steel  tank,  20,000  lbs.,  was  as  follows: 
Labor:  Total         Per  lb. 

Carpenter  at  50  cts.  per  hour S     124.  24 

Helper  at  34.4  cts.  per  hour 2.  75 

Boilermakers 382.  57 

Holders  on 147.  33 

Labor 40.  61 

Foreman  at  62.5  cts.  per  hour 186.  25 

Total  labor S     883.  75  SO.  0441 

TL^o 'f  afiQ  la  * 

Tank,  rivets,  etc SI ,  740.  69  SO.  0876 

Grand  total .  .      S2,624.  44  SO.  1816 

The  various  miscellaneous  items  of  cost  were  as  follows: 

Windows,  Doors,  Etc.:  Total 

Labor S         49. 00 

Material 47. 26 

Total S        96. 26 

Equipment,  40%  of  S461.46 S       184. 58 

Ironwork:  (Spiral  stairway,  inlet  and  overflow  pipes,  radiator, 
reinforcing  steel,  etc.):. 

Labor: 

Machinists  at  50  cts.  per  hour S         80. 60 

Helper,  at  34.4  cts.  per  hour 240. 16 

Labor,  at  28.1  cts.  per  hour 100. 79 

Total  labor S      430. 45 

Material S  1,814.71 

Grand  total S  2,245. 16 

Grand  total  (tower,  and  tank  complete) S16,578.  29 

Construction  of  Reinforced  Concrete  Water  Tower  Using  Steel  Forms 
and  Movable  Staging. — In  constructing  the  650,000  gal.  reinforced  concrete 
stand  pipe  at  Westerly,  R.  I.,  the  contractor  used  sectional  steel  forms  and 
special  reinforcement  as  described  in  Engineering-Contracting,  Oct.  5,  1910. 

The  standpipe  is  40  ft.  inside  diam.  with  14-in.  walls  and  is  70  ft.  high. 
The  wall  reinforcing  consists  of  12  vertical  IV^  pipe  columns  made  in  841. 
sections,  connected  by  ordinary  pipe  couplings,  spaced  equidistant  ami 
extending  from  the  bottom  of  the  floor  slab  to  the  cornice.  These  pipe 
columns  have  drilled  in  them  i/4-in.  holes  spaced  the  proper  distance  apui 
for  attaching  the  horizontal  reinforcing  rods.    These  rods  constst  of  flftjr 
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Di-in.  bu8  in  the  flret  10  ft.  from  the  base,  tblit;  lii-\ix.  b&a  In  the  sectKid 

10  It.,  then  twenty-flvo  IW-ln..  thirty-four  IM-in.,  tweniy-flva  IM-in.,  fifteen 
H%-ia.  and  ten  l>i-ln.  In  each  succeeding  10  ft. 

The  horizontal  reioforciiiK  bars  are  bent  around  the  outelde  of  the  pipe 
columns  and  attached  to  them  b;  M-in,  round  clamps.  In  the  flret  5  ft. 
8  ins.  from  the  bottom,  the  bars  are  doubled,  being  clamped  to  the  Inside  sjid 
outside  of  the  pipe  colmnn. 

The  steel  forms  are  made  up  of  3  X  3  X  }i-m.  ansles  and  H-ln.  boiler 
plate.    The  inside  form  ia  6  ft.  high  and  has  a  key  section  In  which  Uie  plawa 


FiQ.  17.— Plan  Bhowing  erection  stasing. 

lap  about  0  ins.,  and  on  either  aide  of  the  Joint  angles  are  securely  riveted  to 
tlw  plates  and  connected  by  short  turnbucUe^.  bo  that  the  whole  form  can  tie 
ipruDg  in  and  reduced  in  diaoketer  so  as  to  make  It  possible  to  raise  it  when 
mi  Miaiji  The  outside  forms  are  made  in  seven  segments  to  the  circle  In 
■ectlou  3  ft.  high.  Two  complete  sections  are  all  that  are  used,  as  when  one 
Mt.  MCtiMi  has  been  erected  and  the  concrete  placed,  the  next  section  is 
placed  oa  top  of  this,  and  by  the  time  the  concrete  is  placed  In  this  section 
i     Um  loirar  tonn  can  be  removed  and  placed  on  top.    On  the  outside  forms 
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all  the  rivets  are  countersunk,  and  the  face  of  the  angles  making  joints  are 
machined  so  as  to  secure  a  perfectly  smooth  fit,  thereby  securing  a  practically 
smooth  finished  surface. 

The  movable  steel  staging  is  located  on  the  inside  of  the  tower,  Fig.  17. 
It  consists  of  four  5-in.  channels  in  the  form  of  a  cross  joined  at  the  center 
with  a  standard  connection.  Around  these  channels  are  bent  two  channels 
in  concentric  circles  of  14  and  19  ft.  radius  braced  with  2  X  2  X  IH-in. 
angles.  The  floor  of  this  staging  is  covered  with  plank,  giving  a  platform  5  ft. 
wide  around  the  inside  of  the  standpipe.  This  platform  was  raised  as  the 
work  progressed  and  held  in  place  by  4  X  4-in.  guide  posts  spaced  45°  apart. 

On  the  outside  of  the  standpipe  is  an  elevator  tower  for  hoisting  the  con- 
crete, which  is  mixed  on  the  ground.  Automatic  dump  buckets  were  used 
for  hoisting  the  concrete,  the  same  being  dumped  into  a  receiver  supported 
by  the  elevator  tower  and  extending  over  the  staging  so  that  wheelbarrows 
could  be  wheeled  directly  under  it  and  loaded  by  gravity,  and  then  wheeled  to 
the  point  where  it  was  to  be  placed.  The  forms  and  movable  staging,  were 
designed  by  the  Aberthaw  Construction  Co.  and  built  by  the  Russell  Boiler 
Works,  of  South  Boston,  Mass. 

The  construction  plant  and  the  labor  were  so  planned  that  each  day's  work 
consisted  of  moving  the  staging  up  3  ft.,  placing  the  steel  forms  and  the 
reinforcing,  and  concreting  one  3  ft.  section.  To  accomplish  this,  it  was  found 
that  the  following  distribution  of  labor  on  the  job  was  about  a  fair  average  for 
the  entire  work. 

For  each  day's  work  the  amount  of  labor  was: 

Hours 

For  handling  and  placing  reinforcing  wall 25 

Forms 69 

Raising  staging  and  elevating  tower 48 

Receiving  and  checking  stock 20 

Mixing  concrete 19 

Placing  concrete 13 

Foreman  and  time  keeper 18 

Working  a  9-hour  day  this  meant  the  employment  of  24  men,  the  majority 
of  whom  were  conunon  laborers.  It  was  found  that  after  the  forms  and  steel 
were  in  place  it  took  between  3  and  4  hours  to  concrete  one  3-ft.  section. 

Further  cost  data  relative  to  the  Westerly  standpipe  are  given  in  an  abstract, 
published  in  Engineering  and  Contracting,  Oct.  11,  1911,  of  a  paper  by 
W.  W.  Clifford  in  the  Proc.  Am.  Soc.  C.  E.,  Vol.  XXXVII,  as  follows: 

The  force  engaged  was  composed  of  about  25  men:  1  superintendent,  1 
engineer,  8  carpenters,  14  laborers  and  1  engineman.  The  carpenters  made 
the  wooden  and  steel  forms,  and  did  most  of  the  work  on  the  reinforcing.  The 
laborers  did  the  concrete  work,  screened  the  stone,  unloaded  materials,  and 
acted  generally  as  helpers. 

The  lower  section  of  the  wall  and  the  floor  were  put  in  on  June  15  in  20  houn 
of  continuous  work.  Each  of  the  flrst  few  sections  above  the  floor  took  2  or 
3  days.  When  well  started,  however,  a  3-ft.  section  was  poured  in  a  day. 
This  meant  placing  the  steel  and  moving  up  the  forms,  in  which  all  the  men 
were  used,  the  laborers  as  helpers,  cleaning  and  greasing  the  forms,  etc,  thin 
the  stage  was  raised,  usually  about  noon,  and  the  concrete  was  poured  in  the 
afternoon.  It  was  allowed  to  set  for  a  few  hours  while  the  men  were  oleMinf 
up  and  getting  ready  for  the  next  day's  work,  then  in  the  early  evening  the 
concrete  foreman  and  three  or  four  laborers  cleaned  the  top  surface.  The  etm- 
crete  was  finished  and  ready  for  the  dome  10  weeks  after  the  floor  was  pot  in. 
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The  cost  of  the  work  is  given  in  Table  XVII.  In  considering  these  costs 
note  should  be  taken  of  the  fact  that  certain  parts  of  the  work  were  done  under 
pressure;  nam^y,  those  parts  for  which  the  whole  work  waited.  Other  parts 
were  done  in  a  more  leisurely  manner,  owing  to  the  fact  that  men  cannot  work 
continuously  at  their  maximum  speed.  For  example:  In  the  morning  the 
first  thing  done  was  to  place  the  steel,  secondly,  to  raise  the  forms,  and  thirdly, 
to  raise  the  stage.    All  these  had  to  be  done  before  concreting  could  begin. 


CONCRCTC  STAND-PIl 
FOR  WeSTCRLY.R 


.    Acc«M  Cbimbar 
4  ,1  «(aot  la  ••••  ptoac 


Fio.  18. — Elevation  and  section  of  reinforced  concrete  stand-pipe^  Westerly,  R.  I. 


This  work  was  done  by  the  carpentisrs  working  at  maximum  speed,  some  of  the 
laborers  acting  as  helpers.  Dining  this  time  the  other  laborers  were  screen- 
ing stone,  waidiing  down  the  walls,  etc.,  under  no  great  pressure.  Later  in 
the  afternoon  the  laborers  were  working  at  top  speed  on  the  concrete,  while 
the  carpenters  were  placing  the  necessary  bracing  on  the  staging,  and  getting 
ready  for  the  next  day's  work,  all  at  a  less  forced  speed.  Consequently,  the 
labor  costs  for  reinforcement,  forms  and  concrete  show  up  much  better  than 
those  for  staging,  screening  stone,  finishing  the  wall,  etc. 
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The  materials  were  delivered  by  a  granite  company,  on  a  side  track  about 

100  ft.  from  the  site  of  the  work,  for  35  cts.  a  ton,  the  additional  costs  being 

for  the  labor  of  unloading  and  carrying  the  materials  to  the  site  of  the  work. 

The  steel  was  carried  by  hand,  and  the  cement  in  wheelbarrows.     The  stone 

and  sand  were  delivered  in  piles  beside  the  mixer  by  carts.     The  following 

prices  were  paid  for  labor: 

Cents  per  hour 

Foreman  carpenter 48 

Foreman  carpenter 43^i  and  45 

Carpenter's  helper 35 

Englneman 35 

Labor  foreman 50 

Laborers 22}^  and  25 

The  following  prices  were  paid  for  materials: 

Cement  per  bbl.  (less  30  cts.  for  bags  returned) $  1.  52 

Sand,  per  yd.,  delivered  at  site 1. 15 

Stone,  per  yd.,  delivered  at  site 1. 07 

Limoid,  per  bag  (100  lbs.) 1.00 

Plaster  of  paris,  per  bbl 2. 00 

Steel,  per  ton,  plus  the  freight 38. 00 

In  Table  XVII  the  cost  of  the  stage  is  divided  between  concrete,  forms,  and 
steel,  in  the  proportions  of  Ki  H  and  K-  In  the  labor  costs  for  the  wall 
steel,  about  one-third  is  charged  to  bending  and  two-thirds  to  placing.  ■  In 
the  secondary  reinforcement,  the  cost  of  bending  was  a  n^ligible  quantity. 

Cost  of  300,000-Gal.  Reinforced  Concrete  Standpipe.  —  The  following 
data  are  taKen  from  an  article  by  L.  R.  Hanson  published  in  Engineering  and 
Contracting,  Dec.  13,  1911. 

The  standpipe  was  built  for  the  city  of  Norway  on  the  upper  Peninsula  of 
Michigan  near  the  Wisconsin  state  line.  The  walls  are  12  ins.  in  thickness, 
43  ft.  high,  and  have  an  internal  diameter  of  35  ft.  The  forms  were  built  in 
sections  5  ft.  in  length  by  3  ft.  in  height,  and  two  complete  inside  and  outside 
rings  were  used.  The  concrete  was  a  1 : 1 : 2  mixture.  The  stone,  specified  as 
between  }4  and  ^i  in.  size,  was  shipped  from  a  point  300  miles  distant  and  this 
item  materially  raised  the  concrete  cost.  Sand  was  obtained  near  the  stand- 
pipe  site.  The  cement  was  mixed  with  10  per  cent  by  volume  of  hydrated 
lime  for  waterproofing.     Bending  and  placing  the  steel  cost  $5  per  ton. 

Summary  of  Cost  Data  por  300,000  Gal.  Reinforced  Concrbte  Tank 
(Prices  do  not  include  overhead  charges  or  profit) 

Walls — 1  : 1  : 2  mixture,  235  cu,  yds. 

Forms:  Total  Cost  per 

cost  cu.  yd. 

Material $     422. 00  $  1. 80 

Labor 404.00         1.72 

Total $    826.00     $3.52 

Steel: 

Material $     906.00     $  3.86 

Labor 118.00  .50 

Total $1,024.00    $  4.86 

Concrete : 

Material $1,377.00     $  6.86 

Labor 627. 00         2. 67 


Total $2,004.00     $  8.52 
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Plaster: 

Material S       77. 00     f  0.  33 

Labor. 265.00         1.12 

Totel S     342.00     S  1.45 

Doors,  ladder,  drains,  etc S     237. 00     $  1. 00 

Removing  debris,  etc 80. 00  »  34 

Total  for  floor  and  circular  wall $4 ,  513. 00     $19.  22 

Roof — 1  :  2  :  4  mixture — 20  cu.  yds.: 

Forms $       54.  00  $  2. 70 

Material 140.00  7.00 

Labor 38.00  1.90 

Total S     232.00     $11.60 

Total  cost  reservoir $4 ,  745. 00 

Wag^: 

Common  labor,  per  hr $0.  25 

Foreman,  per  day 8. 00 

Sand,  cu.  yds.,  delivered 1 ,  00 

Stone,  cu.  yd.,  delivered 2. 66 

Cement,  bbl 1 .  75 

Steel,  lb.,  delivered  at  tank 0. 02 


After  the  entire  tank  was  complete  it  was  given  three  coats  of  plaster  inside» 
mixed  in  the  proportions  of  1  part  cement,  IH  parts  sand,  3^  part  hydrated 
lime  and  hydratite.  The  first  coat  of  M  in.  thickness  was  applied  rough,  and 
while  still  wet  was  covered  with  a  second  coat  about  H  in.  thick  which  was 
brought  to  a  wood  floated  surface;  this  was  next  gone  over  with  a  brush  coat 
and  brought  to  a  very  smooth  troweled  finish.  The  plaster  was  applied  in 
circumferential  strips  6  ft.  in  height,  and  the  cost  of  the  three  coats  per  sq.  ft. 
of  surface  was  7^  cts. 

Upon  the  completion  of  the  entire  tank,  it  was  filled  and  allowed  to  stand  48 
hrs.  and  no  change  in  the  water  level  could  be  detected.  For  the  first  week, 
however,  some  sweating  was  noticeable,  but  in  only  one  place  was  it  of  enough 
consequence  to  gather  and  flow,  and  this  evaporated  before  it  was  3  ft.  below 
where  it  first  appeared.  No  attempt  was  made  to  remedy  the  sweating  other 
than  empt3ring  the  tank  and  refilling  in  two  days,  but  within  ten  days  all  dis- 
coloration disappeared  and  no  sweating  has  since  been  apparent.  The  tank 
received  a  severe  winter's  test  during  the  past  winter  when  ice  over  2  ft.  in 
thickness  covered  the  top  and  extended  around  the  side  walls  of  the  tank  as 
well. 

The  more  successful  waterpropf  construction  effected  in  this  tank  using  a 
1:1:2  mixture  than  in  others  built  under  the  same  supervision  and  care  but  of 
1:2:4  mixture,  seems  to  justify  the  additional  expense  for  cement .  The  plaster 
is  also  an  efifective  "waterproofing  aid"  although  how  large  a  part  of  the  good 
results  here  obtained,  are  due  to  the  plaster  and  the  1:1:2  mixture  respectively 
is  a  matter  of  personal  opinion.  Results  secured  by  plastering  other  large 
tanks  of  1:2:4  mixture  would  seem  to  indicate  that  the  mixture  was  more 
important  than  the  plaster  face. 

Coat  of  Steel  Standpipes  in  Mass. — Table  XVIII  is  taken  from  a  paper  by 
William  S.  Johnson,  published  in  the  Journal  of  the  New  England  Water 
Works  ABSociation,  June,  1914,  and  reprinted  in  Engineering  and  Contracting, 
Sept.  30.  1914.  According  to  the  author  the  standpipes  were  constructed 
"reoeotly." 
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Table  XVIII. — Cost  of  Steel  Standpipbs  in  Mass. 


Town 


Sise, 

diam. 

height, 

ft. 


Bedford 20 

East  Brookfield 25 

Littleton 35 

Marion 20 

North  Chelmsford 22 

Oxford 27 

Pepperell 45 

PUinvUle 25 

So.  Hadley  (Fire  Dial.  No.  2) . .  .  35 

Wareham 20 

West  Groton 30 

Wrentham 30 

Wrentham  State  School 22 

•Without  foundation. 


X 
X 


100 
50 
X  40 
X  100 
X  125 
X  50 
X  40 
X  67 
X  60 
X  100 
X  40 
X  50 
X  50 


Capac- 
ity, gals. 

235.000 
184,000 
288,000 
235,000 
355,000 
214.000 
476,000 
246,000 
432,000 
235,000 
212,000 
264.000 
142,000 


Cost  of 
founda- 
tion 

$1,030 
300 
700 


400 
839 
710 


613 
800 
368 


Coat 
including 
founda- 
tions 

$6,640 
3.550 
4.638 
6,883« 
9,772 
5.060 
6,707 
4,979 
6,165» 
6,835* 
4,021 
6,000 
2,596 


Cost  per 

1,000 

gab. 

$28.25 
19.30 
16.10 
26.00* 
27.50 
23.60 
14.10 
20.25 
14.30* 
29.10* 
18. 95 
22.70 
18.25 


Cost  and  Weight  of  Steel  Water  Tank  of  350,000  GaL  Capacity. — Fig.  19 
from  Engineering  and  Contracting,  Oct.  31,  1917,  gives  a  r^sumd  of  the  bids 


Bidder 


Principal 
Dimensions 


Weight  Iff  Lbs. 


Price 


Price 
PerLb. 


CoN.Fck 
Cu/os 


Remarks 


Chicago 

Bndae  and 
Iron  Works 


Tank  IZbfiOO 
Tower  136,000 
Risenetc  12,000 

Total     275,000 


Elliptical  bott. 
Aa^RisarPipe 
Sr Post  Tower 


30,500 


O.tll 


146 


Chicago 
Sri  age  and 
iron  Works 


P'lftsburg- 
Des-Moines 
Steel  Co. 


Tank  125,000 
Tower  123,000 
Risenetc  12,000 

Total     26(1000 


Elliptical  bott. 
AerRiserPipe 
6' Post  Tower 


29.200 


0.112 


i3o 


Roof  10,300 
Tank  103,500 
Tower  121.000 
Risenetc  14,600 
Total     249,400 


30,950 


0.124 


195 


Seam  tal  bott. 

60  Riser  Pipe 

S'Post  Tower 

'Design  A* 


Pittsburg 

Des'Moines 

5teel  Co. 


Roof  11,200 
Tank  105000 
Tower  125.000 
Riser,etc.  14,600 
Total     256.000 


31,150 


0.122 


195 


Hemisp'rl  bott 

60'RiserPipe 

S'Post  Tower 

'Design  5' 


Arthur  Tufts 
Confrth  Engr 
Atianfa  Oa 


^i 


Approximate  Quantity 


^ 

...I 


of  Concrete  Cu.  Yds. 
Tank         305 
Tower      420 
Total        725  "(30,000 


Price 


H140 


Price 

PerCu 

Yard 

175 


Reinf  Conor 
46' Concrete 
Riser  Pipe 


Tank 


Capacity  550,000  Gallons 

Tower  75  ft  High  to  Bottom  of  Tank 


Fig.  19. — Bids  received  by  Akron,  O.,  for  elevated  steel  water  tank. 

received  by  the  city  of  Akron,  Ohio,  Sept.  27,  1917  for  constructing,  furnishing 
and  erecting  an  elevated  steel  water  tank  of  a  capacity  of  360,000  gal.,  the 
tower  to  be  75  ft.  high  to  bottom  of  tank. 

Cost  of  Steel  Standpipe  at  Youngstown,  Ohio. — N.  E.  Hawkins  in  Enginotf- 
ing  and  Contracting,  March  17,  1915,  gives  the  contract  price  of  a  steti  stand- 
pipe  constructed  in  Youngstown,  Ohio  as  follows: 
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2,400  cu.  yds.  ewth  eioavition,  at  40  »■ I       BTO.  00 

1.700  GU.  yds.  (ninulated  line  ml,  at  W  eta I.SSO.OO 

830  BU.  j^ds.  oonerele,  fll  »B.SO 5.395.00 

BrSt  -ralve  house  coinpUte  (10  (t,  X  12  ft.) ".".'.'.'.'.'.'.'.'.'.'.'.'.'.'."  Slfl!32 

Totol  masonry  contrart I  8,402.72 

Slandplpe  proper     SS.OM.OO 

Total «44,382.72 


The  t&ok  1b  100  ft.  In  diameter  and  RO  ft.  higli  and  provldea  a  sto 
about  2.855.000  gals,  making  the  cost  per  million  gala,  about  »15,S00,00.  Figs. 
:oaiid21  show  the  principal  features  of  the  design. 

Coit  o[  1,C4M,0M  GsL  Steel  Staodpipe  sC  West  Roibaiy,  Miss.— Engloeer- 
tag  aod  Contracting,  Aug.  U,  1915  gives  the  contract  prices  to  the  Metro- 
poUtaD  Water  and  Sewsrago  Board  of  Mass.  nf  the  Btandplpe  as  follows: 
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Cost  of  Standpipe,  Ebectsd  in  1914 

Excavation  and  concrete  base  117.5  ft.  diam.,  2  ft.  8  ins. 
thick  for  width  of  7  ft.  at  circumference,  3  ft.  thick  under 
6  columns  which  support  the  roof,  12  ins.  thick  under  remain- 
der of  tank $  6,382. 28 

Steel  reservoir,  100  ft.  in  diameter,  bottom  f^  ins.  thick, 
sides  44.25  ft.  high  from  H  to  H  ins.  thick 19,397. 00 

Grouting  under  tank  bottom  1  :  1  mixture  requiring  222 
bbls.  of  cement  and  33  cu.  yds.  of  sand 1 ,053.  67 

Total $26,832. 95 

Cost  per  million  gal $10 ,  733. 00 

Costs  of  80,000  Gal.  Wooden  Gravity  Sprinkler  Tank  and  75-ft.  Steel 
Tower. — Engineering  and  Contracting,  July  3,  1912,  gives  the  following 
costs  for  erecting  an  underwriter's  specification  tank  18  ft.  in  diam.  and  18  ft. 
high  and  the  steel  tower  75  ft.  high  upon  which  the  tank  stands. 

The  staves  were  cut  and  fitted  at  the  mill,  so  there  was  no  cutting  or  trim- 
ming at  the  job  with  the  exception  of  the  last  stave.  The  top  of  the  tank  had  a 
conical  roof  sheathed  with  boards  which  were  covered  with  rubbered  roofing. 

The  steel  tower  consisted  of  four  columns  made  up  of  five  15-ft.  sections, 
bringing  the  total  height  up  to  75  ft.  above  the  foundation.  All  joints  were 
riveted  excepting  the  sway  braces,  which  were  made  up  of  %-in.  roimd 
iron  and  tumbuckles. 

The  tower  was  erected  with  a  16-ft.  mast  and  a  three-sheave  rope  block. 
Hoisting  was  done  with  man  power.  As  each  bent  was  completed  the  mast 
was  set  up  on  top  of  the  bent  for  erecting  the  next  one. 

The  hoisting  and  riveting  was  done  with  conmion  labor.  Two  men  in  the 
gang  were  experienced  in  this  work.  The  others  of  the  gang  were  picked  up 
locally. 

The  foundations  were  four  in  niunber  and  were  7  ft.  square  at  the  base  and 
30  ins.  square  at  top  and  were  7  ft.  deep  from  top  to  bottom.  The  itemized 
costs  were  as  follows: 

Excavation —  r 

221H  hrs.  at  25  cts $  55. 37 

Forms: 

29^  hrs.  at  31  cts $     9. 16 

33  hrs.  at  25  cts 8. 26 

Total  forms $  17. 40 

Laying  concrete,  band  mixing: 

193^  hrs.  at  31  cts $     6. 06 

91  hrs.  at  25  cts 22.  76 

Total  concrete $  28. 80 

Grouting  bearing  plates  and  finishing  tops  of  foundations: 

13H  hrs.  at  31  cts $     4. 03 

2M  hrs.  at  25  cts 0. 68 

Total  $    4. 71 

Grand  total  labor  on  foundations $106. 28 

Teaming  tower  and  tank,  1  mile: 

Team,  19  hrs.  at  60  cts $  10. 80 

Laborers,  37  hrs.  at  30  cts 11. 10 

$  21.90 

Erecting  tower  and  tank  and  painting  two  coats: 

643  hrs.  at  30  cts $182. 00 

$204.80 

Grand  total $311. 08 
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srintendence  is  not  included  in  the  above  figures.  The  superintendent 
198  hours  on  the  job. 

of  Wooden  Water  Tanks  in  Railway  Service. — The  following  data 
led  in  Engineering  and  Contracting,  Nov.  13,  1918,  are  given  by 
Knowles,  Superintendent  Water  Service,  Illinois  Central  R.  R.,  in  a 
presented  at  annual  convention  of  the  American  Railway  Bridge  and 
ig  Association.  In  collecting  the  information  letters  of  inquiry  were 
•  45  railroads  and  27  answers  were  received. 

le  much  valuable  information  was  obtained  from  the  replies,  the  figures 
timates  given  as  to  the  life  of  tanks  were  almost  as  many  as  the  replies 
d. 

variation  in  the  figures  submitted  on  the  life  of  timber  on  various 
ds  goes  to  show  that  no  accurate  estimate  may  be  made  on  the  life  of 
mber  that  will  apply  to  all  sections  of  the  country.  It  is  characteristic 
)er  that  it  is  more  durable  when  used  in  the  region  in  which  it  is  grown 
hen  used  elsewhere,  for  nature  seems  to  have  fortified  the  timber  against 
to  a  certain  extent  when  it  is  kept  in  its  native  cUmate. 

railroad  reported  77  redwood  tanks  in  service  in  California  ranging 
6  to  48  years  old,  while  another  road  reported  redwood  tanks  renewed 
3onsin  after  only  15  years  of  service.  Twelve  white  pine  are  reported 
ice  in  Michigan,  with  an  average  life  of  35.4  years,  while  it  has  been 
iry  to  replace  white  pine  tanks  in  Missouri  after  12  to  13  years, 
is  road  reports  cypress  tanks  in  service  as  follows : 

5  tanks  31  years  old, 
8  tanks  30  years  old, 
3  tanks  29  years  old, 

several  eastern  roads  fix  the  maximum  life  of  csrpress  at  25  years. 
3  XIX  shows  the  life  of  310  tanks,  184  of  which  are  still  in  service, 
6  of  which  have  been  relieved.  In  preparing  this  tabulation  only  fig- 
sre  used  where  the  definite  life  of  the  tank  was  given. 

Table  XIX 
Average  Life  of  184  Tanks  in  Sebvicb 

REDWOOD 
Raihoad  "A"  77  tanks  Average  life  32.  6  years 

CYPRESS 

Railroad  *'B"  29  tanks  Average  life  28.  3  years 
Railroad  "C"  25  tanks  Average  life  25  years 
Railroad  "D"    3  tanks  Average  life  32      years 

WHITE  PINE 

Railroad  "A"  24  tanks  Average  life  29.  7  years 
Railroad  "E"  12  tanks  Average  life  35.4  years 
Railroad  **F"    4  tanks  Average  life  29      years 

Seven  Railroads  184  tanks  Average  life  30  years 

Average  Life  of  126  Tanks  Relieved 

CYPRESS 

Railroad  "B"  2t  tanks  Average  life  27.3  years 
Railroad  "G"  16  tanks  Average  life  30  years 
Railroad  "D "    3  tanks  Average  life  32      years 

43  29      years 
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WHITE  PINE 

Rftilroad  "H"  27  tanks  Average  life  27. 5  years 
Railroad  "B"  22  tanks  Average  life  25. 8  years 
Railroad  "I"  14  tanks  Average  life  23  years 
Railroad  "F"  4  tanks  Average  life  29  years 
Railroad  "D"  3  tanks  Average  life  33  years 
Railroad  "E"  3  tanks  Average  life  38. 3  years 
Railroad  "C"    5  tanks  Average  life  27      years 

78  Average  life  27      years 

YELLOW  POPLAR 
Railroad  "C"    3  tanks  Average  life  30      years 

RED  CEDAR 
Railroad  "C"      1  tank  Average  life  28      years 

YELLOW  PINE 
Railroad   "C"     1  tank    Average  life  29      years 

Eight  Railroads  126  tanks  Average  life  28  years 

It  will  be  noted  that  the  white  pine  tanks  show  a  higher  average  life  than 
the  cypress  tanks  in  the  table  of  tanks  still  in  service  while  the  opposite  is 
true  in  the  table  of  tanks  relieved.  This  may  be  explained  by  the  fact  that 
cypress  tanks  were  not  used  as  extensively  as  white  pine  tanks  up  to  20  years 
or  so  ago,  and  on  the  roads  shown  there  are  probably  many  white  pine  tanks 
which  were  in  use  before  cypress  tanks  were  constnicted,  although  there 
is  apparently  very  little  diflference  in  the  durability  of  the  two  wood3. 

It  is  interesting  to  note  that  a  yellow  pine  tank  is  shown  with  a  life  of  29 
years  while  the  life  of  a  yellow  pine  tank  as  constructed  today  would  prob- 
ably not  exceed  12  years.  This  difference  in  life  can  probably  be  explained 
in  the  fact  that  the  trees  from  which  the  tank  mentioned  was  cut  had  not 
been  bled  of  the  rosin  and  preservative  oils  natural  to  the  wood.  It  should 
be  explained  that  the  life  of  28  years  given  the  red  cedar  tank  did  not  lepreaent 
the  extreme  life  of  the  timber  as  when  the  tank  was  taken  down  the  best  of  the 
timber  was  used  in  the  construction  of  a  smaller  tank  which  is  still  in  use. 
The  original  tank  was  constructed  in  1870,  which  makes  the  timber  in  the 
smaller  tank  48  years  old. 

In  the  letters  received  many  records  were  given  showing  a  life  of  only  10  to 
15  years  for  cypress,  white  pine  and  redwood  tanks.  This  was  unfair  to  the 
timbers  mentioned  as  tbe  short  life  obtained  was  undoubtedly  due  to  poor 
selection  of  timber,  poor  constniction,  the  tank  not  being  kept  filled  with  wattf 
or  some  one  or  more  of  a  number  of  faults  that  would  cause  early  deci^. 

Conditions  of  Steel  Water  Tank  After  80  Years'  Service. — ^Walter  E.  Miller 
gives  the  following  notes  in  an  article  published  in  Engineering  News- 
Record,   March  31,    1921. 

The  water  tank  with  supporting  and  inclosing  masonry  tower  of  the 
water-works  of  Madison,  Wis.,  was  erected  in  1890.  Its  demolition  waB 
completed  early  in  January,  1921.  It  was  removed  because  (1)  the  daily 
consumption  of  water  and  the  pumping  rates  had  so  greatly  increased  since 
the  tank  was  erected  that  the  size  of  the  tank  became  too  small  to  be  of  mate- 
rial value,  and  (2) ,  because  the  tower  and  tank  obstructed  an  important  street. 
The  history  of  this  structure  shows  how  greatly  the  allowances  for  depreciation 
might  differ,  depending  upon  whether  they  include  or  exclude  the  functional 
as  well  as  physical  depre(;iation. 

The  structure  consisted  of  a  steel  tank,  12^  ft.  in  diameter  by  60  ft.  high, 
supported  and  enclosed  by  a  cylindrical  brick  wall  above  a  on&-story  square 
structure  of  stone  masonry.  The  bottom  of  the  tank  was  72  ft.  and  its  Vffi 
was  132  ft.  above  the  street. 
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« 
The  tank  rested  on  a  grillage  of  steel  rails  laid  upon  four  16-in.  I-beams 

carried  by  the  heavy  brick  wall.    Above  the  bottom  of  the  tank  the  wall  had 

three  thicknesses,  nominally  8,  6  and  4  in.    The  lower  third  of  that  portion 

was  laid  in  conact  with  the  tank  and  had  a  thickness  of  the  widths  of  two 

bricks  laid  flat.    For  the  middle  third  of  the  tank  the  wall  consisted  of  two 

rings  of  brick,  one  laid  flat  and  one  on  edge,  and  was  2  in.  from  the  tank. 

Around  the  top  third  of  the  tank  4  in.  from  it  was  a  wall  one  brick  width  in 

thickness. 

Examination  of  the  structure  before  and  during  its  removal  revealed  but 
little  deterioration;  so  little  as  to  make  it  appear  that  its  thirty  years  of  actual 
service  would  be  but  a  small  part  of  its  possible  physical  life.  The  most 
noticeable  and  important  deterioration  was  incipient  disintegration  of  the 
outer  brickwork  near  the  level  of  the  bottom  of  the  tank,  but  this  might  have 
been  repaired  at  moderate  expense  had  the  continued  use  of  the  structure 
been  desired.  Notwithstanding  the  apparent  fact  that  the  tank  plates  had 
never  been  cleaned  and  repainted  the  greater  part  of  their  surfaces  was  still 
well  preserved  and  smooth,  although  in  places  the  paint  was  gone  and  rust 
had  formed.  In  a  few  places  there  was  a  noticeable  pitting  of  the  metal,  but 
In  no  case  had  this  gone  far  enough  to  warrant  any  apprehension  as  to  weak- 
ening of  the  plates. 

Data  on  Life  of  Iron  Water  Tank  and  Cost  of  687,000  GaL  Elevated  Steel 
Tank  at  Princeton,  N.  J. — The  following  notes  are  given  in  an  article  by  R.  W. 
Becker  in  Engineering  News,  Jan.  27, 1916. 

In  1883  the  firm  of  Tippett  A  Wood,  of  Phillipsburg,  N.  J.,  fabricated  and 
erected  an  elevated  water  tank  at  Princeton,  N.  J.,  for  the  Princeton  Water 
Co.  The  capacity  of  the  tank  was  141,000  gal.  The  growth  of  the  town 
since  has  made  it  inadequate  and  it  was  replaced  by  a  537,000-gal.  tank, 
built  by  the  same  firm  early  in  1915. 

Recent  inspection  of  the  old  materials  (iron  tank  and  tower)  showed  that 
the  tower  was  exceptionally  well  preserved.  Rust  had  not  caused  sufficient 
deterioration  in  the  tank  plates  to  be  perceptible  by  calibration.  The  tank 
received  two  coats  of  paint  when  it  was  erected  and  had  been  painted  once 
every  3  to  4  years  since.  It  had  always  been  filled  with  water.  The  only 
repair  required  was  the  replacing  of  the  oak  timbers  imder  the  tank  by  6-in. 
steel  I-beams,  5  yr.  ago.  The  wood  was  decaying  rapidly  and  appeared 
unsafe  to  carry  the  load  much  longer  after  25  yr.  of  use. 

The  old  tank  and  tower  were  torn  down  carefully,  so  as  not  to  injure  the 
plates,  by  cutting  off  and  backing  out  the  rivets.  Each  piece  as  it  was  cut  off 
was  carefully  lowered  to  the  ground.  As  the  tank  was  in  such  good  condition, 
it  was  reerected  on  a  concrete  foimdation  at  Lawrence ville.  N.  J.,  where  it  is 
now  in  service.  The  tower  was  reerected  at  New  Brunswick,  N.  J.,  where  it 
is  supporting  a  wooden  tank  of  100,000  gal.  capacity.  The  cost  to  Tippett  & 
Wood  of  taking  down  the  old  tank  and  tower  was  $1 ,000. 

The  new  tank  is  45  ft.  in  diameter,  30  ft.  high  from  the  top  to  the  beginning 
of  the  curved  bottom,  and  68H  't.  high  overall.  The  steel  tower  sup- 
porting the  tank  is  87^^  ft.  high  from  the  column  foundations  to  the  balcony. 
The  distance  from  the  base  of  the  colunms  to  the  peak  of  the  roof  is  133  ft. ; 
and  from  the  ground  to  the  top  of  the  finial  about  135  ft. 

Although  the  columns  are  vertical,  the  tower  is  very  stable  on  account  of 
the  large  diameter  of  the  tank.  Each  colunm  is  anchored  to  a  massive  con- 
crete pier  by  four  IH-in.  round  anchor  bolts.  The  total  cost  of  the  structure 
was  about  $26,000. 


CHAPTER  VII 
WATER  WORKS 

This  chapter,  while  touching  upon  the  general  subject  of  waterworks, 
lays  special  stress  upon  the  particular  phases  of  construction  costs  usually 
allotted  to  the  field  of  civil  engineering.  Additional  data  on  pipe  costs  are 
given  in  the  chapter  on  Irrigation  and  data  on  operating  and  construction 
costs  of  water  treatment  plants  are  given  in  the  following  chapter. 

For  further  data  the  reader  is  referred  to:  Gillette's  "Handbook  of  Cost 
Data"  Section  VII,  Waterworks;  Gillette's  "Earthwork  and  Its  Cost"  and 
"Handbook  of  Rock  Excavation"  for  trenching  costs  and  to  Gillette  and 
Dana's  "Handbook  of  Mechanical  and  Electrical  Cost  Data"  for  costs  of 
piunps  and  pumping. 

Construction  and  Operating  Costs. — The  following  matter  is  abstracted 
from  Hazen's  "  Clean  Water  and  How  to  Get  It"  (1914)  :_^ 

In  America  water  works  receipts  average  about  SSf.60  per  capita  for  the 
population  supplied,  but  figures  ranging  all  the  way  from  $2.00  to  $4.00  are 
conunon;  and  some  figures  are  outside  of  this  range.  These  are  for  publidy 
owned  works.  Private  companies  average  to  make  about  the  same  collec- 
tions for  domestic  rates,  and  in  addition  they  are  paid  for  fire  service,  so  that 
their  total  receipts  average  about  $3.00  per  capita.  Publicly  owned  works 
as  a  rule  receive  no  separate  payment  for  fire  protection. 

There  seems  to  be  no  well  marked  tendency  to  either  higher  or  lower  coUeo- 
tions  per  capita  in  the  larger  cities,  as  compared  with  the  smaller  ones. 
Large  cities  usually  have  to  go  farther  for  water.  Small  sources  near  at 
hand  are  not  available  to  them,  and  it  would  seem  reasonable  to  suppose  that 
the  relative  cost  would  be  greater.  But  it  seems  that  the  savings  which  aie 
made  by  operating  on  a  larger  scale  offset  this  tendency,  and  on  the  whole, 
the  expense  of  securing  water  is  just  about  the  same  on  an  average  in  propoi^ 
tion  to  population  in  small  cities  and  in  large  ones. 

The  disposition  of  the  $2.50  per  capita  collected  on  an  average  in  America 
is  about  as  follows:  First,  in  works  where  the  supply  is  from  a  gravity  source, 
and  no  purification  is  used,  about  $0.50  per  capita  annually  is  used  for  paying 
the  general  expenses  of  administration,  of  taking  care  of  services,  meters, 
etc.,  of  making  repairs,  and  of  maintaining  the  works  generally.  The  $2.00 
remaining  pays  4  per  cent  interest,  and  1  per  cent  depredation,  or  togetber 
5  per  cent  capital  charges  on  a  cost  or  value  of  works  averaging  $40  per  cairfta. 
The  $40  is  about  equally  divided  between  the  distribution  system,  which 
includes  the  pipes  in  the  streets  of  the  city,  the  services,  meters,  etc.,  and  the 
source  of  supply,  which  includes  all  the  works  for  securing  the  water  and 
bringing  it  to  the  city. 

Second,  in  works  where  the  supply  is  pumped  from  a  river  or  lake  near  at 
hand,  with  or  without  purification,  about  $0.50  is  used  for  the  general  expenses 
as  above  mentioned.  Another  $0.50  is  used  for  pumping  and  purification 
(rather  more  when  the  water  is  purified ;  less  when  it  is  not) ;  and  the  remaining 
$1.50  pays  5  per  cent  capital  charges  on  an  average  investment  of  $30  per 
capita,  of  which  $20  is  in  the  distribution  system  and  $10  In  the  souroe  at 
supply. 
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Gravity  sources  of  supply  cost  more  to  secure,  but  are  cheaper  to  operate. 

The  above  mentioned  figures  are  general  approximations,  given  to  show 
general  water  works  conditions  in  America  at  the  present  time,  but  wide 
fluctuations  will  be  found  in  individual  cases. 

Some  cities  are  so  located  that  no  good,  adequate  source  of  supply  is  near 
at  hand ;  and  where  water  is  brought  from  long  distances  and  is  piunped  and 
purified,  it  is  clear  that  it  cannot  be  delivered  at  the  cost  or  sold  at  the  price 
that  is  fair  for  a  water  drawn  from  a  pure  and  ample  source  near  at  hand. 

Then  the  cost  of  distribution  differs.  In  a  city  on  level  ground  where  one 
service  or  one  system  of  pipes  does  for  all,  the  cost  both  of  construction  and  of 
operation  is  less  than  on  a  hilly  site  where  separate  high  service  districts  must 
be  maintained,  involving  additional  pipe  systems  and  additional  pumping 
stations.  And  a  city  that  Is  compactly  built  up,  so  that  it  can  be  served  with 
a  pipe  system  having  a  mile  or  less  of  pipe  per  thousand  of  population,  can  be 
more  cheaply  served  than  a  scattered  city  with  long  lines  of  pipe  running 
out  where  there  are  but  few  houses,  and  where,  taking  it  right  through,  two  or 
even  three  miles  of  pipe  are  required  per  thousand  of  population. 

Cities  that  waste  large  amoimts  of  water  have  to  pay  for  it.  The  cost 
of  the  works  is  greater,  and  this  cost  is  sure  to  be  represented  sooner  or  later 
in  the  assessments. 

Matters  of  these  general  natures  largely  explain  why  some  cities  can  be  sup- 
plied for  less  than  $2  per  capita  while  others  must  collect  over  $4  per  capita. 

The  service  of  water  is  one  of  the  cheapest.  The  average  Amerioan  family 
pays  far  more  for  gas,  for  ice  and  for  milk,  than  for  water.  In  my  own  house- 
hold in  New  York,  taking  the  cost  of  Croton  water  at  $1,  the  average  cost 
of  other  household  supplies  is  as  follows:  Ice  $3,  Light  $4,  Telephone  $5, 
Coal  $13,  Milk  $15.  Taking  into  account  the  nature  of  the  water  service, 
which  has  become  absolutely  indispensable,  the  low  cost  is  very  remarkable. 

Rates  Charged  for  Water  Sennce. — Berlin,  Germany,  collects  twelve  marks, 
equal  to  about  three  dollars  per  annum,  for  each  service,  and  in  addition 
collects  payment  for  all  water  recorded  by  the  meters.  Milwaukee  has 
similarly  collected  one  dollar  per  annum  for  each  service,  but  this  is  clearly  too 
low  a  figure.     It  will  not  pay  for  the  maintenance  of  the  services  and  meters. 

A  better  way  is  to  base  the  payments  upon  the  size  of  the  service.  Most 
of  the  services  of  a  system  are  domestic  services,  that  is  to  say  they  serve 
residences.  These  services  are  commonly  five-eighths  of  an  inch  in  diameter. 
The  assessment  on  these  may  be  placed  at  $3.00  per  annum,  let  us  say. 
Some  takers  insist  on  a  larger  service  because  they  wish  to  draw  water  more 
rapidly.  Many  discussions  take  place  because  the  prospective  taker  Is 
insistent  on  a  larger  service,  while  the  water  works  superintendent  believes 
the  usual  size  to  be  sufficient.  Why  not  let  the  taker  have  a  service  as  large 
as  he  likes  and  chai^  him  for  it  in  proportion  to  its  size,  or,  let  us  say,  approxi- 
mately in  proportion  to  its  ability  to  deliver  water? 

Starting  with  a  charge  of  $3.00  for  a  five-eighth  inch  service,  and  using 

round  figures,  the  chaise  for  larger  services,  not  including  the  charge  for  water 

would  be 

For  ^-inch .  $     5. 00  per  annum 

For  1-inch 10.  00  per  annum 

For  1  J^-inch 20.  00  per  annum 

For  2-inch 30. 00  per  annum 

For  3-incb 70. 00  per  annum 

For  4-inch 125. 00  per  annum 

For  6-inch 300. 00  per  annum 

For  8-incli 500. 00  per  annum 
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This  arrangement  has  jthe  practical  advantage  of  making  a  substantial 
charge  for  a  substantial  service,  and  for  a  service  that  too  often  is  not  ade- 
quately paid  for,  where  large  pipes  lead  from  the  mains  into  mills,  ware- 
houses, etc.,  for  fire  purposes  only,  and  from  which  pipes  ordinarily  no  water 
is  drawn. 

These  pipes  cause  more  trouble  to  water  departments,  and  the  privileges 
granted  are  subject  to  more  gross  abuse,  than  those  from  any  other  class  of 
service;  and  it  is  right  and  proper  that  substantial  payments  should  be 
made  for  them. 

Such  large  fire  services  should  always  be  metered  and  they  should  not  be 
allowed  to  exist  on  any  other  condition.  This  has  not  been  i)ossible  until 
recently,  but  it  can  be  done  now,  for  a  type  of  meter  has  been  invented  which 
is  satisfactory  from  a  water  works  standpoint,  and  which  does  not  interfere 
materially  with  the  value  of  the  pipe  for  fire  service.  With  this  meter  the 
water  ordinarily  passes  through  a  by-pass  on  which  there  is  a  small  meter. 
But  in  case  of  need,  that  is  in  case  of  fire,  a  valve  on  the  main  line  opens 
automatically  and  the  full  quantity  of  water  that  the  pipe  will  carry  flows 
through  it  unobstructed  for  use.  Even  in  this  case  an  approximate  idea  of  the 
amount  of  water  drawn  is  registered  by  some  extremely  ingenious  devices 
which  are  only  brought  into  play  when  the  main  valve  is  opened. 

The  general  idea  of  charging  in  proportion  to  the  areas  of  the  service  pipes 
has  been  expressed  in  the  form  of  minimum  rates  at  Cleveland  and  other 
places.  I  do  not  know  that  it  has  been  followed  ansrwhere  to  its  logical 
conclusion,  as  above  outlined. 

Another  way  to  divide  the  sum  to  be  taxed  on  services  is  in  proportion  to 
fixture  rates.  This  method  is  applicable  especially  in  cities  which  are  grad- 
ually changing  from  fixture  charges  to  the  meter  system.  In  this  case  the 
fixture  rates  are  known  for  each  house.  Supposing  it  is  decided  to  assess 
on&-third  of  the  whole  amount  to  be  raised  upon  fixtures  then  when  a  meter 
was  installed  on  a  given  service  the  charge  for  that  service  would  be  one-third  of 
the  previous  fixture  rate,  and  in  addition  all  water  used  would  be  charged  for. 

For  these  conditions  this  system  has  much  to  reconunend  it.  But  it  is  a 
transition  system.  When  all  services  are  metered  it  is  not  to  be  supposed 
that  it  will  be  worth  while  to  continue  making  fixture  rates. 

In  the  case  of  an  excess  of  revenue  being  demonstrated,  the  chaige  for  water 
could  be  reduced  to  si!x  cents  or  to  five  cents  as  the  business  would  stand,  or 
the  charge  for  services  might  be  lowered.  Practical  experience  with  the 
general  method  would  be  available  to  indicate  where  the  cuts  could  be  best 
and  most  equitably  made. 

The  use  of  a  sliding  scale,  that  Ls  to  say,  or  making  lower  rates  to  large 
takers,  is  firmly  fixed,  and  it  will  be  hard  to  do  away  with  the  idea.  But  the 
writer  believes  that  such  a  scale  as  that  suggested  contains  all  the  provisitMDS 
of  this  kind  that  are  necessary  or  wise. 

In  the  first  place  this  kind  of  scale  is  in  reality  a  sliding  one.  The  small 
cottage  pays,  let  us  say,  $3  per  year  for  the  service,  and  in  addition  uses  water 
charged  at  $0.10  per  1000  gallons,  let  us  say,  amounting  to  $3  per  year  in 
addition.  The  total  payment  is  $6  per  year  and  the  average  cost  of  water  to 
the  taker  is  $0.20  per  1000  gallons. 

A  larger  taker  pays,  let  us  say,  $12  per  year  for  his  service,  and  uses  at  the 
same  rate  water  worth  $120  per  annum.  The  whole  bill  is  then  $132  and  the 
average  cost  of  water  to  him  is  $0.11  per  1000  gallons,  against  the  $0.20  paid 
by  the  smaller  taker. 
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The  basing  figures  of  course  are  to  be  fixed  to  meet  local  conditions,  and 
when  so  fixed  they  will  give  all  the  slide  that  is  desirable.  There  is  no  reason 
why  the  man  in  a  cottage,  who  lets  his  plumbing  get  out  of  order  and  wastes 
an  extravagant  quantity  of  water,  should  be  asked  to  pay  a  larger  price  per 
thousand  gallons  for  the  water  wasted  by  his  neglect  than  is  paid  by  the 
largest  establishment. 

Manufacturers  are  often  supplied  by  cities  at  special  rates  which  are  less 
than  cost.  This  is  most  frequently  done  on  special  pleas,  and  is  comparable 
to  giving  exemption  from  taxation.  The  practice  is  not  a  wise  one  and 
should  not  be  encouraged. 

Low  rates  are  also  often  made  to  secure  customers  who  would  not  otherwise 
use  water  or  who  would  not  use  so  much.  This  is  most  apt  to  be  done  in  the 
early  days  of  operation  of  a  system  when  the  capacity  of  the  works  built 
in  anticipation  of  growth  is  beyond  present  requirements.  Hydraulic 
elevators  and  motors  are  most  common  and  objectionable  subjects  for  such 
special  rates.  As  long  as  the  capacity  of  the  works  is  really  in  excess  of  the 
demand,  a  little  financial  help  is  received  by  the  department  from  such  rates; 
but  as  soon  as  the  capacity  of  the  plant  is  approached  such  rates  become  a  drag 
and  a  source  of  loss.  Exi)erience  shows  that  they  are  not,  and  cannot  possibly 
be  shut  off  promptly  when  they  cease  to  be  profitable.  It  is,  therefore,  better 
and  safer  to  charge  the  regular  rates  for  water  used  for  these  and  all  other 
special  purposes,  and  to  take  good  care  that  all  water  so  used  is  paid  for. 
Some  revenue  will  be  lost;  some  elevators  and  printing  presses  will  be  driven 
by  electricity  instead  of  by  water  power,  but  electricity  is  a  better  way  of 
transmitting  power  than  water  under  pressure,  and  in  the  end  all  will  be 
better  off. 

American  cities  having  high  service  systems  make  precisely  the  same 
charges  for  water  from  them  as  for  water  from  the  low  service  pipes.  The 
man  on  the  top  of  a  hill  with  high  service  water  pays  no  more  than  the  man 
in  the  valley,  though  to  supply  him  costs  the  city  usually  from  two  to  five 
cents  more  per  thousand  gallons,  and  where  the  high  service  districts  are  small 
and  isolated  the  extra  cost  may  greatly  exceed  these  figures.  There  seems  to 
be  no  well-founded  reason  for  this  equality  in  charge  with  clearly  defined 
difference  in  cost  of  service. 

It  would  seem  rational  and  wise  to  charge  more  for  high  service  water  than 
for  low  service  water,  and  to  establish  the  differential  carefully  at  so  many 
cents  per  thousand  gallons,  to  pay  as  nearly  as  it  can  be  computed  for  the 
additional  cost  of  the  high  service  water;  and  the  differential  should  be  subject 
to  revision  from  time  to  time  as  the  conditions  of  service  change.  Usually  it 
would  be  higher  at  first,  with  few  takers,  and  less  as  the  quantity  sold  became 
greater. 

The  present  method  is  unfair  to  those  on  low  ground.  They  pay  their 
share  (usually  the  largest  share)  of  the  excess  of  supplying  water  to  those 
located  on  the  hills.  And  this  is  the  more  unfair,  as  the  hill  sites  are  usually 
more  desirable  for  residences,  and  those  who  live  on  them  aie  well  able  to  pay 
the  added  cost  which  their  service  entails  on  the  water  department. 

I  have  described  this  meter  rate  question  at  some  length,  because  I  feel 
strongly  that  present  methods  of  charging  are  in  general  unfair  and  imreason- 
able,  and  becaiLse  I  believe  that  the  adoption  of  the  general  principles  here 
outlined  will  do  a  great  deal  to  improve  the  situation. 

The  sooner  arbitrary  and  unreasonable  methods  are  abandoned,  and  more 
reasonable  methods  are  adopted,  the  better  it  will  be  for  both  consumers  and 
21 
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for  water  departments,  and  the  easier  it  will  be  to  supply  clean  water  and  to 
make  the  financial  arrangements  for  doing  it. 

The  Required  Sizes  of  Filters  and  Other  Parts  of  Water  Works. — The 
following  matter  is  given  in  Hazen's  "Clean  Water  and  How  to  Get  It" 
(1914). 

One  of  the  most  perplexing  questions  to  a  beginner  is  to  find  the  reasons 
for  the  apparent  discrepancies  in  the  sizes  of  the  di£ferent  parts  of  a  well 
designed  water  worl^  system.  If  a  system  is  capable  of  supplying  15,000,000 
gallons  per  day,  it  would  seem  at  first  thought  that  all  parts  should  be  of  this 
capacity  and  that  nothing  beyond  it  would  be  necessary.  But  this  condition 
is  never  realized.  The  pumps  have  one  capacity,  the  pii>es  another,  the 
filters  still  another,  and  the  plant  is  declared  to  be  too  small  while  the  average 
consumption  of  water  is  below  an^  of  the  figures  given  for  the  capacities 
of  the  component  parts. 

In  laying  out  a  system  of  works  there  is  no  matter  which  calls  for  more  care- 
ful study  than  the  most  advantageous  sizes  of  these  component  parts.  To 
some  extent  these  sizes  are  not  capable  of  calculation,  but  are  matters  of 
judgment.  The  judgment  to  be  valuable  must  be  based  on  extended 
experience,  and  must  take  into  account  all  the  particular  conditions  in  the  case 
in  hand. 

Let  us  take  a  particular  case  to  illustrate  in  a  general  way  the  method  of 
getting  at  these  sizes. 

The  city  under  consideration  has  a  present  population  of  80,000,  we  will  say. 
The  works  now  built  should  be  large  enough  so  that  no  addition  will  be 
required  for  ten  years.  In  some  parts  it  may  be  worth  while  to  anticipate 
growths  for  a  longer  period.  The  rate  of  growth  to  be  anticipated  is  judged 
from  the  past  rate  of  this  particular  city,  and  of  other  cities  similarly  situated, 
taking  also  into  account  any  special  conditions  likely  to  make  it  grow  either 
more  or  less  rapidly  than  it  has  done,  or  than  its  neighbors.  In  this  case  we 
will  say  that,  all  things  considered,  25  per  cent  per  decade  seems  a  reasonable 
allowance.  Adding  25  per  cent  to  the  present  population  brings  us  to  a 
population  of  100,000,  which  must  be  provided  for  in  the  first  construction. 

The  amount  of  water  per  capita  is  next  to  be  considered.  This  depends 
somewhat  upon  the  habits  of  the  people  as  to  the  use  of  water  for  domestio 
purposes,  and  for  watering  lawns  and  streets;  somewhat  upon  the  amount  of 
water  sold  now  or  likely  to  be  sold  for  manufacturing,  railway,  and  trade 
purposes;  and  still  more  upon  the  amount  of  water  that  is  wasted  by  takers  and 
the  amount  lost  by  leakage  from  the  pipes. 

The  present  consiunption  we  will  say  is  100  gallons  per  capita  daily.  A 
greater  manufacturing  use  is  to  be  anticipated,  but  on  the  other  hand,  it  is 
proposed  to  install  more  meters  upon  the  services  which  will  reduce  the  waste. 
This  will  ofifset  the  increase  in  actual  use  per  capita,  and  we  will  consider  100 
gallons  per  capita  daily  as  the  probable  consumption  ten  years  hence. 

The  quantity  of  water  to  be  provided  is  thus  100  gallons  per  capita  for  a 
population  of  100,000,  or  10,000,000  gallons  per  day. 

Ten  million  gallons  per  day  is  the  average  daily  amount  for  the  year.  Some- 
times the  use  will  be  less  and  sometimes  more  than  the  average.  There  are 
few  cities  where  the  maximum  month  does  not  exceed  the  annual  average  by 
15  per  cent.  There  are  some  where  it  is  50  per  cent  greater.  In  this  case  25 
per  cent  is  assumed. 

The  maximum  monthly  consumption  will  thus  be  25  per  cent  above  the 
average,  or  12,500,000  gallons  per  day. 
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The  maximum  daily  consumption  must  be  taken  as  10  per  cent  more  than 
this  figure,  or  13,750,000  gallons  per  day. 

During  some  hours  of  the  day  the  rate  of  consumption  is  far  greater  than  at 
other  hours.  The  excesss  of  the  maximiun  hourly  rate  over  the  average  daily 
rate  is  more  nearly  in  proportion  to  the  population  suppUed  than  it  is  to  the 
average  amount  of  supply.  In  other  words,  the  use  of  water  fluctuates, 
while  the  waste  does  not  fluctuate,  and  where  waste  is  large  in  proportion  the 
fluctuations  expressed  in  percentage  of  the  whole  are  less.  In  this  case  a  rate 
of  80  gallons  per  capita  is  taken  as  representing  the  excess  of  maximum  rate  of 
consumption  over  the  average  of  100.  The  maximum  rate  of  use,  therefore, 
will  be  at  the  rate  of  180  gallons  per  capita,  or  18,000,000  gallons  per  day. 

This  does  not  include  the  water  required  for  fire  service,  which  must  still  be 
added.  For  ordinary  fires  which  are  quickly  put  out,  no  very  heavy  drafts 
are  made.  But  for  the  larger  fires,  which  occur  at  long  intervals,  a  Uberal 
supply  must  be  furnished. 

In  this  case,  taking  into  account  the  nature  of  the  situation  and  value  of  the 
property,  we  assume  that  water  to  supply  30  standard  fire  streams  should  be 
available.  Such  streams  use  250  gallons  of  water  per  minute,  or  at  the  rate  of 
360,000  gallons  per  day  for  each  fire  stream.  Thirty  streams  will  require 
water  at  the  rate  of  10,800,000  gallons  per  day. 

If  this  was  added  to  the  maximum  rate  of  use.  18,000,000  gallons  per  day, 
it  would  give  the  extreme  maximum  rate  to  be  provided  for  of  28,800,000  gallons 
per  day. 

Actually  there  is  so  little  probability  of  the  occurrence  of  the  maximum  fire 
at  precisely  the  time  of  the  maximum  use  of  water  for  other  purposes  that  we 
can  afford  to  take  a  few  chances  on  it,  and  this  figure  may  be  cut  somewhat. 
With  an  average  use  of  100  gallons  per  capita,  rates  exceeding  130  gallons  per 
capita  would  not  occur  for  more  than  a  small  percentage  of  the  time.  This 
would  be  13,000,000  gallons  per  day.  Adding  our  30  fire  streams,  or  10,800,- 
000  gallons  per  day,  to  this,  we  have  23.800,000,or  say  25,000,000  gallons  per 
day,  as  the  amount  which  the  works  must  be  capable  of  supplying  when  there  is 
demand  for  it  in  case  of  a  heavy  fire. 

It'is  only  necessary  to  prepare  to  supply  water  at  this  highest  rate  for  three 
or  four  hours,  but  the  works  must  be  able  to  supply  water  at  the  maximum 
daily  rate  of  13,750,000,  or  say  14,000,000  gallons  per  day,  when  required,  for 
a  number  of  days  in  succession. 

We  can  now  take  up  the  sizes  required  for  the  different  parts  of  the  works. 

If  an  impounding  reservoir  and  its  catchment  area  are  sufficient  to  maintain 
a  constant  supply  in  a  dry  year  equal  to  the  annual  average  contemplated  use, 
that  will  suffice.  The  reservoir  will  take  care  of  fluctuations  in  the  rate  of 
draft,  and  no  computation  need  be  made  of  the  effect  of  such  fluctuations. 

The  pipe  line  leading  from  the  impounding  reservoir  to  the  distributing 
reservoir  near  the  city  must  have  a  capacity  equal  to  the  maximum  daily  use 
of  14,000,000  gallons  per  day,  or  40  per  cent  above  the  average  annual  use. 

The  hourly  fluctuations  will  be  balanced  by  the  distributing  reservoir. 
The  storage  capacity  required  to  balance  the  fluctuations  of  ordinary  use 
will  be  about  15  per  cent  of  the  average  daily  use  or  1 ,500,000  gallons.  In  addi- 
tion to  this,  enough  capacity  to  maintain  the  maximum  flre  draft  for  four 
hours  should  be  added.    This  will  require: 

H^  (25  -  10)  =  2,500,000  gallons  capacity. 

This  makes  the  required  capacity  of  the  distributing  reservoir  4,000,000  gallons. 
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It  is  not  usually  convenient  to  so  operate  a  plant  as  to  keep  the  distributing 
reservoir  always  full,  and  a  fire  might  occur  when  it  was  somewhat  drawn 
down.  To  provide  for  this  a  further  allowance  should  be  made,  bringing  the 
capacity  to  5,000,000  gallons,  or  one-half  a  day's  average  supply.  And  if  the 
fire  risk  is  large,  the  site  suitable,  and  the  financial  conditions  warrant  it.  a 
larger  reservoir,  up  to  at  least  a  full  day's  supply,  will  be  safer  and  better. 

Purification  works  and  pumps,  if  used,  located  between  the  impounding 
reservoir  and  the  distributing  reservoir,  must  have  capacities  equal  to  the 
maximum  day's  use,  and,  in  addition,  reserve  units  or  capacity  must  be  pro- 
vided to  cover  the  time  lost  in  cleaning  filters  and  in  repairing  pumps;  and  it 
is  customary  to  have  a  reserve  unit  of  each  kind,  so  that  the  supply  would  not 
be  crippled  by  having  one  pumping  or  filtering  unit  out  of  service  for  smne 
time. 

As  a  general  rule,  where  the  distributing  reservoir  balances  hourly  fluctua- 
tions and  provides  for  fire  service  requirements,  the  filters  should  have  a 
capacity  a  half  greater  than  the  average  rate  of  consumption,  and  the  pumps 
should  have  a  nominal  capacity  twice  as  great  as  the  average  rate  of  pumping. 

The  average  rate  of  the  filters  will  thus  be  two-thirds  of  the  maximum  rate, 
and  the  piunping  machinery  will  operate  equal  to  one-half  its  nominal  cai>adty 
when  the  capacity  of  the  plant  is  reached.  At  all  other  times  the  ratio  of  use 
to  capacity  will  be  less. 

The  pipes  from  the  distributing  reservoir  to  the  city,  and  through  it,  must 
have  a  capacity  up  to  the  maximum  rate  of  use  of  25,000,000  gallons  per  day. 

If  the  water  is  pumped  from  the  reservoir  to  the  city,  the  pumps  must  have 
this  capacity  with  one  unit  in  reserve.  This  means  practically  that  the  pumps 
for  direct  service  must  have  a  capacity  equal  to  three  times  the  average 
rate  of  use.  In  small  works  the  pumps  must  be  even  larger  than  this  in 
proportion. 

It  never  pays  to  build  filters  and  purification  works  to  meet  the  maximum 
rate  of  consumption.  Even  in  case  of  a  river  supply  and  direct  pumping  of 
the  filtered  water  into  the  distribution  pipes,  it  pays  to  provide  a  pure  water 
reservoir  at  the  filters  to  balance  the  hourly  fiuctuations  in  rate.  This  per* 
mits  the  purification  plant  to  work  at  a  constant  or  nearly  constant  rate 
throughout  the  twenty-four  hours,  which  is  advantageous. 

The  figures  used  in  this  illustration  are  representative,  but  there  are  reasons 
in  particular  cases  why  higher  or  lower  values  must  be  used.  But  in  every 
case  there  are  certain  ratios  that  must  be  met.  With  pumps  capable  of 
lifting  10,000,000  gallons  per  day,  and  filters  capable  of  filtering,  and  pipes 
capable  of  carrying  this  quantity,  it  has  never  been  possible,  and  it  never  will 
be  possible,  to  deliver  under  the  required  conditions  of  practical  service  10,000,- 
000  gallons  of  water  per  day,  nor  even  an  approximation  to  this  amount. 

This  matter,  although  very  simple,  is  mentioned  at  length  because  it  is  one 
of  the  most  common  matters  to  be  misunderstood,  and  a  perfectly  (dear 
understanding  of  it  is  essential. 

Some  most  important  projects  have  been  seriously  defective  and  incapable 
of  their  supposed  capacities  because  of  inadequate  allowances  of  this  kind. 

Waterworks  Data  for  Small  Towns  and  Villages. — Prof.  D.  D.  Ewlnggivei 
the  following  in  Engineering  and  Contracting,  April,  14,  1920. 

The  data  for  the  accompanying  statistical  graphs  and  empirical  equations 
were  drawn  from  the  descriptions  of  waterworks  plants  contained  in  "  Munici- 
pal Water  Supplies  of  Illinois,"  by  Edward  Bartow,  Bulletin  of  the  Univenity 
of  Illinois,  Water  Survey  Series  No  5,1907  and  "Water  Supplies  of 
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b;  C.  A.  Haalclos  ud  C.  C.  Youiis,  Englneaitng  BullMIn  No.  fi.  Univusity 

Id  Fig.  1  >re  plotteiTtlie  ralatkuu  betweeo  water  consumption  In  gallons 
per  c^U  per  day  and  populatloD  tor  Bmall  towns  In  Indiana.  tlUnols  and 
Kansas.  As  Is  Indicated  In  the  figure  Ibe  points  through  wblcb  the  graphs  are 
drawn  are  averages  for  a  number  01  communities  of  about  the  same  size. 
The  water  craisumpUOD  id  a  town  depends  on  a  number  of  f  acton,  some  <rf  the 
most  Important  b^ng: 

IndustrisJ  development. 

Bocial  cfaaiacteiistlcs  ot  the  people. 


Character  of  tbe  water  supply. 
Sewerage  development. 
Percentage  ol  metered  aervlrcx. 


As  the  graphs  represent  average  values  it  is  to  be  eipected  that  in  speciflc 
cases  there  ma;  be  wide  deviation  from  the  flgurea  indicated  by  the  graphs. 
For  example,  in  a  small  country  town  of  the  poorer  type  with  nothing  in  the 
way  ot  sewer  systems  and  industries  the  c<Hisumptlon  may  be  as  low  as  5  gal. 
per  capita  per  day.  On  the  other  hand  In  a  small  city  containing  a  numtier  of 
Uity  large  water  using  industrl«e  the  coosumption  may  reach  500  gal.  per 
e^dta  per  day. 

A  study  ot  the  graphs  indicatee  that  for  ordinary  middle  west  towns  of  l«a.i 
than  4000  population  the  average  daily  water  consumption  may  be  exprex^ieii 
by 

Population 
uaOons  per  capita  per  day  - 
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For  tonoB  of  more  than  4000  populaUon  the  average  OMUumptlcai  li  Inde- 
pendent ot  the  population  and  is  about  100  gal.  pei  capita  per  day.  Id  pautng 
it  may  be  stated  tbat  reliable  water  consumption  daft  are  verj  bard  to  obtain 
since  In  only  a  very  few  of  the  plants  of  the  country  is  the  water  pumplge 

The  relation  between  number  of  consumers  aod  population  for  amill 
Karksaa  communities  is  shown  in  Pig.  2.  Mathematically  the  rtfatlco  la 
approilmately  expressed  by. 

Population 
Number  ot  consumers  =  21  x — — , 

or  roughly  the  average  number  o(    consumers  la  one-dfth  of  the  population. 


Fig.  3  shows  the  relation  between  pump  capacity  in  gallons  per  minute 
population  and  indicates  the  method  used  In  determining  the  relation. 
figures  plotted  are  for  Kansas  towns  and  the  equations  of  the  graphs  are: 


100  +  W   X  PnpuUtion. 
-H  X  Population.         ,  , 


Pump  capacity  (aieragel  =  •?ioil X  Hnpuln 
Pump  capacity  (minimuml  =  K  Population 

Pump  cflpaoity  (sveragt)  -  *Hbo  X  Popula 
Pump  capacity  (minimum)  -  Ht  X  Popula 
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Fia.  3. — Pump  capacity  and  its  lelatioi 


Fio.  4, — BtBihlpipe  capwHty  re 
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The  conatants  in  the  uveral  eqaations  for  simitoT  uonilitioni  an  quita  diffwent. 
enpscity  in  g^ons  per  minatn  is  gbotit  ^ol  the  population.  Thp  mBiimum  and 
for  a  town  of  speciQed  population  should  fall  nomewhere  between  the  filriir« 

Bimilar  eraphB  shoviDg  the  relation  between  standpipe  or  tank  oapaoitr  in 
nllom  and  tbe  population  tor  email  Kansas  rommunltia  are  shown  !k  Fie.  * 
The  equations  of  the  graphs  aret 

C«ia<uty  (average)  -  3fl.000  +  36  X  Population. 

Capadty  (minimum]  -  30.000  +  5  X  Population. 

For  towns  under  1500  population  a  S0,000  ssl.  tank  mounted  on  a  lOO-ft. 
indieaUs^thaTthe"""      '  e  ma  ic  sy  naas 

Tank  capacity  -  12,000  +  5  X  Population. 


Popuhfion  Theosords 


For  Indiana  communities  the  data  analysed  show  that  for  elevated  tanks  a 
Btandpipss  the  relations  between  tank  eapacity  and  population  are: 
Capabity  (ma>imun|  -  50,000  +  00  X  Popufstion. 

Capacity  (average)  -  7500  +  37.5  x  Population. 

Capacity  (minimum)  -  1S.4  X  PopuUtion, 

A  fair  figure  for  the  storage  capacity  needed  in  an  ordinary  middle  weat  town  la 
pfohably  given  with  a  fair  degree  of  accuracy  by  the  equation. 

Tank  capacity  =  25,000  +  35  X  Population. 

derived  from  the  dau  (or  the  Kansas  plants,  is  snown  in  Fig.  S.     The  eqaatloiis 

.  ,  1       .    L  3  X  Population. 

Milee  ol  main  (niaiimun,    -      +  ^^^^ 

.       ,     ,  ,       .  e    ,    •■*  X  Population. 
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It  la  recognized  that  the  design  of  a  new  waterworks  plant  based  wholly 
on  tbe  data  such  as  are  given  above,  certainly  would  not  be  good  engineering 
practice  or  even  good  conuuoQ  sense.  In  the  deelgu  or  layout  of  euch  a  plant 
due  weiglit  must  always  b«  given  to  prevaUing  local  ctmditlons.  Nevertbeless 
It  la  believed  tbat  Buch  data  are  ot  value  In  making  preliminary  estimates,  In 
cliecking  tentative  designs  or  layouts  and  In  checking  the  reasonableness  of 
tbe  operating  performance  In  etisling  plants. 

Cost  and  Operitiiig  Data  tor  Snutl  Waterwarks. — The  followlag  cost  and 
operating  data,  given  in  Englneeiing  and  Contracting,  Oct.  13,  1020.  pertain 
to  small  waterworks  equipment.  Ihey  were  compiled  by  Prof.  D.  D.  Ewing 
in  connection  with  the  preparation  of  Bulletin  No.  1.  "Electilc  Driven  Water- 
works Id  IndlsJia."  Purdue  University  Engineering  Experiment  Station. 


Fin.  Q. — CobU  oC  motor-driVEi]  (^eiitrifugal  pumpa. 

Fig.  6  abews  cost  data  for  centriTugal  pumping  units  foi  12S-rt.,  175-rt. 
and  ZfiO-lt  head.  These  units  Include  3-phaae.220-volt,  1,S00  r.p.m.,  squlirel 
cage,  altematingcujTent  induction  motam,  complete  with  hand-operated  start- 
ing compensatora,  mounted  on  the  same  sub-base  and  direct  connected  to  the 
pumps.     ThBcoatsareF.O.B.wotlo,  andareasofApril  1, 1919. 

As  cost  equations  are  often  more  conveulent  for  ao  engineer's  reference 
handbook  than  tables  or  curves,  such  equations  have  been  worked  out  for  the 
graphs  ot  Fig.  1.    They  are  as  follows: 

Capacities  from  SOO  to  l.oOO  gal.  per  minute,  250-Ct.  beacl,  Cnst  =  KOO  -|- 
H.25  X  G.P.M. 

Capacitiei  Z50  to  1.500  gal.  pfr  minute,  I7S  ft.  bead.  Cost  -  iSOO  -|-  tO.SU  X 
O.P.M. 

rapacities  100  to  7S0  gal.  per  miouU,  U^  ft.  bead.  Cost  -  1040  +  t0.7S  X 

o.p.m; 

Capaiiitiee  750  to  2,000  gal.  per  minute,  12S  ft.  head.  Cost  -  gseo  4-  tO.45  X 
Similar  coat  equations  (or  motot-diiven  rotary  pumps  of  lint-clasa  manutaFture 
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C»pMiti«  100  to  400  ga.1.  per  minutB,  125  ft.  bead,  Coat  -  M.EO  X 
Capacities  600  to  2.000  gsl.  per  minute,  125  ft.  head,  Cost  -  tl,3l 
G.P.M.  ^  . 

Gipscit^^t  "boo  BBl.'per'i^nute,  SfrJL  lift,  Ctwl  -  1800  +  S4 


Fio.  7,— Effioien 


G.piT"  *"  ' 

For  elevated  taoks.  heinfat  to  top  of  tank  100  ft.,  tank  earMciUa 
200.000  gal..  Cost  -  »3,200  +  145  X  capacity  in  1.000  ml. 

The  tank  coats  are  tor  the  tanka  erected  complete  and  ioduda 
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freight  charges.    The  weights  of  these  tanks  and  their  towers  are 

jht  =  14  tons  -\-  H  X  capacity  in  1,000  gal. 

ig.  7  are  shown  the  efficiencies  of  triplex,  rotary  and  centrifugal  pumps, 
curves  do  not  represent  the  efficiencies  of  just  one  pump  of  each  of  the 
it  types  operated  under  various  discharge  conditions,  but  are  the 
cies  of  lines  of  pumps  of  the  several  types,  the  efficiency  of  each  pump  in 
L  line  being  the  best  operating  efficiency  of  that  pump. 

consumption  and  conservation  are  matters  of  prime  importance  today 
Fig.  8  is  shown  an  analysis  of  the  fuel  consumption  of  a  number  of  small 
operated  waterworks  plants  in  Indiana.  It  will  be  noted  that  in  the 
tlants  the  fuel  consumption  reaches  an  almost  prohibitive  figure.  Were 
>lants  operated  by  electric  motors  receiving  their  energy  supply  from 
al  station  of  only  moderate  capacity,  the  equivalent  coal  consumption 
rarely  exceed  7  lb.  of  coal  per  1,000  gal.  of  water  pumped,  and  in  many 
all  below  5  lb.  per  1,000  gal. 

of  Water  Works  in  Cities  of  9,000  to  10,000  Population. — The  data 
le  I  are  taken  from  an  article  in  Engineering  and  Contracting,  April 
),  giving  a  summary  of  the  information  collected  by  Kenyon  Riddle, 
Vlanager  of  Xenia,  Ohio)  by  means  of  a  questionnaire  sent  to  all  cities 
above  size  in  the  United  States. 

,E  I. — Cost  of  Water  Works  in  Cities  op  From  9,000  to  10,000 

Population 

Present  Value  of 
value  of       water  works 

16  of  city                                                                  entire  plant  per  capita 

a,  O.  (P) $260,000  $29.00 

deen,  S.  D.   (M) 224,500  13.50 

oria,  Kan.  (M) 400,000  40.00 

tcana,  Tex.  (M) 160,000  12.00 

Kan.  (M) 123,000  12.30 

ings.  Neb.  (M) 250,000  20.00 

erly,  R.  I.  (M) 350,000  35.00 

agton,  Mich.  (M) 200,000  20.00 

ray,  N.  J.  (M) 350,000  35.00 

mouth,  lU.  (M) 300,000  30.00 

tion  City,  Kan.  (M) 200,000  25. 00 

Scott,  Kan.  (M) 295,500  21.00 

inee.  III.  (M) 395,000  23.00 

ware,  O.  (P) 300 ,  000  33.  00 

130,  Mich.  (P) 150,000  19.00 

•,  Tex.  (M) 285 . 000  19.  00 

nee,  O.  (M) 150,000  16.60 

harles,  Mo.  (M) 150.000  15.00 

,ne.  Kan.  (M) 80,000  16.00 

i«ton,  Kan.  (M) 90,000  19.00 

quernue.  N.  M.  (M) 400,000  22. 00 

>na,  Cal.  (P) 500,000  31.00 

aviUe,  Tenn.  (M) 200.000  20.00 

Dsas  City,  Ak.  (M) 200,000  18. 00 

casha.  Okla.  (P) 240,000  16.00 

en.  Ind.  (M) 220,000  22.00 

Hffl.  Mont.  (M) 500.000  28.00 

ind.  Wis.  (P) 480.000  24.00 

,    Vt    (M^ 390,000  39.00 

>minee,  Mich.  (M) 284.000  28.00 

^.  Kan.  (M) 130.000  14.40 

in.  Mich.  (P) 150,000  12. 50 

3e     of     Supply:    *  Wells    and    springs.     2  Artesian     wells.  » Reservoir. 

rs.    » Wells.    « Lake.     *  Deep    wells.    »  River    and    two  deep    wells. 
igs.     "  Green  Bay,  Michigan. 
?iivate  ownership.     (M)  Municipal  ownership. 
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Cost  Data  on  Small  Water  Works  Systems. — William  Artingstall  gives  the 
following  data  in  Municipal  and  County  Engineering,  Oct.,  1919. 

The  expenditure  incurred  lor  water  supply  for  small  cities  is  dependent  on 
the  locality  and  varies  in  the  per  capita  cost  due  to  the  local  conditions 
peculiar  to  each  city.  This  variation  Ls  due  not  so  much  to  the  cost  of  the 
water  mains  and  feeders  as  it  is  to  the  cost  of  the  pumping  plant  and  the 
difficulty  (or  ease)  with  which  the  necessary  amount  and  kind  of  water  is 
obtained.  For  this  reason  it  is  customary  to  let  separate  contracts  covering 
these  two  phases  of  the  work  and  in  the  majority  of  cases  the  cost  of  the  supply 
is  not  reported  for  public  information.  In  Table  II  the  cost  of  the  distribution 
system  is  all  that  is  given  unless  otherwise  noted.  To  this  cost  must  be  added 
an  amount  per  capita  of  from  $15  as  a  minimum  to  $40  or  $50  as  a  maximum. 
In  cities  where  there  are  no  deep  wells  nor  expensive  pumps  to  install,  the  cost 
would  nm  in  the  neighborhood  of  $15  or  $20. 

Table  II. — Cost  of  Small  Water  Distribution  Systems  in  1919 

Expenditure, 
Town  State  Population  per  capita 

Oneida,  S.  D 160  $200. 00* 

St.  Clair  Beach,  Mich 200  approx.  60. 00 

Ladora,  Iowa 260  68. 50 

Waconda,  S.  D 326  92.  50* 

Garber,  Okla 382  69. 00 

Pretty  Prairie,  Kans 327  97.  60 

Menno,  S.  D 621  56.  30 

Foley,  Minn 710  56.  30 

Hettinger,  N.  D 766  35. 00 

Dexter,  la 767  47. 00 

Townsend,  Mont 759  39.  00 

Wendell,  N.  C 759  47. 30 

Orem,  Utah 800  126. 00» 

Markesan,  Wis 892  61.  50 

Walker,  Minn 917  27. 80 

Fairmount,  Neb 921  37. 00 

Grand  June.  la 1,012  40.00 

Ferndale,  Mich 1 .070  79. 00* 

Spearfish,  S.  D 1 ,  130  44. 00 

Spirit  Lk.,  la 1 ,  162  46.  60 

Roundup,  Mont 1 ,  513  26.  70 

Aiken,  Neb 1,638  24,00 

What  Cheer,  la 1 ,  720  29. 00 

Note  that  as  the  size  of  the  city  increases,  the  cost  per  capita  becomes  less 
due  to  a  greater  density  of  population.     *Complete. 

Costs  of  Small  Water  Works  Systems  in  Massachusetts. — The  following 
data  are  taken  from  an  article  by  Harry  R.  Crohurst  published  in  Engineering 
and  Contracting,  May  26,  1915. 

Table  III. — Cost  per  Capita  of  Small  Water  Works  Ststemb 

Total  cost 
of  water    Cost  per 
Population       works  capita 

Ashland 1700  $  46,034  $27 

East  Brookfipld 2204  23.927  U 

Littleton 1229  45.896  37 

Medway 2696  100,032  87 

Pepperell 2953  105,461  86 

Oxford 3361  57, 539  17 

Wrentham 1743  60,683  20 

The  system  at  Ashland  was  constructed  in  1911  and  consists  of  twdvt 
2>^-in.  driven  wells  varying  in  depth  from  25  to  32  ft.  with  an  average  depth 
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JO  ft.,  a  small  field  stone  pumping  station  25  x  33  ft.  in  plan  with  a  led 
estos  shingled  roof,  and  a  pumping  plant  consisting  of  two  17-HP.  oil 
ines  and  two*  7  X  8-in.  Smith-Vaile  triplex  pumps. 
:'he  distribution  system  consists  of  a  covered,  reinforced  concrete  standpipe 
rt.  in  diameter  and  32  ft.  high  with  a  capacity  of  300,000  gals.,  and  dVi 
es  of  cast-iron  mains  varying  from  12  to  6  ins.  in  diameter.  On  the  system 
re  are  66  gates  and  52  hydrants,  and  the  number  of  services  connected  at 
end  of  the  year  1913  was  250,  all  of  which  were  metered, 
n  laying  out  the  system  no  unusual  conditions  were  encountered,  and  no 
le  amount  of  rock  was  found  with  the  exception  of  the  main  leading  to  the 
adpipe.   • 

7he  cost  of  constructing  the  system  to  the  end  of  the  year  1913,  not  includ- 
service  connections,  as  given  in  the  1913  report  of  the  Board  of  Water 
[nmissioners  was  as  follows: 

vkd  issue $         55  22 

id 1,710.38 

;al  expenses.. 122.  65 

Ice  expenses 74. 76 

Us 1.266.80 

mping  station 2,122.  95 

mps  and  engines 4 ,  358.  20 

ndpipe 5,812.00 

ins: 

*ipe •' J15, 116.  38       

jrates,  hjfdrants,  specials  .•. 2 ,  579.  32       

jayixig  pipe 9 , 369.  86       

^'reisht.  express  and  miscellaneous 1 ,  160.  62  28. 226. 18 

gineering 2,285  20 

S46,034  34 

During  the  year  1913  the  average  daily  consumption  of  water  was  20,000 
s.,  or  about  12  gals,  jter  capita,  one  of  the  lowest  consumptioa  figures  in 
>  state. 
The  cost  of  operating  the  works  during  1913  was  as  follows: 

Pumping  plant S       77. 95 

Service  repairs 27.  74 

Pipe  repairs 262. 17 

Fuel 198.73 

Wages 865. 00 

Office  expense 62. 91 

Interest  on  bonds 2 ,  000. 00 

Miscellaneous 27. 37 

$3,521.87 

?^m  the  above  consumption  and  cost  of  operation  the  cost  of  supplying 
00  gals,  of  water  was  48  cts. 

The  source  of  supply  of  East  Brookfield  is  from  the  shore  of  Lake  Lashaway, 
Furnace  Pond,  just  north  of  the  village.  The  wells  are  located  on  the 
rteriy  shore  and  the  water  which  is  taken  from  a  stratum  of  coarse  water- 
iring  gravel  is  pumped  through  1,325  ft.  of  6-in.  main  to  the  standpipe 
m  which  it  is  distributed  by  gravity. 

The  system  installed  in  the  fall  of  1908,  consists  of  twelve  2^^-in.  tubular 
Us  varjrlng  in  depth  from  19  to  24  ft.,  a  small  brick  pumping  station  24  X 
ft.  in  plan  with  a  slate  roof,  and  a  pumping  plant  consisting  of  two  8-HP. 
engines  and  two  5>^  X  8-ln.  triplex  pumps  each  having  a  capacity  of 
)  gi^.  per  minute. 
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The  distribution  system  consists  of  a  covered  wrought-iron  standpipe  25  ft. 
in  diameter  and  50  ft.  high  with  a  capacity  of  185,000  gals.,  and  about  2.6 
miles  of  ca^t-i^on  mains  12  to  6  ins.  in  diameter.  On  the  system  at  the  time 
of  examination  there  were  80  services  and  32  hydrants. 

The  cost  of  constructing  this  system,  not  including  service  connections, 
was  as  follows: 

Wells $       667.72 

Pumping  station 1 ,  627. 70 

Pumping  plant 3,050. 00 

Standpipe 3, 150.00 

Mains: 

Pipe $8,480.40     .^ 

Hydrant,  gates,  specials 1 ,  357.  60     

Laying  pipe 3.009.90  12,847.90 

Engineering  and  inspection 1 ,  384. 07 

Bil&  payable 1,300. 00 

$23,927.39 

The  water  works  system  of  Littleton  was  constructed  in  1911  and  consists 
of  nine  2^^-in.  driven  wells  varying  in  depth  from  17  to  27  ft.,  a  brick  pumping 
station  with  a  slate  roof  35  X  25-ft.  in  plan,  and  a  pumping  plant  consisting 
of  a  25-HP.  oil  engine,  a  25-HP.  motor  and  a  7^2  X  10-in.  triplex  pump. 

The  distribution  system  consists  of  a  covered  steel  standpipe  40  ft.  high  and 
30  ft.  in  diameter  having  a  capacity  of  275,000  gals.,  and  5.7  miles  of  12  to 
6-in.  cast-iron  mains.  On  the  system  are  17  g^tes,  37  hydrants,  and  130 
metered  services. 

The  cost  of  installing  the  system,  not  including  the  cost  of  service  connec- 
tions, is  given  in  the  1912  report  of  the  Board  of  Water  Commissioners  as 
follows: 

Wells $       431.31 

Pumping  station 2,929. 00 

Pumping  plant 3,735.00 

Standpipe 3,938.00 

Land  and  right  of  way 1 ,  575. 83 

Mains: 

Pipe $19,036.88       

Gates  and  hydrants 1 ,  175. 00       

Express  and  freight 93. 42       

Laying  pipe 8,728.04       

Setting  hydrants 74. 00       

Rock  excavation 1 ,  225. 00       

Miscellaneous 954. 47  31 ,286. 81 

Engineering 2,000. 00 

$45,895^95 

The  cost  of  operating  the  Littleton  works  for  the  year  ending  March  1, 

1913,  was  as  follows: 

Salaries $     580.  00 

Supplies 116.  66 

Fuel  oil 219.  77 

Expenses 8.15 

Freight 39. 16 

Repairs 25.  38 

Miscellaneous 42. 85 

Rent 36. 00 


$1,067.96 


The  water  works  system  of  Medway  was  built  in  1911  and  1912  and  ooii- 
slsts  of  30  2^-in.  wells  varying  in  depth  from  32  to  75  ft.,  each  provtdfld 
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-ft.  strainer  point*  a  pumping  station  40  X  20  ft.  in  plan  of  tenu  cotta 
riih.  cement  plastering  inside  and  out  and  having  a  wooden  truss  roof 
with  slate,  and  a  pumping  plant  consisting  of  two  32-HP.  oil  engines 
»  triplex  single  acting  pumps.  This  plant  was  tested  Sept.  11,  1911, 
Ing  both  engines  together  for  11  hours  successively.  The  economy 
¥ed  nearly  8,000  gals,  pumped  to  1  gal.  of  oil.  The  cost  of  oil  taken  at 
er  gallon  at  the  station  shows  a  fuel  cost  of  H  ct.  per  1,000  gals, 
into  the  standpipe. 

istribution  system  consists  of  a  steel  standpipe  30  ft.  in  diameter  and 
?h  with  a  capacity  of  437,000  gals.,  and  12.35  miles  of  cast-iron  mains 
ns.  in  diameter.  On  the  system  there  are  87  gates.  Ill  hydrants  and 
ice  connections  which  are  only  a  part  of  the  final  number. 
3st  of  these  works  up  to  Feb.  1,  19  J3,  not  including  service  connections, 
oUows: 

ary  examination $     2 ,  750. 00 

nd  issue 944.  95 

1 ,303. 66 

id  connections 4 ,  650. 00 

5  station 3,632. 00 

md  engines 7 ,  650. 00 

>e 8,800.00 

>e  foundations 2 ,325. 00 

nd  laying $52, 142.  85 

1,454.00 

•nts 3,885.00 

it 92.12 

excavation 5 ,000. 00 

crossing 1 ,000. 00 

rs  to  roads 1,500.00         65,073.97 

ing 3,002.40 

$100,031.97 

bove  figures  were  taken  from  the  engineer's  final  estimate  of  the  cost 
the  works. 

8  present  time  record  of  the  quantity  of  water  supplied  cannot  be 
I.     The  cost  of  operating  the  works  during  1912  was  as  follows: 

listration $     631 .  98 

al  expense 71.17 

St  on  bonds 4 ,  325. 40 

ing  sation — 

n\ 379.43 

ieroil 37.81 

818.90 

56.55 

iear 94.49 

$6,415.73 
vater  works  system  of  Pepperell  was  constructed  during  the  summer 

)urce  of  supply  is  from  wells  located  near  Gulf  Brook  just  south  of  the 
lusetts  and  New  Hampshire  State  line  about  three  miles  north  of  the 

'otka  consist  of  34  2J'^-in.  wells  having  an  average  depth  of  25  ft.,  a 
mping  station  30  X  20  ft.  in  plan  with  a  slate  roof,  and  a  pumping 
Dsisting  of  two  25-HP.  oil  engines  and  two  8  X  10-in.  triplex  pumps 
ring  a  capacity  of  250  gals,  per  minute. 
listTibution  system  consists  of  a  covered  steel  standpipe  45  ft.  In 


336  HANDBOOK  OF  CONSTRUCTION  COST 

diameter  and  40  ft.  high  having  a  capacity  of  about  475,000  gals.,  and  16.42 
miles  of  12  to  6-in.  cast-iron  mains.    On  the  system  are  130  hydrants. 

The  cost  of  these  works,  not  including  service  work,  taken  from  the  spedal 
1910  report  of  the  water  commissioners,  was  as  follows: 

Bond  issue $         154. 35 

Wells 2,544.37 

Pumping  station 2, 852. 38 

Land  for  station  and  wells 750. 00 

Standpipe 6,728.08 

Land  for  standpipe 600. 00 

Engines  and  pumps 6,062. 52 

Mains — 

Pipe  and  fittings $49,069.  34 

Laying 24,877. 13 

Hydrants 3,033. 80 

Valves,  gates,  specials 2,288.  69 

Freight 1 ,  099.  65 

Inspection  of  pipe 270. 86 

Miscellaneous 1,188.44         81,757.91 

Engineering , 4,000.00 

$105,450.51 

The  total  consumption  of  water  for  the  year  1912  was  40,282,000  gall, 
which  is  equivalent  to  an  average  daily  consumption  of  110,000  gals,  or  37 
gals,  per  capita. 

The  cost  of  operating  the  system  for  1912  is  given  as  follows: 

Maintenance $2, 728.  36 

Services 657. 84 

Piping  system 341.15 

Meters 65.  73 

Interest 5,080. 00 

$8,873.08 

The  source  of  supply  of  the  Oxford  Water  Works  is  from  driven  wells  near  a 
small  brook  flowing  into  the  French  River  near  North  Oxford. 

The  water  works  system  was  constructed  in  1906  and  consists  of  8  2^^111. 
wells  varying  in  depth  from  23  to  28  ft.,  a  brick  pumping  station  25  X  25  ft. 
in  plan  and  a  pumping  plant  consisting  of  two  oil  engines  andtwotrildn 
pumps. 

The  distribution  system  consists  of  a  steel  standpipe  27  ft.  IndiametarMMl 
50  ft.  high  having  a  capacity  of  220,000  gals.,  and  9.7  miles  of  cast-inm  miloi 
10  to  2  ins.  in  diameter.  On  the  system  are  60  hydrants  and  405  wnvtot 
connections. 

These  works  are  privately  owned  and  the  following  cost  figures  are  talONi 

from  the  1906  report  of  the  company: 

Preliminary  engineering $       200.00     ' 

Wells 581.15     * 

Station 1,720.00 

Pumping  machinery 8,200. 00 

Standpipe 4,564.95 

Foundations 500. 00 

Mains — 

Pipe $28,424. 60 

Hydrants,  valves,  specials   5,098. 07 

Laying 8,077. 87 

Rock  excavation 927. 05  42.628.40     ^ 

Land 1,425.00.'  ^ 

Engineering 1  t7Q0. 50 .  r 

Miscellaneous 1 ,000. 01  ■ 

$57,580.% 
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The  cost  of  operating  the  Oxford  plant  for  the  year  1912  was  as  follows: 

Labor. $    884.34 

Oil  and  gasoline 710. 32 

Interest  on  notes 913. 63 

Coupons  on  bonds 1 ,  250. 00 

Dividends 1,717.60 

Salaries 200. 00 

Repairs 164.  27 

Miscellaneous 268. 07 

S6.108.03 

The  Wrentham  water  works  were  constructed  in  1907.  The  source  of 
supply  is  from  driven  wells  near  the  "Trout  Ponds,"  so-called,  about  a  mile 
south  of  the  village. 

The  system  consists  of  9  2^-in.  tubular  wells  having  an  average  depth  of 
29  ft.  The  pumping  station  is  a  brictc  structure  with  a  slate  roof,  25  X  36  ft. 
in  plan,  containing  two  25-HP.  oil  engines  and  two  8  X  10-in.  triplex  pumps 
each  having  a  capacity  of  250  gals,  per  minute. 

The  distribution  system  consists  of  a  steel  standpipe  30  ft.  in  diameter  and 
50  ft.  high  having  a  capacity  of  265,000  gals.,  and  5.6  miles  of  cast-iron  mains 
10  to  2  ins.  in  diameter. 

The  cost  of  the  system,  not  including  service  connections  was  as  follows: 

Wells $  1,048.22 

Pumping  station  above  foundation 1 ,  646. 97 

Engines  and  pumps 6 ,  933.  65 

Standpii)e  above  foundation 5,204.  63 

Foundations  (station  and  standpipe) 1 ,556.  50 

Mains — 

Pipe $21,002.62 

Hydrants 969.  68 

Specials 1,215.57 

Laying 9,410.39 

Bndge  crossing 195. 18       32,793. 44 

Engineering 2.600.00 

$50,683.31 

The  above  figures  are  compiled  from  the  1907  report  of  the  water 
commissioners. 

Reports  from  66  Cities  on  Pumpage,  Meterage,  Repairs  and  Renewals, 
and  Depreciation. — Information  on  certain  phases  of  water  works  operation, 
concerning  which  there  is  considerable  diversity  of  opinion,  has  been  collected 
by  Engineering  and  Contracting  and  published  in  the  issue  of  May  8,  1918. 
Table  IV  contains  a  summary  of  the  replies  to  a  questionnaire  sent  to  water 
works  superintendents.  Of  the  66  cities  represented  in  the  table.  63  report  on 
pump  capacity  and  output  of  pumps.  The  total  daily  pumping  capacity 
of  these  cities  is  1,500,000,000  gal.  and  the  daily  average  output  averages 
about  823,000,000  gal.  or  a  ratio  a  little  less  than  2  to  1.  Excluding  Chicago 
with  its  daily  pump  capacity  of  923,000,000  gal.  and  the  remaining  62  cities 
have  a  daily  pump  capacity  of  583.000,000  gal.  and  a  daily  average  output 
of  192,000,000  gal.,  or  a  ratio  of  3  to  1.  Of  the  66  cities  57  reported  the 
per  capita  water  consumption.  The  arithmetical  average  consumption  for 
37  cities  having  more  than  69  per  cent  of  their  services  metered  was  slightly 
less  than  70  gal.  per  capita.  The  average  per  capita  consumption  for  the  22 
cities  with  less  than  56  per  cent  of  their  services  metered  was  133  gal. 

Fifty-eevoi  cities  reported  on  maintenance  expenses  of  their  water  works. 

The  total  investment  was  $133,600,000  or  about  $30  per  capita  and  the  total 

maintenance  expense  for  the  last  recorded  year  was  $2,236,000  or  about  1.7 

per  cent.    The  average  depreciation  annuity  for  34  plants  was  2.9  per  cent. 

22 
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P*r  CsBt  of  Water  Woiki  PlanI  CluifCd  to  Pits  ProtecKan. — Currea  based 
on  public  utility  decisions  have  beea  lound  uatlxd  by  Cheeter  Si  Fleming, 
Consulllng  Engineers,  Pittsburcb.  aa  a.  gaiae  to  show  wb&t  poitlon  ol  water 
charges  abould  be  allocated  to  &re  service.  The  diagrams  prepsred  b;  the 
above  mentioned  firm  weie  reproduced  Id  Engjaeerlns  and  Contracting. 
Ma;  14.  1910,  trom  wblch  paper  the  toUowlns  is  taken.  Each  curve  la 
platted  from  24  decisions  foi  plants  having  a  value  above  (50,000  and  enm 
revenuee  from  t5,000  to  1100,000  per  jaai.  The  dedslons  fiom  which  these 
curves  were  prepared  are  shown  In  the  table,  each  diviaton's  place  In  the 
diagram  being  Indicated  b;  Its  number  given  In  Table  V. 

The  diagrams  are  self  explanatory.  For  Instance,  In  Fig.  9.  Ibera  appeais 
at  the  bottom  the  gross  isrenue  tioai  plant  operation.  At  the  left  of  the 
diagram  appeals  tbe  annual  revenue  from  Ore  protection  In  dollars,  which 
permlla  the  location  on  the  face  of  the  diagram  at  Its  proper  point  each 


decision  and  through  these  decisions  the  line  of  average  la  drawn,  i 
knowing  the  gross  revenue  from  plant  operation  one  ma;  readily  obtali 
the  declslona  plotted  would  Indicate  would  be  the  fair  amount  ot  tbe  gi 
be  derived  from  the  municipality  aa  compensation  (or  Are  prolectlMt. 

Fig.  10  Instead  of  stating  the  annual  revenue  from  Are  protect 
doUaiB.  tabulates  the  percentage  of  gross  rerenue. 

Fig.  11  deals  with  the  value  of  the  plant  as  Qxed  by  the  Commlsaioii 
relation  to  the  revenue  from  fire  protection  In  dollars. 

Fig.  12  deals  with  the  value  of  the  plant  as  fixed  by  the  Commlsda 
relation  to  the  percentage  ot  tbe  plant  chargeable  to  flie  protection. 

By  plotting  the  curves  which  represent  the  average  ot  the  deeUoii 
average  result  may  be  found  within  the  limit  of  these  dedBknu,  and  bf 
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Lng  the  line  of  aTengB  extended  In  either  direction,  tbe  lesulta  may  b«  made 
useful  beyond  the  Itinlta  embodied  in  the  deciaionB. 

Subdiviiion  of  Cod  of  Water  Worka  In  Per  Cent  of  Total  Coat — The  foiiow- 
iog  data  are  fiom  a  paper  by  J.  M  Bryant  pie.ented  In  1914  before  the  lIllDola 
Watei  Supply  Auoclallon,  and  reprinted  In  Engineering  and  Contracting, 
Mar.  25,  1914.    The  data  are  taken  from  an  average  of  22  cities  In  WkaconBln 


from  the  reports  of  the  Wisconsin  RaU» 
8W.  R.  C.  R,  341). 

■ayC 

mmlsal 

n  (TW 

R,  C.  R. 

-SIS 

Tables  VI,  VI!,  VIII  and  IX  are  from  a  paper  by  Leonard  MetcaU,  Emll 
Kuichlhig  and  William  C,  Hawlej  presented  at  the  American  Water-Work* 
Association  Convention  June  0-10.  1011. 
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Table    IX. — Subdivision  of    Cost  op  Wateb  Wobks  Pbopebtiss  in  Pkb 

Cent  op  Repboduction  Cost  op  Pbopbbtt 

(Including  therein  engineering  and  contingencies,  organization  and  interest 
during  construction;  excluding  going  value  and  franchise  and  other  intangible 
values. ) 

(Courtesy  of  Mr.  Morris  Knowles) 

4)  b  Xt  O  if 

S3  C  fe  O  '^M 

la        2         t        ^c 

:i    ff      &    Is 

O  P^  -<;  oQ    l> 

1.  Supply 540,372  301,919  132,283  106,170 

2.  Pumping (28)  (29)  ( 30)  (31 

3.  Reservoirs 0.3         ....  1.5  1.2 

4.  Distribution  system 18.  7         14.  2         30.  6         22.  2 

5.  Filter,  etc 8. 5         11.0  1.5  5. 2 

C.  Real  estate,  water  rights  and  rights  of 

way 36.  8         34.  8         38.  5         49.  6 

7.  Organization 29.  6         36.  8         13.  5         19.  4 

8.  Construction 6. 1  3.2         14. 4  2.4 

100.0%   100.0%   100.0%   100.0% 

Cost  of  Baltimore  High-pressure  Fire  Service  System. — The  followiiig 
table  giving  the  construction  costs  of  the  Baltimore  high-pressure  fire  service 
system  is  taken  from  an  abstract  in  Engineering  and  Contracting,  April 
16,  1913,  of  a  paper  by  James  B.  Scott  before  the  American  Society  of 
Mechanical  Engineers. 

Table    X. — Constbuction    Cost    op   the   Baltimobe  High-pbbssubb  Fibb 

Sebvicb  System 

Portable  Equipment. 

2  automobile  hose  wagons  at  S5,000 $       10,000 

8,000  ft.  3-in.  hose  at  $1 8,000 

30  portable  heads  and  regulators  at  $385 11 ,  550 

Total S       29.560 

Pipe  System 

Material  delivered  Baltimore 

Hydrants,  226  at  $100 $       22,600 

8-in.  pipe,  7,137  ft.  at  $2.35 16, 700 

10-in.  pipe,  28,229  ft.  at  $3.10 87,700 

16-in.  pipe,  17,052  ft.  at  $5.25 89, 600 

24-in.  pipe,  1,275  ft.  at  $10 12,750 

8-in.  gate  valves,'6  at  $100 600 

10-in.  gate  valves,  193  at  $130 25,000 

16-in.  gate  valves,  90  at  $210 18,900 

18-in.  gate  valves,  2  at  $300 600 

24-in.  gate  valves,  3  at  $1,000 3,000 

Air  and  relief  valves 200 

Low  pressure  gates,  2  30-in 500 

Suction  pipe,  400  ft.  cast  iron,  30-in..  at  $4 1 ,600 

Steel  air  chambers,  2  30-in.,  at  $500 1 ,000 

Venturi  meter '. 500 

Cast  steel  specials. '. 17, 500 

$     298,750 
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Installation 
Laying  pipe,  including  placing  valves,  fittings,  hydrants,  etc. 

8-in.  pipe,    7,137  ft.  at  SO.  70 $  4,996 

10-in.  pipe,  28,229  ft.  at    0.  75 21,200 

16-in.  pipe,  17,062  ft.  at    1. 15 19,600 

24-in.  pipe,     1,275  ft.  at    1.  75 2,230 

Pump  connections  in  station 6,000 

Laying  30-in.  c.  i.  suction 3. 400 

Tapping  40-in.  main 1 ,  500 

Concrete  valve  boxes,  293  at  $30 8,790 

Excavation,  back  filling  and  rubble  paving 

41,318  ft.  open  trench,  at  $3.84 158, 600 

12,375  ft.  tunnel,  at  $4.08 50,400 

Iniproved  paving,  6,650  sq.  yds.,  at  $1.50 10,000 

Superintendence,  use  of  tools,  etc 50,000 

$  336,716 

$  635,466 

Pumping  Station 

Site  and  preliminary  work $  37, 730 

Building,  including  machinery  foundations  and  men's  quarters.  .  124,800 

Harbor  intake  and  screen  chamber 10,000 

Equipment 

Four  4,000-gal.  pumps $  82,000 

One  1,000-gal.  pump 3, 500 

Auxiliary  pumps 4 ,  250 

Feed  water  heaters  and  purifiers 4 ,  750 

4  boilers  and  settings,  27,200  sq.  ft.  heating  surface 33,000 

16  underfeed  stokers,  blowers,  air  piping,  etc 18,000 

4  steel  stacks  and  supports 8 ,  000 

Coal  handling  apparatus 7,000 

Turbo-generators  and  switchboard 4 ,  500 

Electric  crane 4 ,  000 

Steam  and  auxiliary  water  pipping 30,000 

$  199,000 

$  371,590 

Miscellaneous 

Signal  system,  cables,  etc $  1 ,  500 

Furnishings  for  men's  quarters 500 

Incidentals 5 ,  000 

$  7,000 

Engineering 50,000 

Total  cost  of  construction $1 ,093,546 


The  following  analysis  of  operating  expenses,  for  electric  pumps  and  steam 
pumps,  was  an  additional  argument  for  the  use  of  steam  pumps  for  the 
Baltimore  installation. 

Electric  Pumps  (New  York  Type) 
Investment 

5  motor  driven  pumps   (rated  capacity  3,000  gals,  per  min.), 

switchboard,  etc $112, 500 

Building  and  pump  foundations 84,000 

196.500 

Operation 
Maintaining  pressure  continually  8,760  hr.  less  100  hr.  »= 

8,660  hr.  at  100  kw 866,000  kw-hr. 

Fire  service,  100  hr.  per  annum  3,150  kw.  demand 315,000  kw-hr. 

1.181,000  kw-hr. 
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Service  charge,  maximum  demand  «  3,150  kw. 

Central  station  investment,  3,150  kw.  at  S75 $236,000 

Underground  cable  (Baltimore  conditions) 40,000 

Cash  requirements.  /. 236.000 

Underwriting  at  90 31 ,000 

Total  investment $307,000 

Fixed  charges  on  $307,000 

Interest at  5  per  cent 

Depreciation at  5  per  cent 

Profit at  5  per  cent 

Total 15  per  cent  $  46,000 

Underground  conduits,  duct  rental  (Baltimore  conditions) *    1,300 

Total  service  charge $  47.300 

Operating  expenses 

SerAnce  charge $  43, 700 

Meter  charge,  1,181,000  kw-hr.  at  1  ct 11,810 

Salaries,  station  operating  force 10 ,  650 

Supplies,  lubrication  and  repairs 1 ,  000 

$  67,160 
Fixed  charges  on  $106,500 

Interest  at  4  per  cent $  7 ,  860 

Depreciation  at  5  per  cent 9 ,  825 

$  17,685 

Total  annual  expense,  electrical  plant $  84 ,  845 

Steam  Pumpt 
Investment 

Four  4,000-gal.  pumps  and  auxiliaries $  86,000 

Boilers  and  auxiliaries ^    70, 000 

Piping,  steam  and  auxiliary  water 30,000 

$186,000 
Building  and  machinery  foundations 125.000 

$311,000 

Operation 

Coal  consumption 

Banking  fires,  8.760' hr. — 

100  hr.  =  8.660  hr.  =  360  days  at  6  tons  per  day 2,160  tons 

Fire  service.     100  hr.  per  annum  at  5  tons  coal  per  hour 500  tons 

Total 2,660  tons 

Operating  expenses 

Coal,  2,660  tons  at  $3.30 $     8, 778 

Salaries,  station  operating  force 13, 350 

Supplies,  lubrication  and  repairs 2 .  000 

$  24.128 
Fixed  charges  on  $311,000 

Interest  at  4  per  cent $  12,440 

Depreciation  at  5  per  cent 15 ,  550 

$  27,990 

$  52,118 
Summary 

Total  annual  expense,  electrical  plant $  84,845 

Total  annual  expense,  steam  plant 52, 118 

Total  annual  saving $  32 .  727 

This  saving  capitalized  at  9  per  cent  represents  an  investment  by  the  city 
of  $363,630,  considerably  more  than  the  first  cost  of  the  steam  plant  in  the  above 
comparison. 


*xj:>. 
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Operating  Costs  of  Water  Works  Per  Million  Gals,  and  Per  Capita. — ^Engi- 
neering and  Contracting,  Jan.  28,  1914,  gives  the  following  from  a  report  Ojii  an 
investigation  of  the  municipal  water  works  at  Lorain,  Ohio,  by  Philip  Burgess. 

Table   XI. — .\nnual  (>peratin(;   Costh  of   16  Watku  Works  Properties 

Annual  operating  cost 
Total  Per 

popu-        1,000,000         Per 
City  Dates         lation  gak.  capita 

Ashland,  Wis 1904-09  12,150  $36.23  fl.25 

Manitowoc,  Wis 1907  13,400  47.76  1.32 

Janesville,  Wis 1909  13,800  49.96  1.30 

Beloit,  Wis 1908  14, 100  23.  36  1. 02 

Chillicothe,  0 1908-12  14,500           1.00 

Marinette,  Wis 1909-10  14,650  26.17  1.09 

Private  Water  Co.  in  Arkansas .  1908-12  15,400           1. 67 

Elyria,  0 1910-12  15,500  34.88  1.47 

Appleton,  Wis 1909  16, 700  36.  73  1.  29 

Fond  duLac,  Wis 1907  17.800  20.  31  0. 77 

Eau  Claire,  Wis 1907  18,650  18.24  0.71 

Private  Water  Co.  in  Western  Pa.  1905-10  22,570  40.46  1.17 

Green  Bay,  Wis 1907  24 .000  48.  56  0. 90 

Battle  Cr.,  Mich 1908-12  25,270  26.20  0.72 

Madison,  Wis 1908-^12  25,460  49.70  1.28 

Sheboygan,  Wis 1908  25. 500  24.  74  0.  77 

Lorain.  () 1900-10  22,070  23.72  1.17 

Average  of  16  cities  above 18.090  34.  51  1. 10 

The  costs  shown  include  true  operating  costs  exclusive  of  extraordinary 
expenses  such  as  are  incurred  by  extensions  or  replacements. 

Cost  of  Setting  25,000  Water  Meters  at  San  Francisco. — The  following  data 
are  given  by  George  W.  Pracy,  Ass't.  Sup't.  Spring  Valley  Water  Co.  in 
Engineering  News-Record,  May  9, 1918. 

During  portions  of  1916  and  1917  the  Spring  Valley  Water  Co.,  which 
supplies  the  city  of  San  Francisco  with  water,  installed  24,993  meters,  prac- 
tically all  of  ^i-in.  size,  with  marked  effect  in  reducing  water  consumptUm. 
Careful  records  of  coat  were  kept. 

In  1915  the  average  daily  water  consumption  of  San  Francisco  was  42,- 
635,  014  gal.,  whicli  was  in  excess  of  tlie  developed  supply  and  3,261,229  gal. 
over  that  for  1914.  As  1915  was  the  exposition  year,  with  attendant 
extraordinary  water  uses,  it  was  confidently  exi)ected  that  1916  would  see  a 
decrease  in  the  use  of  water.  When  instead  the  first  four  months  of  that  year 
showed  a  substantial  increase  the  problem  of  adding  to  or  restricting  waste 
was  squarely  put  before  the  company. 

On  May  1,  1916,  water  was  supplied  through  65,000  service  connections  of 
which  about  22,000.  or  34 9^ ,  were  metered.  These  meters  were  all  on  businesB 
houses.  All  dwellings  were  on  a  flat-rate  basis.  The  company  felt  that  the 
metering  of  these  flat-rate  services  was  not  only  the  most  economical  but  also 
the  best  way  of  meeting  the  situation.  Accordingly  in  May,  1916,  an  orda 
was  placed  for  15,000  sfi-in.  meters,  with  the  option  of  purchasing  a  second 
15,000  at  a  later  date,  a  total  of  30.000  meters  being  purchased. 

For  local  reasons  it  was  decided  to  meter  only  those  consumers  whose 
monthly  bills  were  $1.80  or  more.  This  made  the  work  of  setting  the  meters 
harder  and  more  costly  than  metering  all  houses.  All  meters  were  set  at  the 
curb. 

Organization. — The  field  work  was  done  by  two  crews.  For  the  first  month 
each  crew  consisted  of  a  foreman  and  about  30  men.  The  crews  were  later 
cut  down  to  12  to  15  men.    The  two  foremen  were  under  the  general  tanmask 
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of  the  service  and  meter  department.  A  Ford  truck  and  a  Ford  wagon 
delivered  the  meters,  boxes  and  other  material  on  the  ground. 

Method  of  Setting. — The  meters  were  delivered  to  the  meter  shop  by  the 
manufacturers.  There  they  were  taken  out  and  tested.  A  testing  machine 
of  six-meter  capacity  was  used.  Each  meter  was  tested  for  a  lO-cu.-ft.  flow 
at  the  rate  of  15  gal.  i)er  minute.  Meters  reading  from  99  to  100%  correct  were 
set.  Those  reading  under  99  or  over  100%  were  sent  to  the  bench  for  adjust- 
ment.   After  testing,  the  meters  were  piled  up  ready  for  delivery  to  the  job. 

The  meter  boxes  were  delivered  f.o.b.  cars  at  San  Francisco.  Thence  they 
were  hauled  to  the  yard,  where  they  were  stacked.  The  other  material  was 
delivered  at  the  yard  by  the  various  manufacturers. 

A  large  tool  box  mounted  on  wheels  was  kept  in  the  locality  at  which  each 
crew  was  working.  At  this  tool  box  was  kept  about  half  a  day's  material 
for  the  crew.  This  enabled  the  crews  to  start  work  at  8  a.m.  and  continue 
till  the  truck  arrived. 

The  Fords  were  sent  out  each  morning  with  the  material  needed  for  the  day. 
They  also  moved  the  tool  boxes  along  as  the  work  progressed.  The  material 
was  d^vered  from  the  tool  boxes  to  the  houses  by  one  man  using  a  wheelbar- 
row. Meterset  orders  were  written  in  the  main  ofiRce  and  given  to  the  general 
foreman,  who  routed  them  and  gave  them  to  each  gang  foreman.  The  gang 
foreman  in  turn  had  a  man  who  took  these  orders  and  went  ahead  of  the  crews 
measuring  up  send  marking  out  the  services  that  were  to  be  metered.  The 
marking  was  done  by  chaUc  on  the  sidewalk  or  curb.  This  man  was  followed 
by  the  laborers,  who  excavated  down  to  the  service  and  stopcock.  If  the 
meter  was  to  be  set  in  the  concrete  sidewalk  a  piece  about  2  ft.  square  was 
first  broken  out.  In  lawns  the  sod  was  carefully  taken  out  and  set  aside. 
The  laborers  were  followed  by  the  servicemen,  who  set  the  meter.  The 
servicemen  were  then  followed  by  other  laborers  who  set  the  concrete  boxes 
and  filled  in.  In  concrete  sidewalks  the  laborers  just  filled  in,  the  repaving 
heiag  done  by  a  contractor.  A  team  followed  to  clean  up  and  haul  away  the 
debris. 

For  each  hole  made  in  a  paved  sidewalk  an  order  was  filled  out  and  sent  to 
the  paving  contractor.  This  order  specified  the  location,  kind  of  paving  and 
size  of  oi>ening. 

Each  serviceman  was  provided  with  a  pad  on  which  he  wrote  the  number 
and  location  of  the  meter  as  it  was  set,  using  a  new  sheet  for  each.  These 
were  collected  by  the  foreman,  who  checked  each  one  and  entered  the  informa- 
tion on  the  orders.  The  servicemen  could  not  make  the  original  entry  direct 
into  the  meter-set  orders,  as  it  was  necessary  to  keep  them  clean.  The  orders 
were  then  sent  to  the  clerk  at  the  yard,  who  made  out  the  paving  orders. 
They  then  went  to  the  main  office,  where  an  account  was  opened  for  each 

meter. 

The  si)eed  of  the  crews  varied  from  day  to  day,  depending  on  various  con- 
ditions. In  the  old  part  of  the  town,  which  was  burnt  over  in  the  fire  of  1906 
and  where  the  service  records  were  not  always  correct  and  the  services  in  poor 
condition,  the  least  headway  was  made.  In  the  new  residence  districts  the 
work  went  along  rapidly.  The  crews  as  a  whole  averaged  4H  meters  per 
man  per  day,  though  on  some  days  they  set  as  many  as  8  per  man.  Each 
serviceman  set  an  average  of  15  meters  a  day.  A  record  was  kept  of  the 
number  set  by  each  man,  and  if  any  serviceman  could  not  keep  up  with  the 
i^t  of  the  gang  he  was  dropped.  The  cost  data  for  the  job  are  given  in 
Tables  XII  to  XV. 


352 


HANDBOOK  OF  CONSTRUCTION  COST 


Table  XII. — Aybrage  Cost  of  Installing  24,993  f^-iN.  Sttub  2  Tbimdit 
Mbtbrs  on  Old  Sbbyicb  Connectionb  at  San  Francisco,  Cal.  Aug.  1, 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


2. 
3. 


8 


1916,  TO  April  30,  1917* 


-Cost- 


Total  Per  meter 

Labor $21,013.84  $0,840 

Teaming 2 ,088.  89  0. 083 

Paving 45,488.48  1.820 

Permits 8,934.00  0.357 

Material 180,750. 16  7. 232 

Tools 1,202.47  0.048 

Miscellaneous 970. 96  0. 039 

Supt.,  warehouse,  etc 4,354.  37  0. 170 


Percentace 

7.90 
0.79 

17.17 
3.37 

68.30 
0.45 
0.37 
1.65 


$264,803.17   $10,589 


100.00 


1.  Labor; 


Teaming: 
Paving : 


4.  Permits: 

5.  Materials: 


Sub-Foreman,    $4.25.     Fitters,    $3.75.     Laborers,    $2.50.     Eight 

hours.     Average  crew  consisted  of  sub-foreman,  five  fitters.  U» 

laborers  and  one  Ford.     Set  about  63  meters  per  day.     Meten  Mft 

per  man  day,  4.25. 

Horse-drawn  vehicles,  $1,238.89.     Ford  auto  trucks,  $850.     * 

Replacing  sidewalks  and  setting  plates  at  25c.  per  square  foot 

This  charge  applies  only  to  19,524  meters  set  in  sidewalks  and 

becomes,  per  meter  paved,  $2.33. 

Permit  to  open  paved  sidewalks  at  50c.  each.     Applies  to  meten 

set  in  paved  sidewalks  only  at  50c.  each. 

24,993  meters  f  .o.b.  yard  at  $5. 95 $149 .  238. 55 


Concrete  boxes 
Cast-iron  plates. 
Meter  coiiplings . 
Pipe  and  fittings 


88. 

60  and  .65. 

16  to  .19.. 


5,197.80 

10,677.74 

8.244.27 

7.391.80 


6.  Tools: 

7.  General: 


Total $180.750. 16 

New  tools  purchased,  $1,149.39.     Tools  repaired.  $53.08. 

Miscellaneous $846. 44 

Carfares 63. 05 

Machine  shop 114. 00 

Stationery 186. 40 

Repair  sewer  vents 170. 81 

Clean  carpets 27. 2$ 

Replace  lawns 61. 81 


Total 


$970.00 


Superintendence,   employees,   insurance,   foreman,  yard  office   (proportion), 
warehouse  expense  (proportion),  auto  (proportion  of  assistant  superintendent's 
and  foreman's  and  all  of  two  sub-foreman's  autos.  $4,354.37). 
*  A  few  larger  meters  are  included  as  well  as  a  small  amount  of  street  payiof 

due  to  having  to  shut  off  at  main  in  some  cases.     These  amounts  are  praotioaUj 

negligible. 

Table  XIII. — Detailed  Cost  of  Setting  a  5^-in.  Mbteb 

Paved  sidewalks  Unpaved  sidewalks 

Labor $  0. 840  (including  testing)  $0. 840  (including  testing) 


Teaming 083 

Paving 2.330 

Plate 625 


.083 


Box 


.  880  (including  0.03  li^twiB-g 
car  to  yard) 

Permit 500 

Material* 6.  590  (including  meter)      6. 590  (including  meter) 

Toob 048  .048 

Miscellaneous 039  .  039 

Superintendent, 

etct 170  .170 


Total $11,225 

•  Meter  at  $5.95  f.o.b.,  Bryant  St.  Yard, 
as  assistant  superintendent. 


$8,650 
t  Departmental  overhead  only  aa  fac ' 
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uxDate^^  19,524  meters  were  set  in  ]>aved  sidewalks  and  5,473  meters  in 
sidewalks.  In  paved  sidewalks  there  occurs  a  charge  for  permit  to  open 
($0.50),  replacing  pavement  at  S0.25  per  square  foot,  amounting  in  this 
►2.33  per  meter  paved,  and  the  cost  of  a  cover  either  concrete  or  iron 
Tom  $0.60  to  $0.65  each,  say  $0,625.  In  unpaved  sidewalks  these  costs 
!cur,  but  there  is  the  cost  of  a  concrete  meter  box  ($0.88).  In  lawn  side- 
i  removal  and  replacement  of  sod  is  equivalent  to  the  cost  of  breaking  up 
walks. 

following  cost  segregation  only  the  difference  in  paving,  materials  and 
Las  been  taken  into  consideration. 


iLE  XIV. — Seobkqation  op  Labob  Costs  fob  Metbb  Sbttinq 

concrete  boxes  and  covers  from  railroad  to  yard $27.  62 

ig  meters  from  wagon  to  warehouse 16. 92 

neters 542.11 

ion  of  meters 19 ,  215.  74 

g  lawns  and  gardens 28. 42 

leous  yard  work 118.  62 

of  clerks 562. 09 

jo  sewers  broken  in  setting  meters 238. 92 

out  sewers 44.  68 

services  with  wireless  pipe  finder 105. 40 

:ing  services 79.  74 

shop 83.  58 

kl $21 ,013. 84 


-Classified  Rates  of  Pat  and  Time  fob  Labob  Used  in  Sbtttng 

Metebs 


rs. 


leous 


Rate 

Days 

Hours 

Amount 

$4.25 

447 

$  1.899.75 

3.75 

1,732 

6,495.00 

2.75 

230 

632.50 

3.00 

220 

3 

'661.12 

2.50 

2,347 

6 

5,869.37 

2.75 

1,198 

4 

3,295.88 

3.00 

56 

2 

168.92 

2.75 

63 

4 

174.  63 

4.00 

2 

3 

9.50 

3.60 

2 

1 

7.44 

3.25 

4 
3 

1.63 

6,299 

$19,215.74 

I  Outdoor  Meter  Installations  at  Terre  Haute,  Ind. — The  Terre 
id..  Water  Co.,  for  outdoor  meter  installations,  has  been  using  recently 
le  of  two  2J4-ft.  20-in.  vitrified  sewer  pipes  with  a  slot  in  the  bottom 
^er  one  to  fit  over  service  pipes  laid  some  years  ago  before  the  present 
oeming  the  depth  of  the  services  were  in  force.  These  pipes  are 
with  a  Clark  cover  and  coupling  yoke.  The  cover  is  6  in.  high, 
ihe  total  depth  of  the  installation  5^^  ft.  The  average  cost  in  1918  of 
Ation  of  this  type  including  service  pipe  from  the  main  to  the  curb 
17.  according  to  a  paper  by  Dow  R.  Gwinn,  president  of  the  company, 
uniary,  1920,  Journal  of  the  American  Materials  Association  and 
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abstracted  in  Engineering  and  Contracting,  Feb.  11,  1920. 
of  the  installation  as  given  by  Mr.  Gwinn  is  as  follows: 


The  itemized  cost 


Corporation  cock,  5|  in , SI. 09 

Curb  cocic,  M  in 1. 66 

Brass  tail  piece,  M  in .38 

Extra  strong  lead  service  pipe,  3  lb.  per  foot,  17.1  ft.,  H  in  3. 72 

Service  box  with  2^  in.  shaft 1.  50 

Labor,  10.9  hours  at  35  ct 3. 82 

Labor,  2.2  hours  at  40  ct .88 

Drayage $  1 .  25 

City  permits .87 

Overhead  on  tools  and  equipment 1 .  30 

Total  for  services $16. 47 

Empire  meter,  5^^  in $12. 00 


Tile,  2, 

Clark  cast  iron  cover . . . 

Meter  yoke 

Pipe  and  fittings 

Cement 

Labor,  5  hours  at  35  ct 
Labor,  2  hours  at  40  ct . 
Drayage 


3.70 

2.75 

1.50 

.93 

.37 

1.75 

.80 

2.00 


Total  for  meter  and  installation $25. 80 

Number  of  Meters  Read  Per  Man  Per  Day. — The  following  data  an 
taken  from  Engineering  and  Contracting,  July  9,  1919. 

Judging  from  a  recent  tabulation  given  in  the  Municipal  Journal,  there  is  a 
wide  range  of  effectiveness  of  meter  readers,  even  where  conditions  seem  to 
warrant  no  such  variation.  Thus  in  Los  Angeles,  with  100,000  "outside" 
meters,  50  per  hour  is  said  to  be  the  average;  whereas  in  Washington,  D.  d 
with  61,000  "outside"  meters,  22  per  hour  is  given  as  the  average.  The 
ratio  is  almost  2}i  to  1.  Even  greater  differences  exist  in  other  cities  as  to 
the  number  of  "inside"  meters  read  per  hour. 

The  number  of  meters  read  per  hour  obviously  depends  not  only  upon  the 
efficiency  of  the  men,  but  upon  other  conditions  such  as:  (I)  The  ^HfftfUM?" 
from  the  office  to  the  place  where  meter  reading  begins.  (2)  The  distaoM 
apart  of  meters.  (3)  Whether  the  meters  are  inside  or  outside  the  tmildliiK. 
(4)  Whether  the  readers  walk  or  ride. 

The  following  are  typical  examples  selected  from  the  above  meaUoiMKl 
tabulation: 

Cities  Having  Outside  Meters 


Alhambra,  Calif 

Los  Angeles,  Calif 

San  Diego,  Calif 

Pasadena,  Calif 

Whittier,  Calif 

Washington,  D.  C 

Atlanta,  Ga 

Augusta,  Ga 

Gadsden,  Ala 

Lewiston,  Ida 

Atlantic  City,  N.  J 

Oklahoma  City,  Okla 

Portlant,  Ore 

Memphis,  Tenn 

Knoxville,  Tenn 

Average  for  these  15  cities,  36. 


Number  of 
meters 

2,100 

99.600 

15,169 

12,547 

1,951 

61,107 

33,000 

7.500 

2.030 

1,200 

7,398 

13,000 

17,588 

19,734 

13.908 


Average  num- 
ber reiMlper 
man-hour 

29 

50 

41 

88 

20 

22 

30 

20 

60 

38 

40        ■ 

28  ' 

30 

80 

87 


I- 
i' 
f 
i 
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■rtfotd.  Conn 

[uldlflton.  Conn . . . 

OQCDTd,  N.  H 

Imira,  N.  Y 


rand  RapLOB,  Mich 

uluth,  Mich ..,. 

[inneapotig.  Minn 60.0: 

kroa,  O 28,01 


Comparing  the  aveiagee  In  these  two  tables.  It  would  appear  tl 

any  outside  meteiB  c&n  be  read  dally  as  Inside  meters. 

Coat  of  Meter  Reading  at  Terre  Haute,  Ind. — In  Englneerini;  aD< 

g  April  11,  1917.  Jar  A.  Craven  describes  the  methods  employed  In  mett 

adlng  at  Terre  Haute,  Ind. 


ilk  about  300  iiMWnjtotwrvad)  « 


illas  follows.    The  city  S 
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meter  are  arranged  in  proper  order  in  a  loose  leaf  book  for  each  route.    At  the 
time  the  meters  are  read,  a  spirit  of  competition  is  aroused  by  having  a  black- 
board record  kept  showing  each  reader  and  the  time  for  completing  each  book 
taken  out.    This  record  is  also  transferred  to  a  more  permanent  form. 
The  following  table  is  made  up  of  data  given  by  Mr.  Craven. 

Table  XVI. — A  Summary  op  Meter  Reading  Records 

Number  Read         Coat  per 

Month  Total  hrs.    meters  read     Not  read       per  hr.  meter  in  cents 

Sept 288.25  6,617  297  23  1.7 

Oct 254.25  6,805  235  27  1.1 

Nov 243.00  6,676  220  27  1.1 

Dec* 347.10  6,703  258  19  3.7* 

Jan 291.45  6,672  .           235  23  1.6 

Feb 243. 60  6,660  289  27  1. 3 

*  Time  shown  only  represents  the  time  the  book  was  out,  and  on  most  of  the 
books,  a  man  accompanied  the  reader  to  sweep  snow  and  assist  in  locating  the 
meters.     The  cost  for  this  month  was  exceptionally  large. 

The  best  record  made  was  an  average  of  54  per  hour  for  4  hours. 

Cost  of  Maintaining  and  Operating  Water  Meters. — Table  XVII  gives  the 
annual  cost  per  meter  for  the  meter  system  at  Reading,  Pa.  for  the  years  1909- 
10,  year  ending  April  1,  1912  and  the  year  1915. 

Table  XVII. — Cost  of  Maintaining  and  Operating  Water  Mstkbs 

Year  Year  Year 

1909-10       1911-12  1915 

No.  of  meters  in  service 2, 795  3, 604  4,420 

Av.  cost  per  meter: 

Abandoned  as  scrap SO.  614  %0. 336  .  099 

Clerical  services 455  0. 421  .  310 

Repairs 216  0. 160  .275 

Reading 202  0. 181  .183 

Delivering  meter  bills 079  0. 073  .  067 

Stationary  and  supplies .  048  0. 089  .  007 

Miscellaneous 003  0. 007         

Total $1,617         $1,267         $0,941 

• 
Cost  of  Meter  Repairs  at  Milwaukee,Wis. — The  following  tabulation  !•• 
printed  in  Engineering  and  Contracting,  June  6,  1920,  from  the  1919  r^ort  of 
H.  P.  Bohmann,  Superintendent  of  Waterworks  of  Milwaukee,  shows  th6 
cost  of  operation  of  the  Meter  Division,  and  the  cost  of  meter  repairs  for  the 
year  ending  Dec.  31,  1919: 

No.  of        Total       Per  meter 
Item  meters         cost       H  to  12  in. 

Repairs — Material  and  labor 18, 214  $33,856  $1. 85 

Chargeable  to  consumer 3,985  18,923  4. 74 

Chargeable  to  department 14 , 229  14,932  1. 04 

Average  cost  of  repairs — based  on  all  meters  in 

service 65, 769  33,856  .  61 

Net  cost  to  department — based  on  all  meters  in 

service 65,769  18,923  .28 

Net    cost    to    department — based    on    meters 

repaired 18,214  18,928  1.0$ 

Total  cost  of  operation  for  all  meters  in  service .  65 ,  769  62 ,  676  .  96 

Less  revenue  received 28 ,  606  . . . .  • 

Net   cost   of   operation   for   total   number   of 

meters  in  service 65,769  34,170  .61     . 
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tions  bushed  down  to  2H  iiis.,  with  a  2H-hi.  valve  at  inlet  and  outlet.  The 
large  meter  was  by-passed  by  a^-in.  meter  for  use  on  small  flows.  A  pres- 
sure gauge  was  attached  to  the  outlet  end  of  the  large  meter.  The  districts 
tested  had  an  average  area  of  12  acres,  containing  about  80  houses.  The  dis- 
trict to  be  tested  was  shut  off  from  the  remainder  of  the  system  by  closing  all 
valves  on  street  mains.  The  meter  was  then  connected  with  a  hydrant  outside 
the  district  by  means  of  a  25-ft.  length  of  fire  hose.  The  2H-in.  pipe  line  was 
laid  from  the  meter  to  a  hydrant  inside  the  district,  being  connected  with  it  by 
another  short  length  of  hose. 

The  consumption  of  the  district  was  then  measured  for  one  hour,  readings 
being  taken  every  ten  minutes  and  any  reductions  in  pressure  noted.  Any 
considerable  drop  in  pressure  indicates  either  large  leak  or  that  the  district 
is  too  large  to  be  supplied  through  a  2K-in-  pipe.  After  the  consumption  had 
been  measured,  all  connections  were  shut  off  inside  the  houses,  an  inspection 
of  house  plumbing  being  made  at  the  same  time.  A  test  was  then  made  to 
determine  whether  any  street  valves  were  leaking  water  into  the  district  by 
opening  a  fire  hydrant  and  watching  for  any  flow  from  the  opening. 

After  everything  was  shut  off  the  leakage  was  measured  by  the  large  or 
small  water  meter  according  to  the  amount.  This  flow,  if  any,  represented  the 
leakage  from  mains  and  also  from  the  service.  To  locate  the  leaks,  the  streets 
inside  the  districts  were  cut  out  one  at  a  time  by  closing  the  valves  until  the 
leak  had  been  located  between  two  valves,  after  which  it  was  located  by  using 
the  telephone  on  curb  stops,  hydrants  and  on  drills  driven  down  to  the  main. 
After  the  leak  had  been  definitely  located,  it  was  dug  up  and  repaired  by  the 
survey  party  and  the  district  tested  until  found  tight. 

The  work  was  carried  on  for  240  days  at  a  cost  of  about  $11  per  day,  $2,640 
for  the  season,  for  labor.  The  cost  of  lead,  wool,  etc.,  for  repairing  leaks  was 
very  small.  One  hundred  and  eleven  districts  were  tested,  having  a  total 
area  of  1,310  acres,  or  12  acres  per  district.  There  were  approximately  9,000 
houses  in  the  territory  covered.  Following  are  the  leaks  discovered  and 
repaired : 

Residences : 

Closets 20 

Yard  hydrants 10 

Faucets 19 

Service  mains 17 

66 

Street  valves 12 

Fire  hydrants 35 

Street  mains 29  76 

Total 142  leaks 

The  leaks  varied  from  1  to  19  cu.  ft.  per  minute.  The  largest  leak  found  was 
a  3-in.  elbow  split  wide  open  and  running  at  the  rate  of  205,200  gals,  per  day. 
This  line  had  been  by-passed  around  the  meter  outside  the  building  and  was 
supplying  four  buildings.  In  this  case  the  survey  not  only  stopped  the  leak, 
but  detected  the  illegal  use  of  water.  This  leak  amounted  to  75,000,000  gals. 
per  year,  the  actual  cost  of  furnishing  which  was  $2,812.50,  or  $172.50  more 
tiian  the  cost  of  the  entire  survey. 

The  total  mileage  of  mains  inspected  was  40.8,  varying  in  size  from  4  ins. 
to  24  ins.  The  total  leakage  record  was  118  cu.  ft.  per  minute,  or  1,271,000 
per  day.    Using  $37.60  per  1,000,000  gals,  as  the  actual  cost  of  furnish- 
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with  the  pumping  station  by  two  force  mains,  one  30  in.  and  one  36  in.,  each 
being  about  one  mile  in  length. 

The  distribution  system  is  divided  into  high  and  low  service  districts.  The 
low  service  district  contains  about  0.4  of  a  square  mile  and  is  supplied  from  the 
old  reservoir  constructed  in  1836  and  in  1850,  which  has  a  capacity  of  6,000.- 
000  gals.  These  reservoirs  are  filled  at  night  by  pumping  through  the  36-in. 
main. 

The  high  service  district  is  supplied  through  the  30-in.  main  by  direct 
pumping.  The  water  passes  through  a  standpipe  having  a  capacity  of  400,000 
gals.  The  distribution  system  consists  of  70  miles  of  pipe  vaiyiDg  in  size  from 
24  ins.  to  4  ins. 

There  are  about  10,500  services  in  use,  one-third  of  which  are  metered. 

The  daily  consumption  averages  about  7,000,000  gals.,  varsring  between 
5,000,000  and  10,000,000,  with  a  maximum  pumping  rate  as  high  as  12,000,000 
for  short  periods.  Assuming  a  population  of  50,000,  this  will  give  a  per  capita 
consumption  of  140  gals,  daily.  This  excessive  consumption  led  to  an 
investigation  of  causes  and  methods  for  correcting  same.  A  general  house- 
house-to  inspection  was  made  during  the  winter  of  1010,  at  which  time  all 
plumbing  was  inspected  for  leakage.  Results  of  this  inspection  were  recorded 
on  a  card  for  each  property  inspected.  As  a  result  of  this  inspection  the 
yearly  income  from  water  rents  was  increased  $3,500.  The  city  was  then 
divided  into  four  districts,  and  a  regular  inspector  appointed  for  each  district. 
A  yearly  inspection  is  made  of  each  house  and  property  ownera  are 
compelled  to  repair  all  leaky  fixtures  within  ten  days,  480  cases  being 
reported  and  repaired  during  the  last  year. 

During  these  investigations  the  necessity  of  a  systematic  search  for  leakage 
from  mains  became  apparent  and  the  discovery  by  accident  of  a  leak  which  was 
costing  the  city  about  $10,000  per  year,  brought  the  matter  to  a  head  and  the 
necessary  appropriation  was  made. 

The  survey  party  was  organized  from  employes  of  the  water  department, 
a  foreman  who  had  been  in  the  department  for  twenty  years  being  placed  in 
charge  of  the  work.  The  party  worked  nine  hours  per  day  and  was  composed 
as  follows: 

Organization: 

Foreman,  per  day $  8. 00 

Single  team  and  working  driver,  per  day 2. 50 

Three  laborers,  at  $1.80  per  day 6. 40 

Total  cost  per  day $10.90 

Outfit: 
One  4-in.  meter  with  23'^-in.  connections  on  truck. 
One  ^i  in.  meter. 
One  pressure  gauge. 
Two  25-ft.  lengths  2>i^-in.  fire  hose. 
250  ft.  2J^-in.  galvanized  pipe. 
One  small  tool  box. 
Picks,  shovels,  wrenches,  caulking  tools,  lead,  wool,  etc. 

The  first  step  in  preparing  this  work  was  an  inspection  of  all  valves  and 
repairs  to  same,  placing  them  in  working  order  and  replacing  some  which  could 
not  be  operated.  This  work  was  done  by  the  men  in  the  distributi<Hi  depart- 
ment in  advance  of  the  survey.  The  survey  was  started  on  March  6th,  1011, 
and  stopped  for  the  winter  on  December  13th.  The  method  of  prooeduie  wai 
as  follows: 

The  4-in.  meter  was  mounted  on  a  small  4-wheeled  truck  mid  the  cannao- 
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tions  bushed  down  to  2H  ins.,  with  a  2H-in.  valve  at  inlet  and  outlet.  The 
large  meter  was  by-passed  by  a^-in.  meter  for  use  on  small  flows.  A  pres- 
sure gauge  was  attached  to  the  outlet  end  of  the  large  meter.  The  districts 
tested  had  an  average  area  of  12  acres,  containing  about  80  houses.  The  dis- 
trict to  be  tested  was  shut  off  from  the  remainder  of  the  system  by  closing  all 
valves  on  street  mains.  The  meter  was  then  connected  with  a  hydrant  outside 
the  district  by  means  of  a  25-ft.  length  of  fire  hose.  The  2K-in.  pipe  line  was 
laid  from  the  meter  to  a  hydrant  inside  the  district,  being  connected  with  it  by 
another  short  length  of  hose. 

The  consumption  of  the  district  was  then  measured  for  one  hour,  readings 
being  taken  every  ten  minutes  and  any  reductions  in  pressure  noted.  Any 
considerable  drop  in  pressure  indicates  either  large  leak  or  that  the  district 
is  too  large  to  be  supplied  through  a  2^-iD..  pipe.  After  the  consumption  had 
been  measured,  all  connections  were  shut  off  inside  the  houses,  an  inspection 
of  house  plumbing  being  made  at  the  same  time.  A  test  was  then  made  to 
determine  whether  any  street  valves  were  leaking  water  into  the  district  by 
opening  a  fire  hydrant  and  watching  for  any  flow  from  the  opening. 

After  everything  was  shut  off  the  leakage  was  measured  by  the  large  or 
small  water  meter  according  to  the  amount.  This  flow,  if  any,  represented  the 
leakage  from  mains  and  also  from  the  service.  To  locate  the  leaks,  the  streets 
inside  the  districts  were  cut  out  one  at  a  time  by  closing  the  valves  until  the 
leak  had  been  located  between  two  valves,  after  which  it  was  located  by  using 
the  telephone  on  curb  stops,  hydrants  and  on  drills  driven  down  to  the  main. 
After  the  leak  had  been  definitely  located,  it  was  dug  up  and  repaired  by  the 
survey  party  and  the  district  tested  until  found  tight. 

The  work  was  carried  on  for  240  days  at  a  cost  of  about  $11  per  day,  $2,640 
for  the  season,  for  labor.  The  cost  of  lead,  wool,  etc.,  for  repairing  leaks  was 
very  small.  One  hundred  and  eleven  districts  were  tested,  having  a  total 
area  of  1,310  acres,  or  12  acres  per  district.  There  were  approximately  9,000 
houses  in  the  territory  covered.  Following  are  the  leaks  discovered  and 
repaired : 

Residences : 

Closets 20 

Yard  hydrants 10 

Faucets 19 

Service  mains 17 

66 

Street  valves 12 

Fire  hydrants 35 

Street  mains 29  76 

Total 142  leaks 

The  leaks  varied  from  1  to  19  cu.  ft.  per  minute.  The  largest  leak  found  was 
a  3-in.  elbow  spUt  wide  open  and  running  at  the  rate  of  205,200  gals,  per  day. 
This  line  had  been  by-passed  around  the  meter  outside  the  building  and  was 
supplying  four  buildings.  In  this  case  the  survey  not  only  stopped  the  leak, 
but  detected  the  illegal  use  of  water.  This  leak  amounted  to  75,000,000  gals. 
per  year,  the  actual  cost  of  furnishing  which  was  $2,812.50,  or  $172.50  more 
than  the  cost  of  the  entire  survey. 

The  total  mileage  of  mains  inspected  was  40.8,  varying  in  size  from  4  ins. 
to  24  Ids.  The  total  leakage  record  was  118  cu.  ft.  per  minute,  or  1,271,000 
I.  per  day.    Using  $37.50  per  1,000,000  gals,  as  the  actual  cost  of  furnish- 
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ing  water  exclusive  of  interest,  the  total  leakage  was  costing  the  city  about 
$17,000  per  year. 

About  one-quarter  of  the  system  remains  to  be  tested,  also  the  2Q-in.  supply 
main  which  nms  directly  across  the  city.  One  mile  of  36-in.  force  main  laid 
in  1888,  was  tested  by  closing  the  valves  at  both  ends,  and  supplying  it  from 
the  other  force  main  through  a  smaller  meter.  Leakage  was  found  amount- 
ting  to  $2,000  per  year. 

A  comparison  of  the  consumption  before  and  after  the  survey  shows  a  de- 
crease of  10,000,000  gals,  per  month  during  March  and  April,  an  equal  con- 
sumption from  May  to  September,  a  decrease  of  8,000,000  gals,  per  month 
during  October  and  November,  a  decrease  of  24,000,000  gals,  during  December 
and  an  increase  of  20,000,000  gals,  during  January,  February  and  March. 
While  the  present  consumption  is  about  equal  to  that  before  the  survey  began, 
the  consumption  for  1911  is  slightly  less  than  for  1910. 

Mr.  Shaw  considers  the  decrease  of  24,000,000  gals,  per  month  shown  in 
December  a  fair  indication  of  the  results  of  the  survey,  as  abnormal  conditions 
existed  before  and  after  this  time,  which  had  a  tendency  to  increase  the 
consumption. 

As  an  investment  he  believes  a  survey  of  this  kind,  which  not  only  locates 
but  repairs  leaks,  is  a  good  one  and  well  worth  following  up  until  one  is  assured 
that  the  distribution  system  is  reasonably  tight. 

Cost  of  Concrete  Siphon  on  the  Los  Angeles  Aqueduct. — D.  L.  Reabum, 
Engineer  Saugus  Division,  Los  Angeles  Aqueduct  gives  the  foUowing  data  in 
an  article  in  Engineering  and  Contracting,  July  3,  1912. 

Whitney  Siphon,  about  28  miles  north  of  Los  Angeies,  has  a  slant  length  of 
955  ft.  and  a  maximum  head  of  70  ft.  The  pipe  is  10  ft.  interior  diameter,  with 
a  uniform  thickness  of  9  ins.  The  reinforcement  consisted  of  round  rods. 
The  circumferential  rods  were  spaced  4  ins.  apart,  and  varied  from  f^  in.  to 
^  in.  in  diameter.  A  working  strength  of  15,000  lbs.  per  square  inch  was 
used,  and  the  rods  were  designed  to  carry  the  total  stress,  regardless  of  the 
strength  of  the  concrete.  The  longitudinal  rods  were  H  In*  hi  diameter  and 
they  were  spaced  about  2  ft.  c.  to  c. 

The  trench  was  excavated  with  teams  and  trimmed  to  shape  by  hand.  It 
had  a  bottom  width  of  14  ft.  with  slopes  of  about  1  on  1.  Care  was  taken  to 
have  most  of  the  dirt  placed  on  one  side  of  the  trench.  This  was  leveled  off 
for  about  30  ft.  from  the  edge  of  the  trench,  so  as  to  give  sufficient  elevation  to 
the  mixer  for  delivery  of  the  mixed  concrete  by  gravity,  to  provide  room  lor 
gravel  and  cement  storage  near  by,  and  also  to  allow  the  mixer  to  be  moved 
along  as  the  work  progressed. 

After  the  trench  was  excavated  to  line  and  grade  the  first  operation  in  the 
construction  of  the  siphon  was  setting  the  concrete  blocks  to  support  the  inner 
forms.  These  blocks,  which  were  4  ins.  thick,  10  ins.  wide  and  about  12  ins. 
high,  had  been  made  a  few  weeks  previous  to  allow  ample  time  for  hardening. 
The  tops  were  cast  to  fit  the  curve  of  the  inner  forms.  They  were  spaced  6  ft. 
apart  in  two  parallel  rows,  so  that  each  pair  supported  a  6  ft.  length  of  tha 
inner  forms.  They  were  set  in  mortar  a  few  days  before  the  forms  were  plftoed 
on  them.  This  arrangement  not  only  iiLsured  correct  alignm^it  and  gradAi 
but  permitted  the  concrete  to  be  readily  poured  and  thoroughly  spaded. 
The  concrete  blocks  became  a  part  of  the  concrete  shell  of  the  siphon. 

The  next  step  was  the  setting  of  the  inner  forms,  which  were  of  wood  and  nol 
very  satisfactory,  as  it  was  difficult  to  maintain  them  in  a  circular  shape  after 
they  were  once  moved.  Each  6  ft.  length  of  forms  was  made  up  of  eight  MO* 
tions,  three  below  the  horizontal  diameter  and  five  above  it,  braced  and  boHad 
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In  auch  a  yiay  that  they  could  be  collapsed  tor  moving  ahead  (Bee  Fig.  16). 
Each  section  wob  mode  of  torn  ribs  cut  to  the  proper  curve,  on  which  the  2  in. 
lading  WBH  nailed.  The  lagging  was  dreeeed  on  the  outer  side.  The  arrango- 
meot  ot  the  cross  hracee  which  held  the  sections  In  place  permilted  the  dls- 
moDtled  sections  to  be  moved  ahead  thiough  those  aJreadf  erected,  b;  means 
of  a  platform  car  on  a  track  which  rested  on  the  CEOSS  ilbs  of  the  bottom 
section.     The  car  was  pulled  haclt  and  (orth  with  a  rdpe. 

In  conjunction  with  the  setting  of  the  inner  forms  the  reinforcemeot  rods 
were  placed  on  them,  having  been  previoual;  bent  to  the  required  circle  with 
a  small  bending  machine,  aad  properl;  spaced,  wired  and  blocked  away  liom 
the  forms.  After  the  inner  forms  were  assembled,  circular  ribs  were  placed  to 
support  the  outside  lagging.  These  were  spaced  4  ft.  apart  and  braced  against 
(he  Bide  of  the  trench,  Th60Utsldelagglngwas2  X  6  X  4  ina,  Theconcrete 
work  was  commenced  near  the  middle  aod  carried  first  toward  one  end  and 
later  toward  the  other.  There  were  120  lin.  ft.  of  Inner  forms  used.  They 
were  set  up  by  a  crew  of  S  men. 


Fia.  15.— Section  showing  forms  used  in  constnicting  Whitney  Siphon. 

When  everytliing  was  in  readiness  one  of  the  r^ular  tunnel  concrete  crews 
of  26  men  and  a  foreman  wsa  detailed  to  the  work.  From  36  to  40  men  were 
required  to  keep  the  work  going  continuously.  Theconcrete  was  tleilvered  on 
top  of  the  forms  through  a  chute,  and  flowed  to  the  bottom  over  them.  The 
outside  lagging  was  placed  about  2  ft.  high  at  the  start,  to  allow  room  for 
Inspection  and  spading  on  the  bottom.  As  the  concrete  rose  hi  the  forms. 
more  lagging  was  placed.  The  bottom  of  the  trench  was  filled  for  the  whole 
length  of  the  day's  run  and  the  complete  pipe  was  flnUhed  the  same  day. 
whether  it  was  30  ft.  or  SO  ft,  A  rough  connection  was  made  by  means  of  a 
sand  bag  bulkhead,  and  particular  pains  were  taken  to  ensure  a  good  bond  at 
this  point.  About  three  days  were  required  to  complete  the  120  ft.  of  pipe. 
About  noon  of  the  second  day  the  work  of  taking  down  the  inner  forms  and 
moTlng  tbem  ahead  was  begun,  without  interfering  with  the  progress  of  the 
Eoncreting.  In  about  24  hours  the  outer  forms  were  removed  and  the  pipe 
was  inunedlately  backfilled  and  thoroughly  fiooded  for  about  a  week.  When 
the  toot  of  the  steep  slope  was  reached  the  mixer  was  moved  to  the  lop  of  the 
slops  and  the  work  continued  in  the  same  way  until  the  top  was  reached.  At 
«tdi  end  of  the  siphon  a  manhole  30  X  36  ins.  was  constructed. 
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Electrical  energy  was  used  for  light  and  power  and  water  was  supplied  under 
pressure  from  a  large  tank  on  the  adjacent  hiil.  Sand  and  gravel  were  ob- 
tained from  the  adjacent  creek  without  screening.  All  stone  larger  than  3  ins. 
was  rejected.  The  mix  was  1 : 4  or  1  bbl.  of  cement  to  16  cu.  ft.  of  concrete. 
About  20  per  cent  of  water  was  used,  which  insured  a  very  wet  mix. 

No  serious  difficulties  were  encountered  in  carrying  out  the  work.  As  the 
work  was  done  during  flood  season,  Whitney  Creek  carried  considerable  water 
and  the  excavation  was  a  little  more  costly  owing  to  the  construction  of  the 
necessary  protecting  dams  to  prevent  flooding  the  trench.  At  the  lowest 
point,  where  the  creek  crosses  the  siphon,  the  top  was  paved  with  cobble 
while  the  concrete  was  soft,  as  a  precaution  against  scour  in  flood  season. 

At  the  lowest  point  on  the  siphon  a  special  cast  iron  pipe  with  a  flange 
moulded  to  fit  the  inner  side  of  the  pipe  was  placed.  This  connected  throu^ 
a  10  in.  valve  in  the  blow  off  chamber  to  the  blow  off  pipe  which  consiBted 
of  second-hand  12  in.  vent  pipe  embedded  in  concrete.  The  in.side  of  the 
pipe  was  finished  with  two  coats  of  neat  cement  wash  put  on  with  a  brush. 

Three  expansion  joints  were  made,  one  near  the  middle,  and  one  at  the  foot 
of  the  steep  slopes.  These  were  believed  to  be  necessary  because  at  these 
points  the  work  was  stopped  for  a  considerable  time.  The  only  noticeable 
leak  in  the  pipe  was  at  one  of  these  points.  After  the  first  leakage  test  it  was 
repaired,  after  which  no  moisture  appeared  at  any  point  on  the  ground  surface. 
It  is  believed  that  the  main  factors  which  made  for  success  were  the  pains- 
taking care  exercised  on  all  parts  of  the  work,  especially  in  selecting  the  suid 
and  gravel,  and  the  monolithic  construction,  which  eliminated  tlie  dangw 
of  developing  longitudinal  cracks. 

The  results  of  leakage  tests  are  shown  in  Table  XVIII.  They  are  based  <hi 
measurements  at  the  ends  of  the  siphon  to  the  water  surface  as  it  was  lowered. 
The  observations  for  the  period  from  July  2  to  July  17  are  effected  by  the 
defective  expansion  joint. 

Table  XVIII, — Leakage  of  Whitney  Siphon. 
(Length  955  ft.     Diameter  10  ft.     Maximum  head  70  ft.) 

Leakage, 
gals. 
Period.  1910.  per  day 

16  days  July  2— July  17 4, 146 

32  days  Sept.  30— Nov.  1 : 166 

10  days  Nov.  1— Nov.  11 135 

20  days  Nov.  11— Dec.  1 182 

44  days  Dec.  1— Jan.  13 366 

Remark. — The  leakage  shown  for  the  last  period  indicates  that  someone  had 
tampered  with  the  blowoff.  This  is  borne  out  by  the  fact  that  the  padlock  on 
the  cover  of  the  blowoff  chamber  was  found  broken. 

Table  XIX. — Cost  of  Whitney  Siphon. 

Item  Per  lin.  ft. 

Excavation $  5.  47 

Concrete  Uning 8. 33 

Steel  in  place 3. 82 

BackfiU. 2.  63 

Engineering 0. 13 

Anchorage  proportion 0. 14 

Blowoff  proportion 1 .  28 

Average  cost  per  lin.  ft.  completed  section 21. 80 

Average  labor  cost  mixing  and  placing  per  lin.  ft 2. 14 

Average  labor  cost  placing  steel  per  Un.  ft 0. 83 

Average  cost  per  ft.  for  forms 1 .  20 

(As  there  are  about  0.78  cu.  yd.  of  concrete  per  lineal  foot  of  this  siphon  aav 
of  the  above  items  multipUed  by  this  sum  gives  cost  per  cubic  yard  of  oonoretej 
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inUlope  Siphon. — The  Antelope  Valley  Siphon  is  about  four  miles 
a  maximum  head  of  200  ft.  It  is  a  composite  structure,  composed 
t.  of  10  ft.  reinforced  concrete  siphon  on  the  south  end  and  2,734  ft. 
»rth  end,  while  the  middle  portion  is  of  steel.  The  maximum  head 
ncrete  pipe  is  about  75  ft.  The  ground  slope  is  very  imiform  and 
sversely,  making  an  ideal  condition  for  construction, 
^vation  for  the  pipe  was  taken  out  to  a  depth  of  8  or  9  ft.  with  a 
K  20  Marion  steam  shovel.  About  two-thirds  of  the  dirt  was  placed 
le  and  the  remaining  one-third  on  the  side  from  which  concreting  was 
1. 

iction  on  the  south  end  was  commenced  July  7,  1911,  at  the  conduit 
^mpleted  Sept.  2,  1911. 

erage  progress  was  44  ft.  per  day.  After  the  first  week  a  rate  of  40 
aintained  for  about  20  days,  after  which  a  uniform  rate  of  49  ft.  per 
nade  until  completion. 

ler  forms  were  of  wood  built  up  in  sections  about  20  ins.  wide  and  4  ft. 
>orted  by  collapsible  steel  ribs.  These  were  much  more  satisfactory 
wooden  forms  used  on  the  Whitney  siphon.  The  working  force  on 
3te  work  was  as  follows: 

ttendent. 

;e  foreman. 

larging  mixer  with  wheelbarrows.  ^ 

1  cement. 

inning  mixer. 

acing. 

g  and  placing  steel  and  setting  outside  ribs. 

king  down  inside  forms. 

tting  up  inside  forms. 

imming  bottom  and  setting  concrete  blocks  to  support  inner  forms. 

3. 

a'  helpers. 
>tal. 

erage  rate  of  pay  for  this  force  was  about  S2.75  per  day,  or  a  labor 

per  lineal  foot  on  the  basis  of  44  ft.  progress  for  mixing  and  placingt 

id  setting  forms  and  finishing. 

>r  a  large  part  of  the  work  was  hauled  7>^  miles  from  a  plant  in  the 

the  average  haul  for  sand  was  Ij^i  miles.     Cement  and  steel  was 

teams  from  Lancaster  on  the  Southern  Pacific  R.  R.,  a  distance  of 

Monolith  Tufa  cement  manufactured  by  the  city  of  Los  Angeles, 

in  the  ratio  of  7  sacks  per  cubic  yard  of  concrete.     The  details  of 

le  3,446  ft.  of  pipe  are  as  follows: 

Per  Per 

lin.  ft.  cu.  yd. 

n $  0.94 

gravel 0.  606 

3.07 

;.;;;;;;;;;; 5.  so 

d  placing 0.91 

rms 0.  62 

0.26 

ace 4.30 

0. 39 

3  (instrument  work) 0. 04 
ence 0.  26 

srUn.  ft $17.20 


$0. 

45 

2. 

32 

4. 

37 

0. 

69 

0. 

47 

•   • 

•   • 

•   • 
1  •  • 
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The  above  does  not  include  the  cost  of  forms,  which  will  be  distributed  at 
the  completion  of  ail  work  on  which  they  are  used.  It  will  approxiniate  $1 
per  ft. 

Cost  of  Reclamation  Service  Concrete  Siphons. — ^The  foUowing  data  are 
taken  from  Engineering  and  Contracting,  March  15,  1916. 

No  record  is  had  of  the  number  of  siphons  constructed  by  the  RecUunation 
Service.  Including  those  of  small  size  it  is  large.  The  siphons  of^najor  size 
are  few,  however,  and  those  selected  as  examples  represent  constructioii  prac- 
tice adequately. 

Belle  Fourche  Siphons. — There  was  built  three  siphons  on  this  project:  One 
8  ft.  in  diameter  and  477  ft.  long;  one  6  ft.  in  diameter  and  395  ft.  long,  and  one 
5  ft.  in  diameter  and  3,565  ft.  long.  Fig.  16  shows  a  section  of  the  8-ft.  stphon 
the  sections  for  the  smaller  siphons  were  similar.  A  1:2:4  machine-mixed 
concrete  was  used ;  sand  being  screened  to  pass  a  ^^-in.  screen  and  stone  being 


Sq.  fw.  steel  rods  welded  size  amf  spacing 


fo  be  varied  to  suit 
.head 


i"fw.rody 


Type  I 


roovea  boards  siopeS't 
Slope  may  beGhang§ct  tosult 
conditions 


Fio.   16. — Section  of  Belle  Fourche  Siphon. 

screened  to  pass  a  1-in.  ring  and  be  retained  on  a  yi-in.  screen.  All  slphaiui 
were  built  in  trench  excavated  carefully  to  the  outside  form  of  the  slphonB. 
For  the  5-ft.  siphon  a  Blaw  collapsible  steel  form  was  used.  This  siphon  Is 
recorded  in  detail  as  follows:  The  reinforcement  consisted  of  304,956  lb.  of 
twisted  steel  bars;  cost  per  pound  Belle  Fourche  2.4  ct.,  plus  cost  for  hitnHng 
and  storing  of  H  ct.  per  pound.  Cement  at  Belle  Fourche  cost  $2. 15  and  $2.48 
I>er  barrel ;  hauling  and  storing  cost ,  $  1 .28  per  cubic  yard  of  concrete.  Cement 
hauled  16  miles;  gravel  hauled  1  mile.  Wages  per  8-hour  day  averaged  92.44 
one  foreman  at  $2.25  and  one  at  $100  per  month.  Weather  conditions  favoit- 
able.    Costs  of  concrete  work  alone  were: 


Item :  Per  cu.  yd. 

Preparatory  expenses $0. 30 

Plant  depreciation 0. 43 

Administration 1. 03 

Engineering 0. 20 

Superintendence 0. 42 

Inspection 0. 06 

Camp  maintenance 0. 32 

Water  work 0. 28 

Blacksmith  and  carpenter  shop 0. 26 

Total  general $3. 80 


J 
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^'  Per  eu.  3rd. 

ing  and  sereening $1  40 

Dg  gravel  and  sand 0. 60 

ing  (including  lumber)  wood  forms 0. 84 

Dg  lumber  for  forms o!  18 

ng  steel  forms o!  47 

Uaneous o!  32 

Lng  reinforcement 0. 08 

ng  and  welding 0. 30 

g  concrete 0. 68 

If;  concrete 0. 42 

ling  and  watering 0. 22 

al  labor $6. 26 

ttt $8 .  67 

3.26 

Dg  and  storing  cement 1. 28 

Dg  and  placing  steel 0. 73 

Uaneous 0. 30 

al $  9. 24 

of  steel  centering 0. 86 

Uaneous  supplies 0. 17 

al  concrete $18. 92 

Jstiibutioa  of  labor  and  materials  costs  it  wiU  be  noted  is  not  piedse 
is  for  these  items  are  therefore  slightly  in  error;  final  total  is  accurate. 
d  cost  of  the  concrete  work  proper  was  $41,929;  the  total  cost  of  the 
including  excavation,  filling  equipment,  etc.,  was  $69,310.    Costs 

in  1908;  reported  by  U.  S.  Reclamation  Service. 
tiver  Siphon. — This  work  was  a  reinforced  concrete  siphon  1,668  ft. 
tide  diameter  6  ft.  3H  in.,  with  concrete  piers  and  intake  buUt  for 
sr  project  U.  S.  Reclamation  Service.  Concrete,  613  cu.  yd.  in  siphon 
cu.  yd.  in  piers  and  intake,  1-2-4  mixtures.  Wages  were  per  eight- 
r  for  laborers.  $2.24  to  $2.74,  two  foremen  at  $126  per  month,  one 
r  foreman  at  $6.60  per  day  and  carpenters  at  $3.60  per  day.  Cement 
0  per  barrel  and  reinforcing  steel  4.12  ct.  per  pound,  deUvered.    Work 

day  labor;  weather  favorable.  Sand  and  gravel  hauled  2  miles; 
and  reinforcing  steel  nauled  27  miles.  Forms  collapsible  steel; 
18  lin.  ft.  per  day.    Costs  covering  concrete  work  only  were: 

i:  Per  cu.  yd.      Per  cu.  yd. 

of  concrete,  cu.  yd Pipe,  613  Piers,  etc.,  272 

Ing $2.09  $1.57 

sndence 1 .  26  0. 95 

twy  expenses 0. 38  0. 67 

ration 3. 47  2. 61 

lintenance 0. 96  1 .  09 

^neral $8. 16  $6. 89 

sand  and  gravel 2. 91  2. 86 

cement  and  steel 0. 27  0. 30 

wood,  water  and  miscellaneous 0. 26  0. 40 

1.86 

orms 1.85  2.03 

and  placing  steel 1 .  43  0.31 

od  placing  concrete 3. 32  2. 35 

orms 1.40  0.41 

trestle 0.26 


•   •  •  • 


iOmt $11.69  $10.60 
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Item:  Per  cu.  yd.      Per  eu.  yd. 

Lumber 1.41  1.59 

Steel 4. 10  4.06 

Cement 6.35  4.90 

Total  materials $11. 86  $10. 56 

Steel  forms  and  supplies 0. 81                

Installing  and  removing  plant 0. 28  0.21 

Depreciation 0. 47  0. 62 

Miscellaneous 1 .  32  1. 49 

Corral  expenses 0. 40  0. 46 

Total  supplies $  3.  28  $  2. 67 

Total  concrete $34. 99  $32. 16 

There  were  1,254  ft.  of  tile  underdrain  which  cost  81  ct.  per  lineal  foot,  and 
charges  for  excavation,  backfilling  rip-rap,  survey  and  design,  depredatloa  ci 
buildings  aggregating  about  $7,000,  making  the  total  cost  of  the  siphon  $28.49 
per  lineal  foot.  Costs  recorded  in  1907-8;  reported  by  U.  S.  Redamatioa 
Service. 

Salt  Riter  Siphons. — Two  twin-tube  siphons  were  constructed,  one  under 
Pinto  Creek  2,130  ft.  long  under  35  ft.  head  and  one  at  Cottonwood  Canyon 
250  ft.  long  under  a  head  of  76  ft.  A  cross-section  of  one  of  the  Pinto  Cieek 
tubes  is  shown  by  Fig.  17.  The  concrete  was  a  1 :  2K  •  4  mixture,  mixed  wet  by 
hand.    The  novel  feature  of  the  work  was  the  use  of  a  traveling  form. 

The  forms  consisted  of  an  outside  form  constructed  as  shown  by  Fig.  17, 
by  inserting  2>ii-in.  X  5M-ft.  lagging  strips  in  the  metal  ribs.  The  inside 
form  was  designed  to  permit  continuous  work  by  moving  the  form  ahead  as  tbo 
concreting  progressed.  It  coiLsisted  as  shown  by  Fig.  17,  of  an  invert  loan 
on  which  an  arch  form  was  carried  on  rollers.  The  invert  form  was  pulled 
along  by  cable  from  a  horse  power  whim  set  ahead,  being  steered,  aligned 
and  kept  to  grade  by  being  slid  on  a  light  wooden  track.  It  had  the  form  of  a 
long  half  cylinder,  with  its  forward  end  beveled  ofF  to  form  a  scoop-like  snouL 
The  arch  center  consisted  of  semi-circular  rings  2  ft.  long,  set  one  at  a  tfane  ts 
the  work  required.  Each  ring,  when  set,  was  flange-bolted  to  the  onebehlnd, 
and  each  was  hinged  at  three  points  on  the  circumference  to  make  it  coUapat- 
ble.  In  operation,  the  invert  form  was  intended  to  be  pulled  ahead  and  the 
arch  rings  to  be  placed  one  after  another  in  practically  a  continuous  pioctm. 
So  that  the  arch  rings  might  continue  supported  after  the  invert  form  was 
drawn  out  from  under  them,  invert  plates  similar  to  the  arch  plates  were 
inserted  one  after  another  in  place  of  the  shell  of  the  invert  form.  The  plan 
provided  very  nicely  for  continuous  work,  but  continuous  work  was  found 
impracticable  for  all  but  about  2,500  ft.  of  the  6,000  ft.  of  conduit  built.  The 
reason  for  this  seems  to  have  been  at  least  in  a  great  measure,  the  slow  setting 
cement  made  at  the  cement  works  established  by  the  Govemmieiit.  at 
velt.  In  building  the  first  300  ft.  of  conduit,  a  commercial  cement 
and  a  progress  of  120  lin.  ft.  of  pii)e  per  24  hours  was  easily  made.  This  woik 
was  done  in  June.  Later,  but  still  in  warm  weather,  using  the  QovenunflDt 
cement  and  70  ft.  of  arch  plates,  not  more  than  70  ft.  of  pipe  could  be  com- 
pleted in  24  hours ;  if  the  plates  were  taken  down  sooner,  patches  of  ooncretoMl 
out  or  peeled  ofif  with  them.  As  the  weather  grew  colder,  this  diJBBiCUlty  in- 
creased, until  finally,  the  idea  of  continuous  work  was  abandoned  and  for  eorai 
3,500  ft.  of  conduit  only  one  8-houi  shift  per  day  was  worked.  In  Da* 
cember  and  January  the  plates  had  to  remain  in  place  three  days,  so  that  the 
progress  was  only  24  ft.  per  day;  in  warm  weather  this  rate  was  IncreaBed 
40  ft.  per  day. 
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Costs  were  kept  on  two  sections  of  one  of  the  lines  and  the  figures  shown  in 
the  accompanying  table  were  obtained.  A  gang  consisted  of  a  forunan  at 
$175  per  month,  a  siibforeman  at  $3.50  per  day,  and  the  following  laborers  at 
$2.50  per  day;  one  bending  the  reinforcement  rings;  two  placing  the  reinforce- 
ment; four  taking  down,  moving  and  erecting  the  stationary  plates;  four  plac- 
ing the  concrete  and  outside  lagging;  two  wheeling  concrete;  six  mixing  con- 
crete; one,  wheeling  sand  and  gravel;  one,  watering  the  finished  pipe;  four, 
laying  track  for  the  steering  apparatus,  moving  the  superstructure  and 
hangers,  mixing  boards,  runways,  etc.;  one  pointing  and  finishing  inside  the 
pipe;  and  one  on  the  whim  and  doing  miscellaneous  work.  The  labor  was 
principally  Mexican,  and  only  fairly  efficient.  It  is  important  to  note  that  the 
costs  in  the  table  are  labor  costs  only  of  mixing  and  placing  concrete  and  moving 
forms ;  they  do  not  include  engineering,  first  cost  of  forms,  concrete  materials, 
reinforcement  or  grading. 

Wages  Cost  per  Cost  per 
4  men —  per  day    lin.  ft.     cu.  yd. 

Laying  track  for  steering  alligator $  5. 00  $0. 0670  $0. 16 

Moving  and  erecting  superstructure 5. 00  0. 3821  0. 93 

4  men  moving  plates 10. 00  0. 2646  0. 65 

Repairs  to  alligator 0. 0354  0. 08 

1  man  bending  rings 2.  50  0. 0538  0. 13 

2  men  placing  reinforcement 5. 00  0. 1538  0. 38 

12  men  mixing;  and  placing  concrete 30. 00  0. 9631  2. 34 

1  man  watering  fimshed  pipe 2.  50  0. 0716  0. 17 

1  man  painting  and  brush-coating  inside 2.  50  0. 1241  0. 31 

Blacksmith's  work 0. 0319  0. 08 

1  man  whim 2. 50  0. 0306  0. 07 

1  man  screening  and  hauling  sand  and  gravel 2. 50  0. 2804  0. 68 

Total $2.4684.  $6.98 

Summary  of  Costa. — The  following  costs  are  separated  from  the  preoeedlog 
examples  of  concrete  siphon  construction. 

Mixing  and  Placing  Concrete. 

Example  Per  cu.  yd. 

Whitney $1. 67 

Antelope  Valley 0. 92 

Bell  Fourche 0. 96 

Sun  River 2. 36 

Salt  River 2.34 

Bending  and  Placing  Reinforcement. 

Example  Per  ou.  yd. 

Whitney $0. 66 

Belle  Fourche 1. 48 

Sun  River 0. 81 

Salt  River 0.61 

Forms. — Separated  as  completely  as  is  possible  from  the  cost  records  givio 
the  costs  of  forms  are  about  as  follows: 

Example  "Pet  eo.  yd. 

Whitney $0.94 

Antelope  Valley 1. 96 

Belle  Fourche r 1.88 

Sun  River 2.44 

Salt  River 1. 82 

• 

The  figrure  for  Salt  River  does  not  include  first  cost  of  forms  and  at  BeUt 
Fourche  the  first  cost  is  assumed  to  be  the  retail  charge.    Qouglily,  fonns  < 
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to  $2.50  per  cubic  yard.  These  figures  are  for  the  usual  collapsible 
types  of  forms.  No  cost  is  found  of  the  traveling  form  used  at  Salt 
tie  labor  cost  of  moving  and  repairing  this  form  was  $1.S2  per  cubic 
t  is  quite  useless  from  the  data  available  to  attempt  comparison  of 
[  wood  forms.  Though  the  examples  cited  show  that  wood  forms  have 
St  frequently  used,  this  is,  we  think:,  a  mere  happening  and  signifies 
The  ste^  form  has  peculiar  merits  for  conduit  construction  and  its 
ation  should  never  be  neglected. 


>ub-6rad9 

Fig.  18. — Open  conduit  of  Los  Angeles  City  Trunk  Line. 


»f  Concrete  Sections  in  the  Los  Angeles  Aqueduct. — The  following 
taken  from  an  article  by  Burt  A.  Heinly,  Secty.  to  Chief  Engineer, 
)f  Water  Worlcs  and  Supply,  Los  Angeles,  published  in  Engineering 
tracting,  May  5,  1915. 

)en  conduit  has  a  length  of  7,975  ft.  with  a  capacity  of  20,000  miner's 
The  grade  varies  from  1  to  2.58  per  cent  and  the  velocities  from  15.6 
t.  per  second,  n  =  .014  in  Kutter's  formula.  The  conduit  is  4  ft. 
the  bottom  and  15  ft.  wide  at  the  top  with  a  6-in.  invert  and  with 
es  of  IH  to  1 ;  the  walls  being  carried  to  a  free  board  of  15  ins.  Exca- 
as  in  a  heavy  dobe  clay 


done  with  scrapers  at  a 
)cts.  per  foot  which  in- 
rimming.  The  concrete 
6  ins.  thick  of  a  5H 
B  gravel  being  washed 
ight  from  a  stream  one- 
)  distant  at  a  cost  of  50 

cubic  yard.  No  forms 
jd.  Every  12H  ft.,  2  X 
laid  and  as  the  concrete 
vered  from  above  by  a 
.ustin  Cube  mixer  it  was 

off  by  a  screed  held  on 
6-in.  gruides.  which  were 
Qoved,  the  spaces  filled 
I    mass    trowelled    to    a 

surface.  The  cost  of 
g   was   $2.80  per  lineal 


When  concfuif  projecf-s  above  orgihal 
ground  carry  foQe  vertical  fo  solid  found. 


H» — y^ e'-o'- J  H«i^ 

Make  face  vertical  entire 
length  of  conduit  on  downhill  side 

Fig.  19. — Closed  conduit,  Lob  Angeles  City 
Trunk  Line. 


ith  a  force  of  20  men,  the  average  rate  of  progress  was  150  ft.  per 
lis  open  conduit  lies  in  the  bed  of  the  Upper  San  Fernando  Reservoir 
ce  when  additional  storage  is  required,  a  reservoir  of  23,000  acre- 
be  constructed. 

jvend  conduit  section,  Fig.  19,  is  similar  in  design  to  Aqueduct 
i 
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covered  conduit  sections  but  is  smaller.  The  depth  is  8  ft.  1  in.  and  the  width 
8  ft.  at  the  bottom  to  9  ft.  3  ins.  at  the  top,  with  a  batter  of  1  to  12.  On  the 
reservoir  side  of  the  conduit,  the  outer  face  of  the  lining  was  made  vertical. 
Side  walls  are  of  a  minimum  thickness  of  6  ins.,  the  bottom  9  ins.  and  the 
cover  from  6  ins.  at  the  sides  to  7  ins.  at  the  center.  Reinforcement  of 
sidewalls  on  the  hill  side  is  of  ^^-in.  plain  rods  spaced  2  ft.  colter  to  center,  and 
on  the  reservoir  side,  ^-in.  rods  spaced  1  ft.  center  to  center.  The  cover 
is  reinforced  by  ^-in.  square  twisted  rods,  placed  9  ins.  center  to  center,  and 
is  designed  to  carry  a  load  of  300  lbs.  to  the  square  foot  with  a  factor  of  safety 
of  4.  A  5H  to  1  mix  was  used  for  the  cover  and  a  6  to  1  mix  for  side  and  bot- 
tom.   The  cost  of  finished  conduit  amounted  to  $8.90  per  lineal  foot. 


Fig.  20. — Tunnel  section,  Los  Angeles  City  Trunk  Line. 


Two  tunnels.  Fig.  20,  one  of  875  ft.  and  the  other  of  700  ft.  which  are  located 
about  midway  in  the  conduit,  were 'driven  through  an  indurated  gravel  and 
clay,  comprising  an  ideal  material  in  which  practically  no  timbering  waa 
required.  The  work  was  done  by  hand  at  a  cost  of  $7.50  per  foot.  Making 
and  placing  of  forms  cost  $1  per  foot  and  the  concreting  $6.50  per  foot,  wiairing 
this  work  cost  complete,  $15  per  lineal  foot.  The  tunnels  have  a  slope  of 
.0009,  with  F  "  to  5.8,  n  »  .014  Kutter's  formula.  The  sidewalls  are  on  a 
batter. 

Construction  Quantities. — Per  linear  foot  of  timnel  normal  section:  Elzc*- 
vation,  (timbered)  3.10  cu.  yds.,  (untimbered)  2.73  cu.  yds.;  concrete,   (tim- 
bered) 0.83  cu.  yds.,  (untimbered)  0.69  cu.  yds.;  timbers,  16  B.  M.;  Bpieadea,  'f« 
5  B.  M.;  shoulder  braces,  7  B.  M.;  lagging,  48  B.  M. 

The  regular  rate  for  day  labor  on  this  work  was  $2.50  per  8  hour  daj-  ih 
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Coat  of  th»  Ban  Famaodi)  In*  titad  Steal  Siphoo,  Loa  Ancelu  Aqsadvct-^- 
Tbe  lollowlns  data  ore  taken  from  an  article  In  Enjrlneerliu;  and  Conttactlng, 
May  5,  1015,  by  Burt  A.  Helnly. 

The  San  Fernando  Inverted  Steel  Blphon  corrlea  the  aqueduct  acroag 
the  San  Fernando  Valley  a  total  dlBtanceoI  B3,327  tt.  under  a  maximum  work- 
ing head  of  260  ft.  to  the  crest  of  the  Santa  Monica  mountain  range  which 
hems  the  valley  on  the  Boutb.  This  slpbon.  a  proille  of  which  la  shown  In 
Fig.  21.  comprises  the  most  dUHcult  and  expensive  part  of  the  Cltj  Trunk 
Line.  It  required  8,260  tona  oC  steel  for  Its  fabrication  and  Is  a  noteworthy 
example  d  pipe  line  construction  and  design. 

From  an  inside  diameter  of  72  Ins.  at  the  Inlet,  the  riphon,  as  diversions 
are  made,  Is  gradually  reduced  to  S2  ins.  The  inlet  elevation  at  the  Ban 
Fernando  gate  tower  is  1,075  ft.  above  sea  level  with  liydraulic  grade  at 
1.134.  The  elevation  of  the  outlet  Is  S54  It.  above  sea  level.  With  the 
steep  slope  of  4  ft.  to  1 ,000.  the  siphon  carries  the  high  velocity  of  8  ft.  per 


it  tb«  San  Fernando  Inverted  Steel  Hiphon.  Loa  Angela  C3ty 


second.  On  account  el  the  high  expense,  the  line  was  not  designed  for  full 
static  preasura  but  Is  constructed  for  full  pressure  up  to  tbe  maximum  hydrau- 
lic grade  line  with  a  niaibnum  safety  of  4.  This  la  equivalent  to  15,000  lbs. 
per  square  Inch  maximum  preeeure  on  the  net  section. 

Single  sheet  construction  is  used  tbrou^out,  the  design  and  fabrication 
following  the  methods  employed  on  the  21  steel  siphons  of  the  Los  Angeles 
Aqueduct.  Tbe  line  was  designed  and  built  of  lap  joints  of  alternate  Inside 
■ad  outside  sections,  the  plates  being  ee  ins.  long.  Ail  rivets  were  cone 
headed:  M-!n.  rivets  were  used  on  the  H-'n.  and  Mt-in.  plates  with  'He-'n- 
opeo  hoIsBi  and  ^-in.  rivets  lor  the  H-tf-  plate  with  i^e-ln.  open  holes. 
Riveting  tcdiowed  the  Hartford  Boiler  Standard  speclBcatlons  with  the 
r  of  tbs  Joints  having  a  maximum  of  72  per  cent. 
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The  steel  for  both  plates  and  rivets  was  all  made  by  the  basic,  open  hearth 
process,  the  quantities,  diameters,  riveting,  etc.,  being  as  follows: 

Length,  ft. 

19,200.55 

5,710.00 

6.612.49 

1,524.10 

1,904.09 
14,000.89 

9,799.88 

1,870.81 

2,704.38 


Iiongitudinal 

Diameter,  ins. 

Thickness,  ins. 

riveting 

72 

H 

Double 

72 

^. 

Triple 

72 

Triple 

68 

Me 

Triple 

66 

H« 

Triple 

66 

Triple 

64 

H 

Triple 

62 
62 

^/ 

Triple 
Double 

63,327.19 


As  the  time  was  an  important  element,  the  woric  was  divided  so  that  a  local 
contracting  firm  did  part  of  the  woric,  and  the  city  the  remainder.  The 
contractor's  part  consisted  in  delivering  at  trench  side,  19,200  ft.  of  72-in. 
and  4,575  ft.  of  62-in.  in  24-ft.  sections  with  rivets  for  circular  seams  at  3.5  cts. 
per  lb.  The  city  purchased  the  remainder  of  the  steel  from  an  eastern 
factory  in  plates  rolled  to  true  cylinders,  beveled,  sheared  and  scarfed  at 
1.66  cts.  per  lb. 

The  gates  used  were  of  Rensselaer  manufacture,  double  disk,  single  gear 
type,  with  heavy  bevel  gear,  bronze  trimmed  and  operated  by  hand,  designed 
for  working  pressures  ranging  from  150  to  225  lbs.  The  large,  regulating 
shut-ofiF  gates  were  designed  for  the  nearest  commercial  size  larger  than  cne- 
half  the  diameter  of  the  pipe.  Th&se  comprise  a  54-in.  gate  with  12^. 
by-pass,  4  miles  from  the  inlet,  and  at  intervals  of  about  3  miles,  three  48-in. 
gates  with  8  in.  by-passes.  These  gates  are  for  shutting  off  any  section  of  the 
line  on  which  an  accident  might  occur  or  for  cleaning.  At  intervals  of  ooe- 
half  mile,  6-in.  gates  are  provided  for  irrigation  laterals,  and  at  the  Lm 
Angeles  River  crossing,  two  8-in.  blow-off  and  one  6-in.  drain  valves  an 
installed.  These  are  capable  of  adding  a  flow  of  about  50,000,000  gals,  to  the 
flow  of  the  river  which  can  be  taken  up  farther  down  stieam  by  the  ooUectioa 
works  of  the  Los  Angeles  river  supply  system.  Every  on&-half  mile  man  hoiei 
with  reinforced  manhole  plates  are  constructed  and  on  the  low  sides  of  shut- 
off  gates,  10-in.  saddles  are  constructed  to  provide  for  air  valves. 

The  work  of  conHtruction,  as  is  the  rule  of  the  Los  Angeles  Water  D^Mtft- 
ment,  was  accomplished  by  its  own  laboring  force  under  the  directicHL  of  its 
own  engineers. 

The  excavation  was  done  with  two  Model  40  Marion  steam  shovels  of 
^4-cu.  yd.  and  IH  cu.  yd.  capacity.  Each  was  equipped  for  this  partloular 
kind  of  work  with  an  extra  long  boom  25  ft.  in  length.  The  aim  was  to  haT8 
the  top  of  the  pipe  a  minimum  of  3  ft.  below  the  surface  of  the  ground.  This 
made  the  depth  of  ditch  range  close  to  0  ft.,  the  width  being  as  narrow  as  ttaa 
shovel  could  dig,  or  from  10  to  11  ft.  Excavation  was  in  an  ideal  formatioa 
of  sandy  loam  that  stood  without  cribbing  excepting  in  a  few  <n*faim<^i«^ 
Shovel  crews  in  an  eight  hour  day  accomplished  from  85  to  190  lineal  feet,  tbft 
average  cost  of  trenching  ranging  from  25  to  30  cts.  per  foot.  Shovel  ninnan 
were  paid  $150  per  month;  cranemen,  SI  15;  firemen,  $75  per  month,  and  pit- 
men $2.50  per  day.  The  shovels  worked  6  days  per  week,  the  crews 
hauling  the  shovel  on  the  seventh  without  allowance  for  overtime. 
filling  was  with  Fresnos  at  the  rate  of  150  ft.  per  day  for  each  gang. 
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being  paid  $2.50  per  day.  The  cost  of  this  item  averaged  18  cts.  per  ninniiig 
foot. 

As  stated,  the  contractor  was  required  to  deliver  the  pipe  in  24  ft.  sections 
at  the  side  of  the  trench.  He  found  it  cheaper  to  rivet  into  single  sections 
in  his  shop,  th^i  rivet  four  sections  into  a  tank,  or  24  ft.  length  of  pipe,  on 
the  ground,  air  being  sold  to  him  for  this  purpose  by  the  city.  With  the  city 
it  was  necessary  to  unload  the  nested,  unriveted  plates  and  do  all  the  work  of 
riveting,  both  circular  and  longitudinal  at  the  side  of  the  trench.  For  this 
purpose  the  equipment  comprised  three  compressor  stations  situated  at  points 
near  the  inlet,  middle  and  outlet  of  the  siphon  with  air  lines  of  2-in.  and  4-ln. 
inside  diameter  standard  screw  pipe.  The  longest  delivery  was  one  of  26,000 
ft.,  through  4-in.  pipe.  Air  compressors  used  were  one  Clayton  2-stage 
tandem  of  a  capacity  of  200  cu.  ft.  of  free  air  per  minute  under  100  lbs.  pres- 
sure, driven  by  a  75  hp.  Westinghouse  motor,  and  two  2-stage  Ingersoll  Rand 
No.  10  Imperials,  each  of  a  capacity  of  700  cu.  ft.  of  air  per  minute  under  100 
lbs.  pressure  driven  by  100  hp.  General  Electric  motors.  Transmission  lines 
of  the  Southern  Califomia  Edison  Co.  in  the  vicinity  were  tapped  to  supply 
the  energy. 

From  three  to  five  gangs  were  employed  on  the  city's  riveting.  Each  gang 
comprised  a  riveter  at  $3.50,  a  caulker  at  $4.00.  a  heater  at  $3.00,  a  bucker-up 
at  $2.50  and  sometimes  an  additional  helper  at  $2.50  for  an  8-hour  day. 
The  gangs  worked  under  a  bonus  system,  compiled  at  10-day  intervals, 
amounting  to  $1 .75  per  100  rivets  for  all  over  500  driven  in  8  hours.  This  was 
divided  proportionately  among  the  gang,  the  riveter  foreman  who  received 
$150  per  month  not  participating.  A  rivet  that  on  a  tap  of  the  inspector's 
liammer  showed  any  vibration  was  rejected  and  had  to  be  cut  out  and  replaced 
on  the  gang's  own  time.  There  are  defects  in  the  bonus  system  but  if  watch- 
fulness is  exercised,  the  city  has  found  that  in  tills  line  of  work,  the  spirit  of 
co-operation,  enthusiasm  and  personal  endeavor  can  be  developed  to  a 
liigh  degree.  Under  this  system  one  gang  would  rivet  from  12  to  15  rings  into 
4-piece  sections  in  a  day.    In  the  trench,  10  round  seams  was  a  day's  work. 

After  some  experimenting,  it  was  found  that  the  quickest  and  most  satis- 
factory method  of  fabrication  was  to  rivet  the  plates  into  four  ring  sections 
or  tanks.  This  made  the  work  of  riveting  much  easier  and  swifter  and  reduced 
the  niunber  of  bell  holes.  The  "  tanks"  were  hoisted  to  position  in  the  trench 
by  a  stiff-leg  A-frame  derrick  set  on  wheels-  and  movable  rails.  Riveting  in 
the  trench  progressed  at  the  rate  of  125  ft.  per  day.  Large  angles  and  transi- 
tions were  shop  made  but  on  small  bends,  no  special  construction  was  required, 
the  piates  being  simply  cut  and  beveled.  On  curves  where  the  radius  was 
equal  to  or  larger  than  a  6°  railroad  curve,  it  was  found  that  the  situation  could 
be  handled  by  a  little  reaming  of  the  rivet  holes.  The  pipe  was  all  laid  with 
the  longitudinal  seams  uppermost,  as  it  has  been  found  by  experience  that 
most  of  the  leaks  occur  where  the  three  thicknesses  of  steel  come  together  and 
they  are  thus  made  easy  of  access  for  recaulklng. 

In  painting,  coal  gas  and  water  gas  tars  were  used.  A  coating  of  the  latter 
which  is  much  thiimer  than  coal  tar  and  of  high  penetrating  qualities  was  first 
I4>plied  uid  then  on  succeeding  days,  two  coats  of  coal  tar  both  inside  and  out. 
No  heating  was  required  in  the  summer  months  but  was  necessary  with 
the  M>proach  of  autunm  and  winter  temperatures.  Painting  was  done  at 
txeochiAAe  with  brushes.  After  the  pipe  was  laUd,  another  coat  was  applied 
to  all  round  seams  and  to  any  abrasions.  Comparison  of  expense  with  pat- 
ented pr^puations  is  to  be  noted  from  the  fact  that  coal  tar  cost  11  cts.  per 
gallon  and  gas  tar  10  cts.  i>er  gallon  laid  down  on  the  ground  in  carload  lots. 
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The  department  after  haying  had  three  years  of  tests  of  these  materials  on 
the  exposed  aqueduct  siphons  finds  them  an  efiFective  substitute  for  the  higher 
priced  coatings. 

The  transitions  at  both  ends  of  the  siphon  consist  of  blocks  of  heavily 
reinforced  concrete,  covering  the  pipe'  to  a  depth  of  2  ft.  on  all  sides  for  a 
lineal  distance  of  8  ft.  which  serve  as  anchorages  to  hold  the  pipe  in  place. 

Cost  of  Steel  Section  of  Antelope  Valley  Siphon,  Los  Angeles  Aqueduct. — 
The  followjg  data  are  from  an  article  by  William  W.  Hurlbut  published  in 
Enghieering  Record,  July  19,  1913. 

The  steely  or  middle  portion  of  the  Antelope  Valley  siphon,  was  furnished 
by  the  Riter-Conley  Manufacturing  Company,  rolled  and  punched  at  a  cost 
of  $1.50  per  hundredweight  f.o.b.  factory  at  Leedsdale,  Pa.,  or  $2.30  per 
himdred weight  laid  down  at  Mojave,  Cai.,  the  distributing  point  for  this  work. 
The  plate  was  shipped  nested  in  order  to  obtain  the  minimum  rate  for  carload 
lots.  The  plate  is  of  the  lap-joint  type,  the  inside  rings  being  10  ft. 
in  diameter. 

Table  XX  gives  lengths  and  weights  and  safe  heads  of  each  thickness  of 
metal. 

Table  XX. — Steel-plate  Data 

Safe  head.      Length  feet,      Weight, 
Thickness  feet  pounds 

-in.  double-riveted 100  2,690  938.810 

-in.  triple-riveted 144  4,559  1,609,440 

H«-in 180  3,698  1,626,920 

H-in 210  4,650  2,648,970 

Total 15,597  6,648,970 

Table  XXI  gives  the  schedule  for  siphon  work  for  a  typical  riveting  crew 
of  four  men. 

The  world's  record  for  field-driven  rivets  was  made  on  the  erection  of  this 
pipe,  one  man  driving  1650  ^^-ih.  rivets  in  one  eight-hour  shift. 

Table  XXI. — Bonus  Rate  for  Riveting  Cbew 

Crew  Por  cent 

Mechanic,  bonus,  of  bonus 

Each  per  Size  of        Wages,    Base  rate,      cents  per  man 

sliift  rivet,  in.     per  day    per  shift    per  rivet  per  shift 

Riveter jH\         $3.50  /500         IH  I  30 

\Hl  1400        ikf 

Heater f^l  3.00  /  500         IH  I  30 

\Hf  \400       iHi 

Bucker jH\  2.75  ]  500         1^1  20 

ikl  1400         1H[ 

sticker j^\  2.50  f  500         IH  \  20 

\Hf  Uoo       IH/ 

The  compressor  plant  was  located  in  the  center  or  IH  miles  from  eadi, 
end  of  the  pipe.  The  plant  consisted  of  four  40-hp.  Aurora  gas  w^tw#, 
all  belted  to  a  line  shaft,  the  line  shaft  in  turn  being  belted  directly  to  aa 
Ingersoll-Rand  air  compressor.  Two  lines  of  4-in.  O.  D.  casing  deliTemd 
air  at  a  pressure  of  110  lb.  Erection  of  this  siphon  commenoed  in  the  middto 
and  was  worked  both  ways  from  this  point.  All  rivets  were  oone-hMuled  and 
of  full-diameter  shank;  H-in-  rivets  were  used  on  the  H  &Qd  Hs-^  plate  aod 
^-in.  rivets  on  the  H-in.  plate. 
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Table  XXII  gives  direct  field  charges  of  costs  for  the  steel  pipe. 

Table  XXII. — Fubld  Costs  fob  Steel  Pipe 

Length, 
Description  feet 

Trench  excavation , 15, 597 

Anchorages,  proportion 15 ,  597 

Steel  pipe: 

Ckiet  rolled  and  punched  at  Mojave 16,597 

Loading  and  hauling 15, 597 

Placing .  1 5 ,  597 

Riveting 15, 597 

Calking 15, 697 

Painting 15,597 

Equipment 15 ,  597 

Superintendence 15, 597 

Engineering 15 ,  597 

Backfill 15.597 

Bell  hole,  proportion 15 ,  597 

Dismantling  camp,  proportion 15, 597 

Manholes,  proportion 15 ,  597 

Blow-off  valves,  proportion 15,597 


Unit 

Cost 

cost 

per  cwt 

$  0.33 

•   •   •  •   • 

.48 

•  •   •   •  • 

9.84 

S2.30 

1.46 

.34 

.52 

.12 

1.19 

.28 

.24 

.06 

.15 

.04 

.87 

.21 

.11 

.03 

.04 

.01 

.19 

.11 

.01 

.01 

.03 

Total $15. 58  $3. 39 

To  the  cost  shown  in  the  table  should  be  added  10  per  cent  for  overhead 
charges.  The  average  cost  of  driving  645,957  rivets  was  2.9  cents  per  rivet, 
and  the  average  cost  per  pound  of  erecting  was  3.30  cents. 

The  erection  of  steel  commenced  in  April  and  was  completed  in  September, 
1912.  The  greatest  progress  was  made  during  the  month  of  August,  when 
5940  ft.  were  erected. 

Weight  and  other  miscellaneotts  data  of  steel  pipe  are  given  as  follows  in 
Moritz's  "Working  Data  for  Irrigation  Engineers"  (1915). 

Fig.  22  gives  the  thickness  of  steel  pipe  for  three  different  efficiencies  of 
joint,  single  riveted  at  55  per  cent,  best  double  riveted  at  72  per  cent,  and  lock- 
bar  pipe  at  90  per  cent.  The  lock-bar  joint  is  capable  of  developing  100  per 
cent  efficiency;  but,  due  to  occasional  defects  in  material  or  workmanship  on 
the  lock-bars,  an  efficiency  of  90  per  cent  is  recommended  for  calculating  the 
thickness.  The  thickness  given  in  the  diagram  is  the  net  thickness  of  steel 
required  to  withstand  the  given  pressure  at  a  unit  stress  in  the  steel  of  16,000 
lbs.  per  sq.  in.  It  is  customary  to  allow  a  slight  excess  of  thickness  to  take 
care  of  weakening  by  corrosion. 

The  following  table  (from  "American  Civil  Engineers'  Pocket  Book") 
gives  the  greatest  allowable  depth  of  earth  cover  over  steel  pipe  in  feet.  If  a 
pipe  is  to  be  subjected  to  a  greater  pressure  of  earth  than  indicated  in  the 
table,  tlie  thiclaiess  must  be  increased  or  the  pipe  shell  reinforced  with  angle 
Irons  or  other  suitable  shapes. 

Diameter  op  Pipe 

Thickness  30  ins.      36  ins.      42  ins.      48  ins.      54  ins.      60  ins.      72  ins. 

He  5  '  %  '  \  •  o 

x^  8  5  4  3 

4?-.  12  9  6  5  4  3  2 

^  18  12  9  7  6  4  3 


,6 


25  17  12  9  8  6  4 

22  16  12  10  8  6 


42  .  .  15  12  9 

Example  of  Use  of  Diagram  (Fig.  22).— Given  a  72-in.  steel    pipe  for  a 
plant  static  head  of  200  ft. ;  an  allowance  of  50  per  cent  is  to  be  made  for 


376  HANDBOOK  OF  CONSTRUCTION  COST 

water-run  uul  10  per  cent  lorcoiTodciD,  maldDgtbe  total  bead  (200  X  1.00)  — 
320  ft. 

Enter  the  dLnKram  at  a.  head  of  320  ft.,  thencs  horizontally  to  the  line  ioi 
72-111.  pipe,  then  verttcally  down  and  read  thickness  slightly  more  than  $jg-ln. 
tor  alnsle-iiveted  joint,  Bllghtl;  less  than  Hs-'h-  >oi  double-riveted  joint,  and 
slightly  more  than  ^iit-la.  for  the  lock-bar.    Single  riveting  Is  seldom  U9«d 


Fi«,  22.— Thickness  and  neight  of  iteel  pipe. 

lor  any  hut  unimportant  and  temporary  stiucturea.  Canying  the  abors 
example  further,  we  note  from  the  foregoing  table  that  the  Hi-hl'  abell  wlU 
withstand  a  back-fill  of  4  It.,  and  the  >>ii-in.  sheU  wUl  withstand  hMwotn 
3  and  3  ft.    The  approiimate  welgbt  of  the  pipe  is  glv«n  by  the  fotmulk  !■ 
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Mftintemuiee  of  Steel  Pipe  Line,  SfO  Miles  Lone. — The  following  data  are 
taken  from  an  abstract  in  Engineering  Record,  Oct.  21.  1916,  of  the  1914-15 
Annual  Report  of  P.  V.  O'Brien,  engines  for  the  Goldfields  areas  of  the  Watei 
Supply.  Sewerage  and  Drainage  Department  of  Western  Australia. 

The  pipe  line  and  pimiping  project,  was  completed  in  1902.  After  having 
been  in  service  a  few  years  the  pipe  showed  signs  of  serious  corrosion.  The 
steel  of  this  conduit  was  manufactured  in  Australia  from  material  supplied 
from  England.  The  thickness  of  the  plates  is  >^  in.  for  ail  pipes  under  pres- 
sure up  to  390  ft.  head  and  He  in.  thick  for  pressures  above  that  amount. 
The  material  employed  was  open-hearth  basic  steel.  When  completed  and 
tested  the  pipes  were  heated  to  300  deg.  Fahr.  and  immersed  in  a  mixture 
of  coal  tar  and  Trinidad  Asphalt.  Over  the  outside  coating  sand  was  sprinkled 
to  make  the  material  resistant  to  the  sun's  heat. 

Maintenance  Costs. — Mr.  O'Brien  presents  the  following  figures  on  the 
cost  of  maintenance  since  the  pipe  line  was  completed  in  1902 : 

Tablk  XXIII. — Cost  of  Maintenance  of  30-Inch  Steel  Main  35  1H  Miles 

Long 

Year  Cost  Year  Cost 

1902-3  1 $83,500  190^10 83,000 

1903-4  / 

1904-5 37,600  1910-11 61.200 

190&-6 38,000  1911-12 83,000 

1906-7 68,700  1912-13 111,000 

1907-8 96,600  1913-14 192,600 

1908-9 74,500  1914-15 248,000 

The  corrosion  on  the  exterior  of  the  pipes  took  three  distinct  forms — ^rusting, 
pitting  and  scaling.  It  appears  that  the  greatest  deterioration  has  occurred 
where  the  pipe  has  been  buried  in  the  ground,  while  sections  lying  above  the 
surface  show  comparatively  slight  damage. 

Table  XXIV. — Holes  Due  to  External  Corrosion 

Financial  No.  of         financial  No.  of 

year  holes  year  holes 

1904-5 2  1910-11 131 

1905-6 27  1911-12 124 

1906-7 54  1912-13 774 

1907-8 55  1913-14 966 

1908-9 91  1914-15 2,078 

1909-10 177 

The  great  increase  in  the  number  of  holes  in  1914-15  is  partly  accounted 
for  by  the  large  amount  of  work  done  in  scraping  the  pipe  preparatory  to 
recoating.  In  this  way  many  holes  appeared  that  onlinarily  would  not  have 
been  noticed  for  several  years  later. 

The  method  adopted  for  dealing  with  external  corrosion  consiHts  of  uncover- 
ing the  pipes  wherever  they  are  found  to  be  badly  pitted  and  continuing  the 
opening  up  in  both  directions  till  they  are  found  to  be  in  good  condition.  In 
this  way  all  those  parts  of  the  main  in  the  vicinity  of  places  where  corrosion  is 
known  to  be  bad  have  been  opened  up,  and  in  addition,  other  portions  which 
were  likely  to  be  similarly  bad  have  been  opened  up  during  the  past  year.  The 
loigth  opened  up  and  left  oi>en  for  the  financial  year  1914-15  was  36>^  miles, 
making  a  total  of  80  miles  imcovered  at  the  close  of  the  year.  Judging  by  the 
condition  of  the  pipes  that  have  been  opened  up  during  the  past  year,  it  is 
anticipated  that  the  work  of  dealing  with  the  external  corrosion  of  the  pipes 
be  Bfttiaf actorUy  dealt  with  for  some  years  in  the  same  manner  as  hitherto,  < 
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and  at  no  greater  cost.  Although  almost  the  whole  of  the  coathig  on  the  pipes 
where  they  are  underground  is  more  or  less  perished,  and  has  been  so  for 
many  years,  the  condition  of  the  steel  plates  is,  apart  from  the  pitting  and 
scaling  already  referred  to.  almost  miiformly  good. 

Life  of  Cast  Iron  Water  Pipe  — The  following  data  are  taken  from  an  article 
in  Engineering  and  Contracting,  Dec.  15,  1915  which  gives  the  substance  of 
replies  to  a  questionaire  conducted  by  Thomas  H.  Hooper,  Sup*t  of  Water 
Works,  Winnip^,  Manitoba. 

Baltimore. — Cast  iron  pipe  was  laid  in  Baltimore  as  early  as  1805.  The  old 
pipe  has  been  found  in  good  condition.  Electrolysis  has  been  found  the  worst 
enemy  of  cast  iron  pipe.  Reported  by  Robert  L.  Clenunitt,  Acting  Water 
Engineer. 

Boston. — The  oldest  cast  iron  pipe  was  laid  in  1848.  The  condition  of  this 
pipe  depends  upon  the  soil  in  which  it  was  laid.  Have  taken  out  pipe  in 
practically  perfect  condition,  as  far  as  condition  of  iron  goes,  after  60  years 
use.  In  other  cases,  in  bad  ground,  or  where  electrolysis  exists,  pipe  has  been 
destroyed  in  half  that  time.  Reported  by  F.  A.  Mclimes,  Div.  Eng.,  Pub. 
Works  Dep't. 

Chicago. — The  first  cast  iron  pipe  was  laid  in  1852.  Some  of  the  oldest  pipe 
has  been  found  in  excellent  condition  when  examined.  Very  little  deteriora- 
tion has  been  observed  unless  pipe  has  been  attacked  by  cinders  or  slag  flUing 
or  electrolysis.  These  cases  are  comparatively  rare.  Reported  by  John 
Ericson,  City  Engineer. 

Hamilton,  Out — The  first  pipe  was  laid  in  1859  which  on  examination  Is 
shown  to  be  In  good  condition  The  only  deterioration  has  been  from  elect- 
rolysis.    Reported  by  Thomas  Towers,  Sup't.  of  Water  Works. 

Minneapolis. — The  earliest  records  of  cast  iron  pipe  are  about  1874.  Old 
pipe  when  exposed  appears  to  have  suffered  no  depreciation.  A  piece  of  12-in. 
pipe,  32  years  in  service,  cut  out  to  pass  under  a  48-in.  pipe,  looked  like  new. 
The  coating  even  had  its  original  lustre.  Reported  by  J.  A.  Jensen,  Sup't 
of  Water  Works. 

Montreal. — First  cast  iron  pipe  was  laid  in  1852-4.  In  replacing  4  and  6-in. 
pipes,  which  had  been  in  use  over  55  years,  with  pipes  of  larger  diameter, 
to  meet  increased  demands  due  to  growth  of  city,  it  was  found  that  the  cast 
iron  was  in  good  condition  and  the  outside  appearance  almost  perfect.  In 
places,  the  area  was  much  reduced  by  tubercules  of  rust  or  calcareous  deposit 
and  silty  matter.  On  the  whole,  with  the  nature  of  Montreal  soil,  and  leaving 
out  the  particular  cases  where  electrolysis  (due  to  electric  tramways)  may 
effect  condition,  it  is  safe  to  say  that  the  cast  iron  pipes  last  as  long  as  their 
usefullness  will  warrant.  Reported  by  T.  W.  Lesage,  Eng. — Sup't.  of  Water 
Works. 

New  York  City. — Cast  iron  pipe  was  introduced  in  1815.  In  1915,  in  con- 
nection with  an  investigation  of  a  break  on  a  30-in.  main  some  of  the  old  pipe 
was  examined.  It  was  found  that  the  material  was  in  good  condition  and 
showed  hardly  any  depreciation.  It  was  estimated  that  this  main  was  made 
of,  what  is  known  as.  Scotch  iron  and  was  laid  about  1830.  Reported  by 
Merrit.H.  Smith,  Chi^  Eng.  Bureau  of  Water. 

Philadelphia. — The  first  cast  iron  pipe  was  laid  in  1817.  Pipes  recently 
taken  up,  laid  in  1817  and  1827,  were  removed  for  obsolescence  rather  than 
because  it  could  no  longer  perform  its  service.  Of  course  tubercles  and  in* 
crustations  were  found  on  the  interior  but  the  iron  showed  no  evidence  of 
deterioration.    Reported  by  Carlton  E.  Davis,  Chief  of  Bureau  of  Water. 
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attr. — ^The  first  pipe  was  laid  in  1872.    The  pipe  examined  at  frequent 
3  has  been  found  to  be  practically  in  as  good  condition  as  at  time  of 
Reported  by  B.  C.  Little,  Sup't  of  Water  Works. 
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—Diagram  for  determining  cost  of  cast  iron  pipe  per  foot  from  price  per 

ton  and  class  of  pipe. 

$U. — Physical  ccmdition  of  pipe  in  ground  over  60  years  in  almost 
itanee  has  been  found  good.  Reported  by  Frencis  T.  Cutts,  Asst, 
ommissioner. 
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Toronto. — Cast  iron  pipe  laid  in  1854  is  still  in  use  and  upon  examinatloa 
shows  little  depreciation  except  where  electrolysis  has  taken  place.  Reported 
by  R.  C.  Harris  Commissioner  of  Works. 

Diagram  of  Costs  Per  Foot  of  Cast  Iron  Pipe. — W.  E.  Miller  gives  the  forego- 
ing diagram  for  determining  the  cost  of  cast  iron  pipe  per  foot  for  different 
classes  of  pipe  and  at  different  prices  per  ton  in  the  Journal  of  the  American 
Water  Works  Assn.,  Sept.  1914. 

A  straight  edge  laid  across  the  diagram  so  as  to  lie  on  the  proper  points  of 
the  outer  scales  will  intersect  the  center  scale  at  the  result  sought.  For 
example:  With  pipe  costing  $26  per  ton.  considered  as  inclusive  of  fright 
and  cartage  if  desired,  6-in.  class  B  pipe  is  found  by  the  diagram  and  a  straight 
edge  to  cost  43  cts.  per  foot,  while  a  calculation  results  in  a  slightly  more 
accurate  figure  of  43.3  cts.;  similarly,  12-in.  class  B  pipe  at  the  same  cost  per 
ton  is  found  by  the  diagram  and  straight  edge  to  be  worth  about  $1.07,  white  a 
computation  gives  $1.0673  per  foot.  The  classes  of  pipe  mentioned  are  the 
American  Water  Works  Association  Standard. 

Care  is  to  be  taken  in  using  the  diagram  that  points  on  the  right-hand 
vertical  scale  be  used  for  size  and  class  of  pipe — not  the  points  under  the  claae 
letters. 

Similar  diagrams  may  readily  be  made  in  the  same  way  for  other  tables  of 
weights. 

Cost  of  Maintaining  Water  Mains. — (Engineering  and  Contracting,  April  13 
1910.)  The  city  of  Harrisburg,  Pa.,  had  in  1909,  67  miles  and  1,147  ft.  orsaj 
67.22  miles  of  water  mains.  The  cost  for  the  year  to  keep  these  mains  in 
repair,  change  them  to  new  grades  when  necessary,  change  hydrants  and  look 
after  9,000  meters  was  as  follows: 

Horses  and  wagons $    528. 47 

Supplies 443.  23 

Materials  and  repairs 1 ,  749. 44 

Salaries 4,907. 50 

Total.  . $7,628.64 

This  is  at  a  rate  of  $113.48  per  mile. 

Maintenance  Cost  of  Water  Distribution  System  of  Chicago. — (Engineering 
and  Contracting,  Mar.  10,  1920.)  The  cost  of  maintaining  the  2,871.57  miles 
of  mains  in  the  water  distribution  system  of  Chicago  amounted  to  $548,106 
in  1918,  an  average  of  $192. 15  per  mile.  In  1917  the  average  cost  was  $193.60. 
The  accompanying  diagram  (Jf^ig.  24)  reproduced  from  the  1918  report  of  the 
Department  of  Public  Works  gives  an  interesting  comparison  of  the  mainte- 
nance costs  for  the  years  1915  to  1918. 

Cost  of  Thawing  Ground  for  Trench  Work  by  Steam. — To  thaw  earth  thet 
is  frozen  to  a  depth  of  2  ft.  or  more  is  a  problem  that  often  confronts  a  water 
works  superintendent.  Edgar  S.  Smith,  superintendent  of  the  Water  Depert- 
ment  of  Pocatello,  Idaho,  solved  the  problem  in  a  simple  manner  and  at  a  cost 
of  less  than  10  ct.  per  foot  of  trench  for  thawing,  according  to  Engineering  and 
Contracting,  Aug.  8,  1917. 

The  ground  was  frozen  4>2  ft.  deep  and  in  24  hrs.  was  completely  thawed  to 
a  depth  of  2}'i  ft.  The  remaining  2  ft.  were  softened  sufficiently  to  be  easily 
picked.  The  method  of  thawing  consisted  in  laying  a  double  line  of  iyi4sL, 
pipe  over  the  trench  and  covering  it  with  6-in.  of  fine  sand.  Steam  was  tM 
into  the  pipe  from  a  traction  engine  boiler,  and  a  block  300  ft.  long  was  tliav$4~ 
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itting  at  the  ta^na.    It  took  about  2  bra,  to  ihitl  to  the  neit  blook, 
sand  and  cover  up  the  pipe,  udng  2  men  and  2  taaou. 
tol  dell;  cost  ot  thawing  the  Krouad  was  as  follows: 


Total  Ejipenditurea 
oE  mitlntensnc«  cost  of  water  db 
hicAgo,  toe  liie  years  1015  to  1»1S. 


Fth  of  trench  opened  p 


ckfill'material  must  either  tie  thawed  or  manure  must  be  laid  o'rer  the 
«  bolore  back-fllling  with  frozen  earth. 

BOCe  with  Trenching  Uachines  in  MusBichusettB.— At  the  annual 
iDTention  ot  the  New  England  WaWrworku  Associatiou  a  general 
I  sbout  the  use  ot  trenching  machines  tor  encavating  waterworks 
brooc^t  out  some  valuable  inlotmation.    George  W,  Batchelder, 
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Water  Commlaaloner  of  Warccater.  opened  the  diacuatdfMi  with  m  ptvK,  tha 
aubataoce  of  which,  as  given  In  Engloeering  and  Contracting,  Nor.  10,  1090. 
[oUows : 

Hichlne  Trenehinc  In  Worcester.— The  inachinB  la  a  Model  O,  purdused 
at  the  Austin  Drainage  Eicavator  Co.,  in  1613  at  a  coet  of  (7,000  lese  6  p» 
cfflit.  It  la  operated  by  steam,  and  was  selected  la  preteieoce  to  the  gasoline 
machine  because  ol  tbe  belief  that  there  would  be  less  trouble  In  Mtcuilng  opera- 
tois  who  could  handle  a  sleom  machine.  It  has  buckets  of  IS-in.,  24-ln.. 
30-ln.  and  35-10.  width,  and  In  each  case  the  cut  made  Is  B  In.  wider  because 
the  teeth  project  3  In.  on  eadi  side.  Trenches  can  be  cut  mutdi  wld«r  that 
the  buckets  by  banlng  down  the  material  on  each  side  of  and  In  advanca 
o(  the  bucketa. 

Tbe  ordinary  depth  to  iditch  the  machine  cuts  for  water  pipe  in  WonMrter 
is  G  ft.;  this,  of  courses  can  be  made  more  or  less  with  aTonee  from  0  to  12  ft. 
Beat  results  are  not  Qbtalned  at  the  eitreme  depth  because  the  boom  runs 
ao  neariy  vertical  that  the  buckets  spill  much  of  tbe  material  before  it  reocbea 
the  conveyor  belt.    Cuts  have  been  made  for  a  4S-lu,  pipe  line  with  eiceltait 

The  machine  haa  developed  no  weakness,  though  [t  has  been  used  In  very 
hard  digging.  It  has  done  all  of  tbe  trenching  practicable  in  Worceatar 
atreeta,  and  bas  been  rented  tg  other  municipalitlea  and  contractors.  QIvbq  a 
stralgbl  run  in  localltlBa  free  from  obatructlona.  the  machine  !b  at  ita  beat  and 
lua  cut  hundreda  of  feet  of  trench  In  a  day.  For  uae  in  the  installation  of  naw 
water  or  sewer  aystems  in  any  i!oil  except  rock,  it  will  go  ahead  so  fast  that  tha 
problem  la  to  keep  the  pipe  laid  within  haling  distance. 

Caii  Data  in  Hartford  and  Aab-uTn. — Examples  of  its  work  are  ahoim  Id 


HARTFORD,  CONN.,  IfllT 


1  19.  New  Pork  A 


.  lone,  3S  in.  wide,  G  ft.  deep,  5  hn. 
.  long,  36  in.  wide,  G  ft.  deep,  8  bra. 
.  long.  36  in.  wide.  G  It.  deep.  7  hn. 
.  Ions.  36  ia  wide.  5  ft.  deep.  8  bra. 
,  long,  24  in.  wide,  S  ft.  deep,  S  hn. 


AUBURN,  MASS.,  1920 


irae  gravel  A  u 
>e  gravel  A  hart 


.  165  ft.  Ii 
,  384  tt.  li 
.  43S  ft.  li 


2i.  Filled  land,  rocky '.'.'.'.'.'.    180  ft.'  long!  24  in!  widel  S  ti. 

This  total  excavation  amounts  to  34,190  cu.  yd.    Tbe  costs  of  th 
Operator,  tSS:  llreman.  S66i  freight,  t3S:  coal.  t48i  oQ,  etc,  S20: 
depredation,  ex,  labor,  (50.     Total,  (330- 


Coet  per  cu.  yd.,  eiol.  ri 


J  TEntol  priee IT.S    at*. 

and  labor  (eaUmated) U.O    ato. 


I 
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In  addition  to  the  work  done  in  Worcester  the  machine  lias  brought  in  a 
revenue  for  rentals  of  $9,011,  not  including  the  job  now  going  on  at  Auburn 
Mass.  The  total  cost  of  replacements  and  repair  parts  since  the  machine  was 
purchased  has  been  $3,864. 

The  machine  shows  no  unusual  signs  of  wear,  and  is  apparently  good  for 
many  years  of  service. 

Machine  Trenching  in  Springfield. — The  following  paper  was.  presented  by 
A.  L.  Martin,  Superintendent  of  the  Springfield  waterworks. 

Work  of  trenching  in  the  city  of  Spriugfield  is  done  by  a  Model  24  Parsons 
Excavator.  It  is  capable  of  cutting  a  trench  26  ia.  wide,  and  has  been  used 
mostly  in  preparing  trenches  for  laying  12-in.  pipe,  but  has  been  in  service  for 
as  high  as  24  and  even  30-in.  pipe.  The  soil  that  it  has  handled  has  been 
mostly  sandy  with  little  or  no  rock/ 

Tne  first  work  done  by  the  trencher  was  the  digging  of  a  trench  for  a  16-in. 
main,  and  in  this  work  300  or  500  ft.  per  day  weie  laid,  with  a  foreman  and 
eight  men  on  the  job.    A  backfiller  was  also  used. 

Excavating  Over  Oid  Water  Main. — ^Another  work  the  trencher  accomplished 
was  the  removal  of  2,700  ft.  of  an  abandoned  water  main.  As  this  was  i^ot  in 
use  and  as  pipe  was  at  a  premium  we  decided  to  take  it  up.  Wages  of  shovej- 
ers  at  this  time  were  67  ct.  per  hour,  and  the  economy  of  using  the  trencher  for 
this  purpose  can  easiiy  be  seen.  Twenty  actual  working  days  were  consumed 
in  the  labor.  The  trench  was  excavated  to  the  top  of  the  pipe,  then,  with 
men  to  loosen  the  side,  the  pipe  was  lifted  out.  Three  tons  or  lead  were 
salvaged  on  the  joints  of  this  pipe  line  and  the  actual  cost  of  the  pipe,  which 
was  in  good  condition,  was  (deducting  the  lead  saved)  $1  per  foot  including 
transportation  to  its  future  destination.  The  trench  dug  in  this  instance  was 
from  5^  to  6  ft.  wide  and  6  ft.  deep. 

Trenching  for  30-In.  Main. — In  digging  the  trench  and  lowering  the  30-ln. 
pipe  the  process  was  to  dig  one  side  and  then  break  the  sides  on  the  other. 
The  trench  was  6  ft.  wide  and  8  ft.  deep,  and  the  speed  of  operation  was  400  ft. 
in  four  days.  In  accomplishing  this  work,  bars  were  left  at  intervals  to  hold 
the  pipe  and  then  finally  dug  away  by  hand,  so  that  the  pipe  lowered  itself. 

The  cost  of  the  trencher,  which  is  operated  by  gasoline,  was  $7,800. 

It  was  found  that  when  left  alone  after  working  hours  and  at  night  the 
trencher  was  apt  to  be  tampered  with  by  curious  persons  or  mischievous  boys. 
A  watchman  would  cost  $35  per  week.  A  cage,  placed  entirely  around  the 
machine  and  made  of  strong  steel  wire,  much  like  that  used  in  the  cages 
around  the  cashier's  offices  in  banks,  fulfilled  the  object  it  was  devised  for  and 
cost  about  $400. 

The  operator  of  the  trencher  is  paid  80  ct.  per  hour,  and  the  assistant  70  ct. 

Cost  of  Machine  Trenching  for  Water  Mains  at  Erie^  Pa. — By  using  a 
treaching  machine  the  Water  Department  of  Erie,  Pa.,  has  overcome  diffi- 
culties incident  to  the  labor  shortage  and  at  the  same  time  has  effected  a  large 
saving  in  excavating  for  water  main  extensions.  A  report  on  the  work  of  the 
machine,  prepared  by  E.  W.  Humphreys,  Superintendent  of  Waterworks, 
and  abstracted  in  Engineering  and  Contracting,  May  8, 1918,  shows  that  it  has 
dug  trenches  5H  and  6  ft.  deep  at  a  cost  as  low  as  0.9  ct.  per  lineal  foot. 
This  particular  trench  was  dug  in  hard  clay.  The  figure  covers  the  wages  of 
operator  and  helper  and  the  cost  of  gasoiine,  oils  and  grease.  In  laying 
10,000  ft.  of  6  in.  main  in  1917  the  cost  of  hand  digging  aione  was  19  ct.  per 
ttneal  foot,  with  conmion  labor  at  27M  ct.  per  hour.  The  hand  dug  trench  was 
in  day  with  shale  at  the  bottom. 
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The  accompanying  tabulation  shows  work  done  by  the  machine  at  variouB 
times  from  May  1,  1917.  to  Jan.  3,  1918: 

Cost 

Trench per  Un. 

Le.   De.  Wi.      Kind  of  material  ft.  of 

ft.     ft.     ft.  excavated  trench 

Ranlcine  Ave.,  N 1 ,000  5H  2  Running  sand  and  gravel. . .  $0. 065 

Rankine  Ave.,  S 800  5H  2  Hard  siiale 036 

22d  W.  Cranberry 665  6  2  Hard  clay 010 

28th  W.  of  Sigsbee 652  6  2  Clay  loam 010 

Cherry  N.  of  30th 360  5H  2  Clay  and  gravel 012 

5th  W.  Raspberry 400  5H  2  Sandy 014 

27th  W.  Cascade 420  5 H  2  Hard  clay 009 

Old  French  Road 230  6  2  Hard  clay 009 

The  costs  given  in  Table  XXV  are  the  actual  operative  costs,  exdusive  of 
overhead,  depreciation  and  repairs,  and  pay  of  watchman.  The  costs  in 
detail  for  each  of  these  jobs  follow: 

Table  XXV 

Per 
Kn.  ft. 
Rankine  Ave.,  N.  (1,000  lin.  ft.  trench) treiudi 

Operator,  62  hr.  at  32H  ct SO.  0200 

Helpers,  115  hr.  at  30  ct 0345 

GasoUne,  39  gal.  at  24H  ct 0090 

Oils,  4  qt.  at  9H_ct 0004 

Grease,  2  lb.  at  7H  ct 0001 


Total  (1,000  Un.  ft.) SO.  0640 

Ranking  Ave.  S.  (800  lin.  ft.  trench) 

Operator,  26  hr.  at  35  ct SO.  0114 

Helper,  38  hr.  at  28  ct 0130 

GasoUne,  35  gal.  at  25  ct 0109 

Oils,  4  qt.  at  llM  ct 0006 

Grease,  1  lb.  at  9  ct 0001 

Total  (800  Un.  ft.) SO.  0880 

22nd  W.  of  Cranberry  (665  Un.  ft.  trench) 

Operator,  4  hr.  at  35  ct SO.  002 

Helper,  4  hr.  at  32H  ct '. 002 

GasoUne,  15  gal.  at  25  ct 006 

Oils,  3  qt.  at  llH  ct 

Grease,  1  lb.  at  9  ct 

Total  (665  Un.  ft.) SO.  010 

28th  W.  of  Sigsbee  (652  Un.  ft.  trench) 

Operator,  3  hr.  at  35  ct. SO. 002 

Helper,  3  hr.  at  27  ct 002 

GasoUne,  12  gal.  at  25  ct 005 

Oils,  4  qt.  at  llH  cf;  grease,   1  lb.  at  9  ct 001 


Total  (652  Un.  ft.) SO. 010 

Cherry  N.  of  Cranberry  (360  lin.  ft.  trench) 

Operator,  2  hr.  at  35  ct SO.  OOS 

Helper,  2  hr.  at  27H  ct 002 

Gasoline,  10  gal.  at  25  ct 007 

Oils,  3  qt.  at  1 1 H  ct. ;  grease,  1  lb.  at  5  ct . .  001 


Total  (360  Un.  ft.) SO.  018 

5th  W.  of  Raspberry  (400  lin.  ft.  trench) 

Operator,  3  hr.  at  45  ct SO.  008 

Helper,  3  hr.  at  33  ct 002 

GasoUne,  12  gal.  at  27  ct 006 

Oils,  1  gal.  at  10  ct. ;  grease,  1  lb.  at  5  ct 001 


Totel  (400  Un.  ft. ) SO.  0014 
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Per 
lin.  ft. 
27th  W.  of  Cascade  (420  tin.  ft.  trench)  trench 

Operator,  2  hr.  at  45  ct $0. 002 

Helper,  2  hr.  at  35  ct 002 

GasoUne,  8  gal.    at  25  ct :i. 005 

Oils,  l"qt.  at  10  ct 

Grease,  1  lb.  at  5  ct 

Total  (420  tin.  ft.) $0. 009 

Old  French  Road  (230  tin.  ft.  of  trench) 

Operator,  1  hr.  at  45  ct $0. 002 

Helper,  1  hr.  at  35  ct 002 

Gasotine,  4  gal.  at  25  ct 005 

Oils,  1  qt.  at  10  ct 

Total  (230  tin.  ft.) $0. 009 

The  figures  on  the  last  six  Jobs  represent  the  actual  time  the  machine  was 

engaged  in  trenching.     On  the  old  French  Road  work  230  tin.  ft.  of  trench  was 

excavated  in  one  hour,  while  in  the  27th  St.  work  210  ft.  of  trench  was  dug  in 

one  hour.    A  summary  of  the  operating  costs  on  the  six  jobs  shows   the 

following: 

Per 
tin.  ft. 
6  jobs  trenching  (2,727  tin.  ft.)  trench 

Operator.  15  hr.  at  39  ct $0. 0021 

Helper.  15  hr.  at  31H  ct 0017 

Gasotine,  61  gal.  at  25.1  ct 0060 

Oils,  13  qt.  at  11  ct 0005 

Grease,  5  lb.  at  6H  ct 0001 

Total  (2,727  tin.  ft.) SO.  0104 

The  trenching  machine,  a  Pawling  &  Hamischfeger,  was  purchased  by  the 
Water  Department  early  in  1917  at  a  cost  of  $5,650  f.  o.  b.  Erie. 

Cost  of  Excavating  and  Backfilting  Trench  by  Machines. — Engineering 
News-Record,  May  24;  1917,  gives  the  foUowing.  The  excavating  was  done 
by  a  municipally  owned  Austin  excavator  which  will  dig  a  trench  72  in.  wide 
and  cost  $10,000. 

The  cost  of  operating  this  excavator  66  working  days  for  a  54-in.  force 
main,  at  an  average  depth  of  11  ft.,  was  $3665,  divided  as  follows:  Repairs, 
1808;  coal  and  oil,  $549;  labor,  $2308.  The  volume  of  material  excavated, 
baaed  on  daily  reports,  was  39,200  cu.  yd.,  or  by  computation  on  approximate 
sections,  43,700  cu.  yd.  The  cost  per  cubic  yard,  based  on  the  daily  reports, 
was  9.3  cents. 

Labor  was  paid  as  follows:  Foreman,  $4.50;  timekeeper  (one-fourth  of  his 
time,  as  he  was  on  four  jobs),  $1 ;  engineer,  $4;  watchman.  $3;  fireman.  $2.75; 
laborers,  $2.50;  team.  $5.  The  cost  of  repairs  was  thus  divided:  Labor, 
1358;  repair  parts,  $352;  repair  work  at  local  shop.  $98. 

Co9t  of  Back/Uling  by  Steam  Shovel. — Backfilling  was  done  by  means  of  a 
amall  steam  shovel.  The  job  was  in  the  outskirts  of  the  city,  and  the  excess 
dirt  was  easily  disposed  of.  Cost  figures  are  not  available,  but  on  another  job 
In  a  built-up  part  of  the  city  the  backfilling  of  a  48-in.  main  9520  ft.  long 
cost  $1146,  or  4.8  cents  per  cu.  yd.  The  cross-section  averaged  75.3  sq.  ft 
eroas,  or  62.8  net,  for  backfill,  after  deducting  12.5  sq.  ft.  for  the  48-in.  pipe. 
TtkBfe  were  22,143  cu.  yd.  in  the  trench  and  1590  cu.  yd.  in  bell  holes,  making  a 
total  backfill  of  23,733  cu.  yd.  against  a  total  excavation  of  29,757  cu.  yd. 
26 
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The  cost  of  the  backfilling,  plus  the  hauling  away  of  excess  material  (6024 
cu.  yd.)  and  the  refilling  of  the  street  surface,  was  $6302,  or  a  unit  cost  of 
21.2  cents.  The  cost  of  removing  excess  material  and  refinishing  the  street 
surface  was  $0,839  per  cu.  yd.,  a  high  cost  due  to  long  haul. 

The  steam  shovel  engineer  was  paid  $6  a  day.  Other  daily  wages,  all  fOr 
8  hours,  were:  Foreman,  $2.75;  watchman,  $3;  assistant  foreman,  for  hmiUng 
material  away,  $3;  teams,  $5;  and  two  pitmen,  $2.50  each. 

Saving  Efifected  by  Using  Excavating  and  Pipe  Laying  Machinery. — The 
following  data  are  taken  from  Engineering  and  Contracting,  Feb.  12,  1019. 

Trenching  and  backfilling  machines  were  first  employed  by  the  Detroit 
Water  Department  in  1916,  and  in  1917,  and  their  value  was  so  fully  demon- 
strated that  more  equipment  was  purchased. 

In  his  report  for  the  year  ending  June  30,  1918,  Geo.  H.  Fenkell,  General 
Manager  of  the  Water  Department,  gives  the  following  table  showing  the 
saving  effected  by  the  use  of  machines: 

All  hand  labor — Dug  and  backfilled  by  machine  — 

Saving 
Total  •  Total  by 

Feet         labor       Cost  per      Feet         labor       Coet  per    macnine 
Sise — Ins.      laid  cost  ft.  laid  cost  ft.  per  ft. 

6  59.238  $35,095  $0.59  60,407  $21,118  $0.35  $0.24 

8  33.161  19.108  .58  31,007  12,550  .40  .18 

12  4,628  5.159  1.11  5,863  2.845  .49  .02 

16  797  1,291  1.62  13,011  12,852  .99  .68 

On  the  42-in.  and  48-in.  pipe  lines  a  material  saving  was  effected  by  the  use 
of  mechanical  appliances  to  replace  hand  labor.  The  following  are  some  of  the 
most  striking  instances,  the  figures  being  based  upon  the  prevailing  scale 
of  wages: 

Labor  per  foot  in  laying  42-in.  and  48-in.  pipe  will  average  $8.70  by  hand, 
and  $3.50  by  machinery;  caulldng  averages  $1.32  per  joint  by  hand  ami  $0.49 
using  pneumatic  hanuners;  handling  and  lowering  each  pipe  by  hand  labor 
averages  $6.70  and  $1.88  using  the  steam  crane.  Backfilling  ditches  on  small 
lines  costs  about  9  ct.  per  lineal  foot  by  hand  and  3H  ct.  per  foot  by  machine. 

A  Scraper  fpr  Backfilling  Trenches. — S.  Leonard  Cyphers  gives  thefoUoiwing 
data  in  Engineering  and  Contracting,  July  23,  1913. 

The  "Go-Devil"  as  it  was  called  by  the  originator,  was  used  on  the  154- 
mile  oil  pipe  line  near  Los  Angeles  to  minimize  the  cost  of  back-filling  the  dlidi. 
This  ingenius  device  was  designed  and  first  used  by  James  R.  Kelly,  Buper- 
intendent  for  Mahoney  Brothers,  Contractors,  San  Frandsco,  on  the  con- 
struction of  the  8-in.  oil  pipe  line  built  by  the  General  Petroleum  Go.  from 
Shale  in  the  Midway  oil  fields  of  California  to  San  Pedro  on  the  coast.  It  wbs 
found  to  be  such  a  success  and  money  saver  that  it  was  adopted  by  other 
contractors  in  similar  work. 

The  appliance  illustrated  was  made  of  a  share  taken  from  a  little  Western 
Road  Grader  and  a  handle  was  attached  in  the  manner  shown.  Chains  were 
attached  to  each  end  of  the  share  by  means  of  hooks  designed  to  shortMl 
or  lengthen  the  chains  when  it  became  necessary  to  reverse  the  action  of  tilt 
blade  on  return  work  upon  the  ditch.  It  is  drawn  by  four  head  of  stock 
attached  as  shown.  The  stock  are  hitched  in  pairs,  one  pair  being  drivaiti 
on  the  dirt  to  be  turned  into  the  ditch,  the  other  pair  on  the  opposite  side  of 
the  ditch  and  pulling  at  an  angle  of  20°  to  30"  away  from  the  center  line  of 
the  ditch. 
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The  labor  lequired  consisted  of  a  teamster  and  one  other  man  ^liiose  duty 
it  was  to  guide  the  share  by  means  of  the  himdle.  In  operation  the  share 
runs  at  an  angle  of  20^  to  40*^  to  the  center  line  of  the  ditch,  so  that  in  effect 
its  action  is  similar  to  a  plow  in  throwing  a  furrow. 

From  data  k^t  by  the  writer,  covering  a  period  of  several  months,  and 
from  su(^  sections  of  the  previously  mentioned  line  where  the  use  of  this 
"  Gk>-Devil"  was  practicable  the  following  facts  appear: 


Section  BB 
Showing  5h0e 


fI!I!Ifljflff!I[/!l!! 

'ofnsciionofpiiU 


Fia.  25. — Scraper  for  backfilling  trench. 


By  means  of  this  device,  two  men  and  four  head  of  stock  were  abje  to  fill 
approximately  5,000  ft.  of  ditch,  3  ft.  deep  and  IH  ft.  wide  in  a  day  of  nine 
houis  at  a  cost  as  follows: 

4  head  of  stock $10.  00 

1  teamster 4 .  00 

1  laborer 3.  50 


Total $17.  50 

This  shows  a  cost  of  about  0.2  ct.  per  cubic  yard.  These  figures  were  taken 
where  runs  were  at  least  one  mile  long.  Under  different  circumstances,  the 
figures  would  necessarily  vary. 

The  difiGUniity  encountered  in  the  use  of  the  Go-Devil  has  usually  been 
oi  an  attempt  to  move  too  much  dirt  at  one  time,  and  also  because  of 
inability  to  properly  handle  the  stock.  Four  to  six  rounds  are  necessary  to 
fin  and  crown  a  3  or  4  ft.  ditch.  Upon  the  completion  of  this  number,  the 
tttch  flbould  be  xoimded  up  as  well  as  can  be  done  by  hand. 
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Table  for  Bstiiiiating  Water-Main  Extension  Costs. — ^Allen  F.  Brewer  gives 
the  foUowing  data  in  Engineering  News-Record,  May  9,  1918. 

Table  XXYI  shows  how  an  itemized  calculation  for  unit  costs  of  water 
mains  may  be  prepared.  The  figures  quoted  have  been  assumed  arbitrarily, 
merely  to  serve  as  an  example. 

Such  a  tabular  estimate  is  of  much  value  where  afiOrmative  action  is  required 
of  a  State  Public  Utility  Commission  before  the  company  may  legally  charge 
for  water  supplied  by  any  new  extension.  It  will  lessee  the  work  of  the 
commission's  valuation  engineers  markedly,  usually  doing  away  with  all 
Investigation  on  their  part  except  for  a  cursory  check  of  the  data  subndtted. 

Tablb  XXVI. — Manner  of  Derivinq  Unit  Costs  op  Items  Involved  ts 

Water  Main  Extensions 

Size  of  pipe  in  inches 

Item  and  description 4  6  8  10  12 

Weight  per' foot,  lb 19.  33       30.  25       42. 08       55. 91       73. 83 

Cost  of  pipe  per  ton,  f.  o.  b.  siding .  $27.50     $26.00     $25.50     $25.25     $25.25 
Cost  of  specials  at  3%  of  cost  of 

pipe 83  .78  .77  .76  .76 

Total  cost,  pipe  and  specials,  per 

ton 28. 33       26. 78      26. 27       26. 01       26.01 

Carting   from   cars   to   trench   at 

$1.00  per  ton 1.00         1.00         1.00         1.00         1.00 

Cost  per  ton,  delivered 29.  33      27.  78       27. 27       27. 01       27. 01 

Cost  per  foot,  delivered 284         .  420         .  573         .  755         .  098 

Joint  material  (lead  and  cement), 

per  jt $  0.  300  $  0.  500  $  0. 700  $  0. 900  $  1. 100 

Joint  material  as  above,  plus  5% 

for  extras 315         .  525         .  735         .  945       1. 156 

Joint  material  as  above,  per  foot 

(1-12  of  above) 026         .044         .061         .070.        .096 

Misc.  material  (blocks,  fuel,  etc.), 

per  ft $  0.002  $  0.002  $  0.003  $  0.003  $  0.004 

Total  material,  per  ft $  0.  312  $  0. 466  $  0.  637  $  0.  837  $  1.098 

Storeroom  expense  (3%  of  mater- 
ial cost) 009         .014         .019         .  025         .  033 

Total  material  cost $  0.  321  $  0. 480  $  0.  656  $  0.  862  $  1. 181 

Labor: 

Average  width  of  trench,  ft 1.5  1.66         1.75         1.83         2.0 

Total  depth  of  trench,  ft 3.42         3.57         3.75         3.91         4.08 

Contents  of  trench  per  foot,  cu.  ft .       5.13         5.  95         6.  57         7. 17         8. 16 
Contents     of     trench     per     foot, 

cu.  yd 19  .22  .243         .265         .308 

Trenching  and  backfilling  (at  60c. 

per  yd.),  per  ft 114         .132         .146         .169         .182 

Laying,    calking,    setting    valves, 

etc 023         .027         .030         .035         .  040 

Total,  labor  laying  pipe $  0. 137  $  0. 159  $  0. 176  $  0. 194  $  0. 222 

Tools,  carting,  lost  time,  overhead, 

etc.  (10%  of  above) $  0.014  $  0.016  $  0.018  $  0.019  $  0.022 

Total  labor  cost $  0.  151  $  0. 175  $  0. 194  $  0.  213  $  0.244 

Total  labor   and  -  material   costs, 
per  ft $  0.472  $  0.665  $  0.860  $  1.075  $  1.875 
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Cost  of  Laying  Cast  Iron  Water  Pipe  in  the  City  of  Chicago.— Table  XXVII. 
published  in  Engineering  and  Contracting,  Oct.  11,  1911,  is  a  result  of  the 
compilation  of  the  cost  of  laying  cast  iron  water  pipe  in  the  city  of  Cliicago 
for  a  period  of  10  years.  The  costs  were  compiled  in  the  City  Engineer's 
office  from  careful  records  of  contract  work.  The  table  has  since  been  used 
as  a  checlc  on  later  work  and  has  been  found  to  be  very  close.  The  rates  of 
wages  for  all  men,  and  the  prices  of  all  kinds  of  material  are  given  so  that  by 
the  substitution  of  present  rates  and  prices  a  very  close  estimate  can  be  made. 


Table  XXVIX^ — Appboximate  Cost  op  Latino  Cast  Ibon  Wateb  Pipe  in  the 
Items  City  of  Chicago 

Size  of  pipe  in  inches 

Weight                                                                          4             6               8  10 

Pipe  per  12  ft.  length 290  420  555  756 

Pipe  per  ft.  in  lbs 26  35             47  63 

Yarn  per  joint  in  lbs 19  .36  .50  .50 

Yarn  per  ft.  in  lbs 016  .  03  .  042  .  05 

Lead  per  joint  in  lbs 6               8             11  13 

Lead  per  ft.  in  lbs 50  .67  .92  1.08 

Cost 

Pipe  per  ft.  at  $23  per  ton 29  .  4025  .54  .73 

Yarn  per  ft.  at  .08  cts.  per  lb 0013  .0024  .0034  .004 

Lead  per  ft.  at  .05  cts.  per  lb 025  .  0335  .  046  .  054 

Teaming  at  $1.00  per  ton 0125  .0175  .0235  .0315 

Excav.  and  refilling  6-ft.  trench 095  .120  .130  .16 

Pipe  laying,  caulking  and  cutting 015  .  02  .  025  .  028 

Total  cost  for  average  work  per  ft 439       .  596         .  768       1 .  01 

Ad.   cost  for  blocking  and  if  needed  for 

bracing 04.       .05  .08  .11 

Cost  of  setting  valves 1 .  00       1 .  25         1 .  50         

Cost  setting  single  hyd.,  12  ft.  4-in.  pipe ....      8.  50     Special  castings  at  2H  eta. 

per  lb. 
Cost  setting  double  hyd.,  12  ft.  6-in.  pipe.  ..    13.50     Special  castings  at  2^  cts. 

per  lb. 
Cost  building  hydrant  and  valve  basins ....    30.  00       

Specials  not  included  in  above. 

Repaving  per  square  yard :  Cedar  block  on  plank  or  on  crushed  stone,  50  cts. : 
brick  on  concrete,  $2.00;  macadam,  9  ins.  deep,  40  cts.;  12  ins.  deep,  50  cts.; 
granite  block,  $1.50;  asphalt,  $3.00; 

Rock  requiring  blasting  will  cost  an  average  of  $3.00  per  cu.  yd. 
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4.05 

5.175 

7.61 

8  97 

.005 

.0056 

.0066 

. 00736 

.010 

.012 

.0144 

.017 

.02 

.067 

.0835 

.10 

.117 

.160 

.250 

.335 

.525 

.60 

.0415 

.051 

.0625 

.067 

.125 

.176 

.225 

.331 

.39 

.200 

.21 

.220 

.24 

.30 

.40 

.46 

.48 

.50 

.03 

.045 

.07 

.09 

.20 

.25 

.30 

.40 

.50 

1.30 

1.565 

1.90 

2.28 

3.67 

5.14 

6.50 

9.36 

10.98 

.13 

.13 

.16 

.20 

.25 

.30 

.40 

.45 

.50 

s.ao 

3.00 

4.40 

6.15 

8.40 

12  00 

u 
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The  costs  (Table  XXVII)  are  based  on  the  following  rates  fm  l«bor  aud 
material. 

8  hrs.  a  ^y's  work. 
Foreman,  $3.75  per  day. 
Caulker,  $2.50  per  day. 
Timekeeper,  $2.75  per  day.    ■ 
Laborer,  $2.25  per  day. 
Watchman,  $2.00  per  day. 

Mason,  $4.00  per  day. 
Helper,  $2.50  per  day. 
Brick,  $6.50  per  M. 
Timber,  $16  per  M. 
Cement,  $2.25  per  bbl. 
Band,  $1.25  per  cu.  yd. 

Hydrant  covers,  $6.75  ea. 

Valve  covers,  $7.50  ea. 

Bottoms,  $1.50  ea. 

4-in.  valves,  $14.00  ea. 

6-in.  valves.  $18.00  ea. 

8-in.  valves,  $  35.00  ea. 

Hydrants,  ea.  Dbl.,  $38.00;  Sgl.  $26.00      - 

Cost  of  Water  Mains  at  Los  Angeles. — Table  XXVIII  from  the  last  aonnal 
report  of  Thos.  Brooks,  Assistant  Superintendent  and  published  in  Engineeiy 
ing  and  Contracting,  March  12,  1919,  shows  the  cost  of  laying  4-in.  and  (Mn. 
cast  iron  pipe  in  6  months'  periods  from  July  1,  1011,  to  July  1,  1918: 

Table  XXVIII 

Av.  cost      Av.  cost 

of  pipe        of  labor      Average    Total  cost 
Year  per  ton       per  foot       per  foot         per  ton 

4-inch 

1011 $32.70  $0.0967  $0,519  $51.90 

1912 33.88  .0995  .548  51.46 

1912 35.05  .1189  .607  56.05 

1913 36.22  .1144  .603  66.62 

1913 32.42  .107  .553  61.10 

1914 32.42  .109  .544  60.27 

1914 33.13  .122  .647  69.77 

1915 30.17  .145  .620  67.18 

1915 28.85  .145  .626  67.68 

1916 31.96  .145  .660  60.88 

1916 38.40  .161  .741  68.88 

1917 43.66  .174  .807  74.42 

1917 55.60  .175  .93  86.62 

1918 75.17  .173  1.14  106.61 

6-inch 

1911 31.60  .133  .776  48.98 

1912 33.71  .127  .782  49.48 

1912 33.04  .163  .869  61.68 

1913 33.93  .1595  .855  61.42 

1913 31.24  .164  .822  49.84 

1914 31.24  .170  .836  60.18 

1914 31.20  .149  .833  60.06 

1915 28.60  .160  .799  48.01 

1915 31.09  .171  .878  62.71 

1916 33.72  .171  .941  58.64 

1916 34.65    .         .182  .977  68.71 

1917 40.11  .212  1.07  04.28 

1917 41.43  .221  1.11  66.71 

1918 44.92  .242  1.26  76.28 

It  will  be  noted  from  the  table  that  the  increased  labor  cost,  as  miglat  ba 
expected,  keeps  pace  with  the  increasing  cost  of  material.  The  day  wage  haa 
been  raised  from  $2.25  to  $2.50  to  $2.75  and  $3,  but  while  wagea  ha^e  boan 
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increased,  the  effldency  ahows  a  decrease  of  possibly  one-thiid  from  old 
standards.  Foremen  with  gangs  of  leas  than  half  the  normal  number,  and 
many  small  instead  of  long  straight-away  jobs  also  show  their  effect  on  unit 
costs  which  in  the  last  year  reached  the  maximum. 

Owing  to  the  war  conditions  the-  tonnage  of  cast  iron  pipe  laid  in  the  fiscal 
year  1917-18  by  the  Construction  Department  was  the  smallest  of  any  year 
in  the  history  of  the  Department.  Only  1,435  tons  were  laid  as  against  4,036 
tons  for  the  year  preceding  and  6,420  tons  for  the  year  1915-16.  Of  this 
tonnage,  approximately  two-thirds  was  in  4  and  6-in.  sizes.  The  tonnage 
represents  a  footage  of  75.799  ft.,  or  14.36  mUes,  laid  at  a  total  expenditure  of 
$103,464.  In  1915-16  the  average  cost  of  cast  iron  pipe  laid,  including  resur- 
facing costs  was  $50.93;  in  1916-17  this  had  increased  to  $60.60  per  ton  and 
for  the  year  ending  July  1,  1918,  the  charges  had  mounted  to  $72.10  per  ton. 

Cost  of  Laying  Water  Mains  at  Hartford,  Conn. — During  the  1919  season 
the  Water  Conmiissioners  of  Hartford,  Conn.,  laid  37,400  ft.  of  4-in.  to  4.2- in. 
main  pipe.  Of  this,  3,234  ft.  were  renewals  and  34,  166  ft.  were  extensions. 
The  force  employed  consisted  of  two  foremen  and  a  total  average  gang  of  42 
men.  The  following  table  given  in  Engineering  and  Contracting,  Dec.  8, 
1920,  is  from  the  report  of  the  Commissioners  for  the  year  ending  March  1, 
1920,  and  shows  the  average  costs  of  main  pipe  work  in  19 19,  and  a  comparison 
with  previous  years: 

Coet  per  linear  foot 

1919 

Lenath  Mat'l 

laid  incl. 

%se.          1919,  transpor-                     1918         1917       1916       1915 

inches         feet  Labor      tation       Total       Total       ToUl    Total      Total 

4  411  $0.74  $1.06  $1.80       $ $1.20  $0.81     $ 

6  3,560  0.88  1.72  2.60  2.43     1.46  1.26 

8  10.160  0.92  2.20  3.12  3.45  2.41  1.66  1.62 

10  3,773  1.31  3.22  4.53  •4.72  3.00  2.15  1.93 

12  '            539  1.72  3.71  5.43  4.15  4.12  2.82  2.43 

16  547  1.38  8.17  t9.55  6.17  4.92  4.58     

*  Includes  some  macadam,     f  Two  special  bridge  croesings. 

Labor $     3.  55  for  eight  hours 

Pipe 60. 00  per  ton 

Specials 110. 00  per  ton 

Lead 0. 09  per  pound 

No  overhead  charges. 

Only  a  small  amount  of  pipe  lajring  was  done  during  1918  by  the  Water 
Department  of  Hartford,  Conn.,  due  to  lack  of  building  and  absence  of  re- 
quests for  extensions.  The  cost  of  this  work  was  very  much  in  excess  of  any 
Iirevious  figures  of  the  department,  due  to  high  wages,  excessive  cost  of  mate- 
rials and  difficulty  in  obtaining  proper  labor.  The  following  table  given  in 
Engineering  and  Contracting,  May  12,  1920,  is  from  the  report  of  Caleb  Mills 
Saville,  Manager  and  Chief  Engineer  of  the  Department,  and  shows  the 
iTerage  figures  for  costs  in  1918. 

— = Cost  per  lin.  ft. 

Length  laid  Material  in- 

Siie,  in.  1918,  ft.  Labor  eluding  cartage      Total,  1918 

6  1,736  0.83  1.31  2,14 

8  5,431  1.45  2.14  3.59 

10  3,561  1.37  3.56  4.93 

12  336  1.11  3.04  4.15 

16  570  1.29  4.88  6.17 


$3.00 

44 

23.00 

183 

3.95 

82 

12.00 

50 

10.00 

15.75 

100 

22.50 

25.06 

33.40 

100 

33.10 
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The  1918  costs  are  based  on  the  following:  Unskilled  labor,  average  $3^ 
for  8  hours;  pipe,  $60  per  ton;  specials,  $110  per  ton;  lead,  9  ct.  per  pound;  no 
overhead  charges. 

The  following  table  shows  relative  costs  before  the  war  and  during  1918. 

InoreaBe 
1918  1915  pot. 

Labor,  average  of  45  permanent  employes,  per 

8-hour  day $  4. 30 

Cast  iron  pipe  per  ton 65. 00 

Lead  per  100  lbs 7. 15 

Meters  (^  in.) 18. 00 

Valves,  6  in 20. 00 

Valves,  Sin 31.40 

Valves,  10  in 49. 00 

Hydrants  2-way 49. 90 

Hydrants  2-way  steamer 54.  75 

Hydrants  4-way 66. 10 

Cost  of  Laying  1$  miles  of  20-in.  Cast  Iron  Water  Pipe. — M.  V.  MoultOD 
in  Engineering  and  Contracting,  Oct.  26,  1910,  gives  the  cost  of  laying  tha 
20-in.  supply  main  for  the  city  of  Cheyenne,  as  follows: 

Labor  Cost  of  Laying  83,328H  Ft.  of  20-in.  Cast  Ibon  Watkb  Maxbt 

Per  lin.  ft. 
Item  Total  ots. 

192K  dys.  No.  O  excavator  at  $10 $  1,922.  50  '5. 24 

146  dys.  No.  1  excavator  at  $16 2,336. 00  t6. 84 

2,910  dys.  E.  &  C.  bell  holes  at  $2.50 7,275.00  8. 73 

949.8  dys.  laying  pipe  at  $2.50 2,374.  60  2. 84 

199  dys.  yarning  at  $3.50 696.  50  0. 79 

190  dys.  lead  heating  at  $2.75 522. 50  0. 68 

174H  dys.  pouring  at  $2.75 479. 87  0.68 

219  dys.  caulking  at  $3.50 766. 50  0.92 

237H  dys.  helper  at  $2.50 593. 75  0. 71 

116  dys.  testing  at  $3 348.00  *0.42 

304H  dys.  refilUng  at  $7.50 2,284. 00  2.74 

453  dys.  foreman  at  $4 1 ,812. 00  2. 18 

410  dys.  teams  and  teamsters  at  $5 2,005. 00  2. 40 

147  dys.  blacksmith,  at  $4 588. 00  0. 70 

Pumpmen 119.00  t99.2 

Total $24, 123. 12 

•  Figured  on  36,700  lin.  ft.  t  Figured  on  39,600  lin.  ft.  t  Figured  on  1,300 
lin.  ft. 

Extra  Work  in  Laying  83,328H   Ft.  of  20-in.  Cast  Ibon  Watu  IAaww 

Item  Total 

Rock  excavation  near  intake $      48. 00 

Rock  excavation  west  of  Round  Top 877. 80 

Cutting  ofif  176  pipe ,  70. 40 

Extra  fill  near  intake 168. 80 

Extra  depth  of  trench 608. 00 

Diverting  creek 88. 86 

Replacing  broken  pipe 880. 00 

Hauling  pipe 131. 48 

Total $2,867.82 

Adding  these  two  totals  gives  $24,123.12  +  2,357.32  -  $26,480.44,  wfaUll 
divided  by  83,  328.5  lin.  ft.  gives  a  cost  of  31.8  cts.  per  lin.  ft.    The  oontnol  fi 
price  was  39  cts.  per  lin.  ft. 
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The  wages  paid  did  not  always  correspond  to  the  scale  adopted  therein, 
but  in  most  cases  the  average  wages  paid  will  be  about  the  same  as  those  given. 
An  exception  is  the  cost  of  teams  for  backfilling,  the  actual  cost  of  teams  for 
refilling  during  May  and  June  being  $9.50  for  a  team  and  two  men.  Final 
estimate,  including  all  previous  estimates  and  extras  allowed  Messrs.  Bash 
and  Gray,  was  $35,246,62,  making  the  actual  cost  to  the  City  of  Cheyenne  a 
little  more  than  $.42  per  lin.  ft.  The  average  weight  of  the  20-in.  pipe  was 
1,631  lbs.,  and  the  cost  of  the  pipe  delivered  on  the  line,  including  hauling, 
transportation  and  cost  of  material,  was  $29.70  per  ton,  or  $2.02  per  lin.  ft., 
making  the  total  cost  of  the  line  when  completed  $2.44  per  lin.  ft. 

So  far  as  possible,  the  trench  excavation  was  done  by  a  No.  0  and  a  No.  1^ 
Municipal  Trenching  Machines.  The  former  was  driven  by  a  4-cylinder 
gasoline  engine  and  was  capable  of  digging  a  trench  28-ins.  wide  and  7  ft.  deep. 
The  No.  1  was  a  steam  driven  machine  capable  of  digging  a  trench  2S-ins.  wide 
and  10-ft.  deep. 

This  machine-dug  trench  had  to  be  widened  and  deepened  at  the  bell  points 
to  9ilow  free  access  for  yarning  and  calking,  considerable  hand  grading  and 
straightening  of  the  trench  had  to  be  done  also  before  the  pipe  could  be 
properly  laid.  All  this  was  hand  work  and  is  included  in  cost  data  under  hand 
grading  and  bell  holes. 

The  pipes  were  lowered  and  entered  by  means  of  a  derrick,  formed  by  two 
A-shaped  forms  connected  by  a  beam,  each  end  equipped  with  a  rope  windlass 
and  two  single  blocks;  one  man  at  each  windlass  lowered  a  pipe  and  the  pipe 
last  laid  was  driven  home  with  the  pipe  that  was  still  swinging  from  the  derrick. 
This  derrick  was  pulled  ahead  by  a  pony.  From  15  to  20  pipes  an  hour  could 
thus  be  placed  by  a  gang  of  7  men,  though  the  average  daily  progress  did  not 
equal  this  rate. 

The  calking  was  done  with  a  pneumatic  hammer,  a  small  gasoline  compres- 
sor, maintaining  a  pressure  of  not  less  than  65  lbs.  per  sq.  in.,  supplied  the 
hammer.     This  compressor  was  mounted  on  an  ordinary  wagon  truck. 

The  pipe  was  tested  in  sections  of  variable  length,  the  maximum  pressure 
being  150  lbs.  per  sq.  in. 

Cost  of  Constructing  Two  18-in.  Cast  Iron  Water  Mains  by  Day  Labor  for 
the  Fort  William,  Ontario,  Water  Supply. — The  foilowmg  data,  published  in 
Engineering  and  Contracting,  May  18,  1910,  are  from  a  paper  by  H.  Sydney 
Hancock,  Jr.,  presented  to  the  Canadian  Soc.  of  Civil  Eugs. 

Supply  Main  to  Reservoir. — The  line,  which  was  10,200  ft.  in  length,  was 
located  to  avoid  solid  rock  as  far  as  pos.oible;  8,400  ft.  was  in  a  marly  clay  with 
occasional  boulders,  6,000  ft.  in  musk^  and  1,200  ft.  in  solid  rock.  Ttie  grade 
Hoe  was  kept  at  a  minimum  depth  of  4  ft.  6  ins.  to  insure  at  least  3  ft.  of  cover. 
Iq  the  muskeg  sections  clay,  on  which  the  pipe  was  laid  was  found  at  a  depth 
of  about  4  ft. 

One  18-in.  gate  valve  was  placed  near  the  middle  of  the  line  and  a  second 
dose  to  the  reservoir.  A  check  valve  was  also  placed  50  ft.  back  from  the 
lesovotr  and  two  18-in.  valves  in  the  two  bye  pass  lines  leading  from  the 
BappHj  main  paraUel  to  the  east  wall  and  past  the  reservoir  to  the  two  18-in. 
pressure  mains.  A  cluster  of  three  1-in.  Brook's  air  valves  at  every  sununit 
lod  a  6-in.,  oflf  18-in.,  blow  off  at  every  depression,  a  drainage  ditch  on  a  5- 
lOths  grade  being  executed  at  each.  Manholes  of  dry  rubble  were  built  over 
each  air  valve  cluster  and  over  the  gate  valves.  The  pipes  were  of  standard 
VecUicstioii,  the  limits  of  weight  being  from  1,800  to  1,950  lbs.  per  12-ft. 
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The  entire  work  was  done  by  day  labor.    Wages  paid  were  as  foUowB: 

Superintendent,  per  mo $150.00 

Sub-foreman,  per  hr .40 

Blacksmith,  per  hr .86 

Calkers,  per  hr .80 

Laborers,  per  hr .25 

The  cost  of  the  work  was  as  follows: 

Item  Total        Per  lin.  ft. 

Cleaning  and  grubbing $      460  SO.  045 

Trenching  and  backfilling  rock,  labor 1 ,  698  

•Materials 193  


Total $  1 ,891  $0. 186 

Earth,  labor 4,504  

Tools  and  materials 725  


Total $5,229  fO.SlS 

Pipelajring,  labor 1 ,065  0. 105 

Lead,  yarn,  tools 1 ,632  0. 160" 

Total $2,697  fO.866 

Cast  Iron  Pipe: 

760,858  tons  at  $40 $30,691 

13,812  sleeves,  specials  at  3  cts 414 

Total $31 .  105 

Less  credits 183 


Net  total $30,922  $3,080 

Hauling  pipe 2, 130  O.SOO 

Manholes,  labor 162           

Materials 54           


Total $      216  $0,081 

Valves 652  0.004 


Grand  total $44, 198  $4,832 

Pressure  Main  From  Reservoir. — This  line  was  12,520  ft.  long,  iududing  lqr»' 
passes.  Six  inch,  off  18'in.,  "blow-offs"  were  placed  every  half  mOe,  M  imH 
as  at  depressions.  Three  clusters  of  three  1-in.  Crispin  automatic  air  YalW 
were  placed  about  4,000  ft.  apart. 

The  pipe  used  was  18-in.  diameter  cast-iron  pipe  of  standard  BpedflcattoB, 
from  1,900  lbs.  to  2,000  lbs.  for  all  heads  over  200  ft.,  and  1.800  lbs.  to  1.000 
lbs.  for  all  heads  less  than  200  ft.,  excepting  across  the  property  of  tba  Qmd 
Trunk  Pacific  Ry.,  where  no  pipe  of  less  than  2,050  lbs.  was  used.  Tbe  Un 
was  cut  into  three  sections  by  two  18-in.  geared  gate  valves. 

As  there  was  greater  possibility  of  the  territory  through  which  this 
passed  becoming  inhabited,  the  minimum  depth  for  the  invert  of  the  pipe 
fixed  at  6  ft.,  but  in  deference  to  the  wishes  of  the  Grand  Trunk 
Railway  Co.  the  grade  line  across  their  property  averaged  a  depth  of  IS  ft.  A 
12-in.,  off  18  ins.,  cross  was  placed  for  the  future  water  requiremeiifai  of  the 
Grand  Trunk  Ry. 

It  was  decided  that  the  sand  and  swamp  portions  of  the  line  could  be  liid 
more  economically  during  the  winter,  as  at  that  season  the  movement  of  tkft 
sub-soil  water  is  more  sluggish  and  the  depth  of  frozen  ground  obviated  tlieiBe 
of  sheet  piling.  These  advantages  were  considered  to  more  than 
for  the  cost  of  shoveling  snow  and  the  difficulty  of  excavating  frozen 
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thousand  feet  ci  pipe  were  laid  south  from  the  river  in  February  and 
at  an  average  rate  of  372  ft.  per  day.    The  upper  section  of  the  pipe 
1  during  May  and  June. 

nusual  features  developed  during  the  progress  of  the  work,  the  cost  of 
iras  as  follows: 

Per  lin.  ft.  Total 

S  right  of  way $0. 008  %       103. 60 

ting  trench  labor 0. 423  5, 294. 10 

0. 028  366. 26 

ing  and  tamping 0. 104  1 ,  297. 34 

S  7,051. 19 

iron  pipe  (18-in.) $3. 060  $38,310. 87 

on  at  foundry 0. 021  267. 63 

i 0.147  1,832.90 

0.003  37.46 

0.041  541.66 

:  material 0. 048  607. 20 

$41,570. 61 

e  and  lajring  pipe,  labor $0.  258  $  3,228. 02 

imber,  plant 0. 043  637. 19 

t 0.004  52.00 

$  3,817. 21 

)  and  road  repairs $0. 021  $      262. 81 

alves 0.080  1,007.00 

)flF  valves 0. 015  186. 43 

Ives 0.012  161.08 

$  1,344.61 

38,  fountain,  head  walls,  etc $0. 057         $       702.  76 

ring  and  supt 0.090  1,131.20 

cost  of  pipe  line $4,463         $56,880.29 

and  alterations  at  river  crossing $  1 ,015. 40 

cost.  Section  IV $56, 895.  69 

i  above  work  common  labor  was  paid  22>^  to  25  cts.  per  hour,  calkers 
per  hour  and  a  superintending  foreman  $150  per  month.  Cast-iron 
t  $36.75  per  ton  at  the  local  foundry,  and  specials  $65  per  ton.  Pig 
t  $3.80  per  100  lbs.,  and  yam  SH  cts.  per  lb.  Nearly  half  a  mhe  of  the 
inaccessible  to  teams,  and  as  a  consequence  the  cost  of  skidding  and 
I  pipe  was  high. 

>f  Laying  10,187  Ft.  of  12-in.  Water  Pipe  by  Day  Labor  at  Tuscaloosa, 
he  following  data  were  published  in  Engineering  and  Contracting, 
1910. 

7ork  consisted  in  laying  10,187  ft.  of  12-in.  pipe  and  erecting  thereon 
[rants  with  92  ft.  of  4-in.  pipe.  Prior  to  starting  the  work  all  the  pipe 
n  placed  along  the  line  of  trench.  For  laying  the  pipe  five  Mueller 
erricks  and  equalizers  were  set  and  10  lengths  or  120  ft.  of  pipe  were 
3d,  calked  and  handled  at  once.  The  trench  was  3  ft.  deep.  With 
ige  gang  of  40K  nien  and  two  teams  the  work  was  accomplished  in 
ing  days  and  23  days  total  time.  The  average  length  of  pipe  laid 
our  day  was  533.5  ft.;  the  maximum  day's  work  was  1,059  ft.  of  pipe 
fter  completion  the  pipe  was  tested  to  125  lbs.  hydrostatic  pressure 
r  two  leaks  developed.  These  were  at  joints  whose  pipe  had  been  laid 
th  at  a  time  in  crossing  another  pipe  line  and  where  the  ground  was  too 
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rough  to  permit  lining  up  10  lengths  at  once.    There  were  no  leaks  in  any  of 
the  joints  caulked  on  the  surface. 

The  wages  paid,  working  a  10-hour  day,  were:  Laborers,  $1.25;  yamen 
and  calkers,  $1.50  and  $2;  foreman,  $2,  and  team  and  driver,  $3.50  The  cost 
of  the  work  was  as  follows: 

Labor $1 .051. 69 

950  lbs.  oakum  at  3^  cts 33.  25 

15,864  lbs.  lead  at  5.15  cts 817.00 

1 ,800  lbs.  coal  at  $2  per  ton 1. 80 

15  gals,  coal  oil  at  17  cts 2.  55 

Lanterns,  naib,  etc 11. 05 

Total $1,918.24 

This  gives  a  cost  of  18.9  cts.  per  lln.  ft.  of  pipe  laid.  A  bid  received  for 
the  work  asked  30  cts.  per  lin.  ft.  for  laying  the  12-in.  pipe,  10  cts.  per  lln, 
ft.  for  laying  the  4-in.  pipe,  and  $3  each  for  setting  the  hydrants  or  a  total 
of  $3,056.30. 

Cost  of  Laying  12-in.  Pipe  in  Deep  Trench  with  Quicksand  Bottom. — ^L.  R. 
Howson,  who  was  Resident  Engineer  in  charge  of  the  construction  of  tlie 
gravity  water  supply  for  Norway,  Mich,  gives  the  following  data,  in  an  article 
describing  this  work,  in  Engineering  and  Contracting,  Dec.  13,  1911. 

The  system  as  planned  comprises  a  12-m.  ca.st  iron  pipe  connection  between 
the  lakes,  an  iulet  in  Forest  Lake,  a  concrete  screening  chamber  on  the  shore 
of  Forest  Lake,  a  12-in.  cast  iron  gravity  pipe  line  23,000  ft.  in  length,  a  rein- 
forced concrete  reservoir  and  connections  with  the  present  distribution  system 
and  pumping  station. 

No  exceptional  difTlcuIties  were  encountered  until  the  "deep  cut"  sectioii 
of  4,000  ft.  nearest  the  lake  was  reached.  This  section  had  an  average  cut 
of  about  14  ft.  with  a  maximum  of  21  ft.,  and  the  amount  of  water  in  ttie  ditch 
varied  from  4  to  9  ft.  in  depth  when  the  pumps  were  closed  down.  Ttie  orig^ 
inal  contractor  removed  tlie  top  6  ft.  of  material  with  teams  and  slip  scn^wvn, 
then  started  his  sheathing  and  hand  excavation.  For  the  first  few  hundred 
feet  the  water  was  taken  care  of  by  two  diaphragm  pumps,  the  ditch  being 
dammed  with  sod  behind  each  bell  to  prevent  flow  from  beiiind.  Progw 
l)ecame  continually  slower,  and  it  was  apparent  that  power  pumps  and  otlier 
methods  must  be  used  aud  the  contractor  defaulted. 

The  National  Surety  Co.  as  bondsmen,  sublet  the  contract  to  a  Ciiicago 
contracting  firm,  who  started  on  the  deep  cut  after  niunerous  delays.  TlMy 
tried  two  No.  2  Nye  vacuum  pumps  to  handle  the  water,  but  as  the  entire 
trench  was  fa  a  sand  carrying  a  great  deal  of  water,  the  vacuum  pumpe  on 
open  suction  care^i  for  only  a  short  length  of  ditch,  and  progress  was  still  very 
slow.  An  Emerson  vacuum  pump  with  well  points  was  next  tried.  Four 
manifolds  of  well  points  each  20  ft.  long  and  carrying  16  ly^-in.  points  86 
ins.  in  length  were  purcha.<^,  and  in  this  way  80  ft.  of  ditch  could  be  opened 
and  pipe  laid  at  one  piunp  setting. 

Contractor  No.  2  also  handled  his  top  material  difTerently,  using  a  30-toa 
steam  shovel  with  30-ft.  boom  and  1-yd.  dipper.  Owing  to  the  quiclcsand  bot> 
tom,  the  necessity  for  tight  sheathing  and  the  presence  of  large  txMiiders,  this 
proved  to  be  an  impracticable  way  of  removal.  This  contractor  too  became 
discouraged  after  laying  only  500  ft.  in  three  months  of  experimenting  and  alio 
defaulted. 

The  city  of  Norway  was  in  great  need  of  water  at  this  time  (July,  1910)i 
and  decided  to  complete  the  work  under  the  supervision  of  the  engineew  bf 
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force  account.  The  steam  shovel  was  dismantled  and  the  top  material  re- 
moved by  scraper  as  before,  at  a  considerable  reduction  in  cost  due  to  the 
excessive  amount  removed  by  the  steam  shovel  to  cut  out  its  running  benches. 
The  Emerson  pump  and  well  points  were  now  operated  day  and  night,  and 
in  this  way  effectually  lowered  the  ground  water  level  below  the  grade.  Lead 
wool  had  been  used  in  the  joints,  but  when  the  trench  was  dried  by  continuous 
pumping  the  poured  joint  was  again  adopted.  Sixteen  foot  planks  were  used 
for  sheathing,  and  three  or  four  sets  of  4-in.  X  8-in.  stringers  were  required. 
In  some  places  the  bank  was  so  heavy  that  braces  were  necessary  at  3-ft. 
intervals  and  6  ft.  was  standard.  Bell  boles  were  kept  dry  with  diaphragm 
pumps  where  necessary. 

Progress  and  Cost. — Proceeding  in  this  way,  an  average  of  50  ft.  per  day  was 
laid  at  a  cost  of  $2.57  per  ft.  Deducting  salvage  in  pumping  machinery  and 
planks  purchased,  the  net  cost  was  a  trifle  under  $2.50  per  lin.  ft.  Conunon 
labor  was  paid  at  the  rate  of  25  cts.  per  hour. 

After  the  city  assumed  charge  of  the  work,  there  were  no  accidents  or  delays 
of  any  kind.  Previous  to  this,  one  man  had  been  killed  and  four  "bottom 
men"  buried  in  a  quicksand  "cave-in"  for  14  hours  before  they  could  be  re- 
moved. The  ditch  besides  having  depth,  quicksand  and  water,  paralleled 
a  railroad  track  but  25  ft.  off  center,  and  the  jar  from  passing  trains  added  new 
difficulties  to  those  already  present.  The  last  500  ft.  of  pipe  was  laid  along 
the  edge  of  the  lake  some  10  ft.  from  the  water,  and  from  6  to  7  ft.  below  the 
water  level,  but  due  to  the  impervious  character  of  the  deposit  in  the  lake  bed, 
the  difficulty  of  handling  the  water  was  less  than  was  found  in  caring  for 
the  ground  flow  further  removed  from  the  lake. 

Cost  of  Laying  10,698  Lin.  Ft.  of  8-in.  Water  Main  at  Tuscaloosa,  Ala. — 
C.  E.  Abbott  gives  the  following  data  in  Engineering  and  Contracting,  Nov. 
16,  1910. 

On  July  22,  1910,  work  was  started  at  Tuscaloosa,  Ala.,  of  laying  an  8-in. 
main  to  the  A.  G.  S.  depot,  a  distance  of  10,693  ft.,  inserting  10  valves  and 
locating  thereon  23  fire  hydrants  and  7  specials  for  future  extensions,  using 
60  ft.  of  6-in.  pipe  and  312  ft.  of  4-in.  pipe.  Prior  to  starting  this  work  all  pipe, 
fittings,  valves  and  hydrants  had  been  distributed  along  the  route.  This 
main  was  laid  to  replace  a  4-in.  and  3-in.  main  along  the  main  thoroughfare 
to  the  cemetery  and  the  A.  G.  S.  depot. 

The  streets  had  been  graveled  and  rolled  with  a  5-ton  roller,  making  the 
first  6  ins.  of  very  hard  picking.     The  trench  was  3  ft.  deep  from  the  surface 
of  the  ground  the  entire  distance,  except  420  ft.,  which  was  5  ft. 
The  main  was  tested  to  125  lbs.  hydrostatic  pressure  without  a  single  leak. 
I         The  work  was  done  by  day  labor  under  the  personal  supervision  of  the  writer 
at  the  following  cost. 

Labor $     986.  43 

11 ,275  lbs.  lead  at  $4.85 546.  84 

760  lbs.  oakum  at  ZH  cts 26.  60 

I                 1,000  lbs.  coal  at  $2  per  ton 1. 00 

I                 Nails,  etc .60 

Oil 2.55 

8-in.  plug  wood 1  •  50 

Total $1,565.52 

This  gives  a  cost  of  14.2  cts.  per  lin.  ft. 

In  laying  this  pipe,  120  ft.  were  laid  at  a  time,  using  tripod  derricks,  equal- 

izen.  tnntta    At/* 
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The  time  required  to  complete  this  extension  was  IB  6afa,  at  10  hours  awA; 
average  number  of  men  each  da; ,  44  4-G ;  giealcst  number  of  feet  of  pipe  lild 
In  one  d&y;  964;  average  number  leet  per  day.  737  2-3;  price  paid  labor,  13H 
eta.  per  hour,  yamera  and  calkers  15  and  20  eta.  per  hour. 

Coit  of  La^ng  1«M-Ft.  ol  t-ln.  Water  Pipe  Exlen^oiu.— The  toUonrtng 
table  la  prepared  froin  data  giveii  by  Clark  A.  Biyan  In  EniEineecing  and 
ContractlQe,  July  2,  1913. 


e  XXIX.— Labok  Coot  o 


a  1924-Ft.  of  4-in.  Pimi 


It  of    Kate  per      foot  o( 


Pipe  laying 

Pouring  and  Eautkins  jmata 249. 

Bsckfimui  and  tamping 2S4, 


Total ., 16.  as 


Bell   and   Spigcrl-  Joirri- 


Fio.  20. — Types  of  pipe  joint  used  In  solid  ground  and  >c 
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The  work  consisted  in  laying  five  4-in.  extensions  to  the  warer  system  of 
Ridgely,  Md.  A  4-in.  hydrant  was  installed  at  the  end  of  each  line  by  4  X 
4-in.  tees  and  no  valves  were  used.  The  pipe  was  laid  at  an  average  depth  of 
4-ft.  2-ins.  in  easily  excavated,  sand,  loam  and  clay.  To  break  up  the  first 
2-ft.  of  the  excavation  a  new  ground  plow  attached  to  a  traction  engine  was 
used  with  success  on  1414-ft.  of  the  trench.  The  work  was  done  by  force 
account  Mr.  Bryan  being  the  Resident  Engineer  in  Charge  of  Construction. 

Of  the  five  different  connections,  the  maximum  cost  was  18.8  cts.  per  ft. 
for  labor  and  the  minimum  cost  was  14.4  cts.  per  ft. 

Construction  Cost  of  San  Francisco's  High-Pressure  Fire  Mains. — The 
following  data  are  taken  from  an  article  in  Engineering  News.  Feb.  18,  1015. 

In  the  construction  of  the  high-pressure  system  of  San  Francisco,  aftet 
numerous  tests,  the  types^f  pipe  joints  shown  in  Fig.  26  were  finally  approved. 
The  bell  and  spigot  joint  was  used  in  solid  ground  and  the  sleeve  joint,  which 
allows  a  greater  displacement  of  the  pipe  without  leakage,  was  used  in  soft 
ground  and  in  places  most  susceptible  to  earthquake  action. 

The  fire  mains  were  constructed  uijder  contract,  the  following  table  gives 
the  cost  of  labor,  as  estimated  by  the  engineers  in  charge  of  construction. 

Table  XXX. — Cost  of  Labor,  as  Estimated  by  Engineers  in  Charge  of 

Construction 

1.  Trench  Work: 

Removing  pavements  having  concrete  base,  $0.06  per  sq,  ft. 
Removing  pavements  without  concrete  base:  not  counted  separately,  as  cost 
was  found  to  be  practically  equal  to  that  of  an  equal  volume  of  ordinary  digging. 
Excavating  and  backfilling  trenches  and  removing  surplus  excavated  material. 

Labor  cost  per  cu.  yd. 
Congested         Average 
Nature  of  ground  district  conditions 

Sand,  about  one-half  lagged $1 .  10  $0.  95 

Sandy  clay 1.25  1.10 

Hard  clay 1. 40  1. 25 

Soft  rock  (shale,  red  chert) ....  1 .  40 

Hard  rock  (gadding,  some  blasting) $4.  00  $6.  00 

2.  Laying  Pipe  (Not  including  setting  valves  and  hydrants): 

Cost  of  labor,  per  foot 

Kind  and  size  of  pipe            Hauling  Laying    Calking   Testing  Total 

Congested  district: 
Bell  and  spigot  pipe:  8-in.  (hydrant 

connection;  all  joints  bolted) ..  $0. 05  $0.17  $0.25  $0.02  $0.49 

10-in 0.06  0.16  0.11  0.02  0.35 

12-in 0.07  0.17  0.11  0.02  0.37 

14-in 0.09  0.26  0.12  0.02  0.49 

16-in 0.11  0.19  0.16  0.02  0.48 

18-in 0.12  0.25  0.14  0.02  0.53 

Spigot  pipe,  sleeve  joints: 

10-in 0.07  0.13  0.14  0.02  0.36 

12  in 0.08  0.13  0.17  0.02  0.40 

14-in      0.10  0.13  0.20  0.02  0.45 

16-in        0.12  0.23  0.21  0.02  0.58 

18-in 0.14  0.15  0.24  0.02  0.55 

Average  conditions: 
Bell  and  spigot  pipe:  8-in.  (hydrant 

connections;  all  joints  bolted) . .  $0.  03  $0.  29  $0.  12  $0.  01  $0. 45 

12-in                  0.05  0.06  0.07  0.01  0.19 

14-in          0.07  0.09  0.08  0.02  0.26 

le-in"      ' 0.08  0.10  0.12  0.02  0.32 

IS-in!;! 0.10  0.19  0.14  0.04  0.47 

Spigot  pipe,  sleeve  joints:  ^  ^  „„ 

l£-m                   . 0.06  0.11  0.14  0.02  0.33 

16-in!!!!!.*.'.*! 0.09  0.06  0.15  0.03  0.33 
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Note:     Cost  of  calking,  per  joint,  was  as  follows: 

Congested  district    Average  oonditioni 

8-in.  joints $0.90  $0.90 

10-in.  joints 0. 85                             

12-in.  joints 1.00  0.78 

14-in.  joints 1. 10  0. 90 

16-in.  joints 1.25  1.23 

18-in.  joints 1.40  1.44 

3.  Setting  Gate  Valves  and  Hydrants: 

8-in.  gate  valves,  each $  4. 50 

10-in.  gate  valves,  each 4.  SO 

12-in.  gate  valves,  each 6.00 

14-in.  gate  valves,  each 7.50 

16-in.  gate  valves,  each 10. 00 

Hydrants,  each 5.00 

4.  Miscellaneous  Items: 

Setting  manhole  castings $  7. 00    per  ton 

Bolting  joints  of  pipe  lines $24.  00    per  ton 

Concrete  valve  vaults — labor  only $  9.  60    per  cu.  yd. 

Setting  reinforcing  steel  in  valve  vaults $14. 00    per  ton 

Laying  creosoted  wooden  telephone  duct $  0. 036  per  duot*foot 

5.  Wage  Schedule,  per  day  of  eight  hours: 

Superintendent $  6. 00  up 

Foreman $  4.00  to  $5.00 

Straw  boss $  3. 50  to  $4.00 

Calker  and  yarner $  4. 00 

Leadman $  3. 00  to  $8.50 

Laborer,  watchman $  8. 00 

Team  and  driver,  4-hor8e $10. 00 

Team  and  driver,  2-hor8e $  6. 00 

Team  and  driver,  l-horse $  4.  60 

Note:  The  above  figures  include  only  the  wages  of  foremen,  mechanioB  and 
laborers  immediately  engaged  upon  the  work.  Add  10%  for  general  Bi4Mrift> 
tendent,  timekeepers,  watchmen,  service  wagon,  and  depreciation  and  nntir 
of  tools.  The  total  cost  of  construction  to  the  contractor  will  be  obtained  b|f 
adding  the  cost  of  all  materials  used,  and  the  overhead  expense,  inolodinj 
office  expense,  liability  insurance,  etc. 

The  excellence  of  the  workmanship  on  San  Francisco's  high-preasure  pipt 
system  Is  illustrated  by  a  comparison  with  New  York's  fire  system.  The  l«tt» 
comprises  105  miles  of  mains,  which  are  maintained  under  a  pressure  of  80  lb* 
per  sq.  in.,  and  from  which  the  leakage  is  approximately  850  gal.  per  minute  tf 
1,20(),()()  per  day.  The  San  Francisco  system  contains  71.81  miles  in  "wbkh  iB 
average  pressure  of  200  lb.  per  sq.  in.  is  maintained  and  the  leakage  is  onlf 
152,(M)()  gal.  i>er  day,  equivalent  to  a  leakage  of  only  59,000  gal.  per  daf 
under  a  prassure  of  30  lb.  per  sq.  in.  Since  the  length  of  pipe  in  tbe  Art 
Francisco  system  is  only  71.81  miles,  and  that  in  the  New  York  system  105 
miles,  this  59,000  gal.  per  day  in  71.81  miles  of  pipe  is  equivalent  to  86.000  giL 
per  day  in  105  miles  of  pipe,  or  the  leakage  per  mile  in  San  Francisco's  qntan 
Is  only  7.2%  of  the  leakage  in  the  New  York  system. 

Perhaps  the  principal  reason  for  the  tightness  of  the  system  were  the  tfliM 
which  were  made  before  the  work  was  accepted,  as  follows: 

Test  i^tmm 

Class  of  pipe  Use  of  head  of  lb.  per  sq.  i^ 

G  &  H 600  to  760  ft.  460 

F 500  to  600  ft.  400 

E 400  to  600  ft.  860 

D 300  to  400  ft.  800 

C 200  to  300  ft.  860 

B 100  to  200  ft.  200 

A 0  to  100  ft.  160 
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several  blocks  of  ptipe  were  laid  and  calked,  the  trench  between  the 
as  backfilled,  and  the  bells  left  exposed.  The  pipe  was  then  tested, 
pressure  varying  with  the  class  of  pix)e. 

<i  be  tested  was  filled  with  water  and  the  specified  pressure  applied  by 
f  a  double-cylinder  force  pump.  This  pressure  was  maintained  for  20 
If  during  that  i)erlod  the  additional  water  introduced  to  keep  the 
constant  exceeded  0.0055  gal.  per  lineal  foot  of  pipe  joint  under  test, 
ractor  was  forced  to  recalk  all  joints  that  gave  any  evidence  of  leakage. 
>f  Making  an  18-in.  Tap  on  a  S4-in.  Water  Main,  Without  Interrupting 
at  Columbia,  South  Carolina. — ^F.  C.  Wyse.  gives  the  following  matter 
Leering  and  Contracting,  July  4,  1913. 

>ipe  on  wliich  the  tap  was  made  is  24  ins.  in  internal  diameter  and 
9.  externally,  and  carries  a  pressure  of  about  20  lbs.  per  sq.  in..  The 
on  was  in  earth  bearing  a  large  quantity  of  spring  water  and  no  record 
3f  excavation  was  kept  for  the  reason  that  the  work  was  prosecuted 
tently  and  only  at  favorable  times.  A  pump  was  necessary  all  the 
d  the  entire  hole  was  close  sheeted  in  order  to  preclude  any  accident  to 
hine  by  sliding  mud.  The  excavation,  however,  was  no  larger  than 
ave  been  necessary  for  the  cutting  in  of  a  tee,  and  practically  the  same 
of  sheeting  would  have  been  used,  therefore  in  making  a  comparison 
it  would  be  accurate  to  place  the  cost  of  excavation  the  same  in  both 

in.  by  18-in.  clamped  sleeve,  internal  diameter  26^4  ins.,  and  weighing 
s.,  was  adjusted  on  the  pipe  with  lead  wedges.  Mud  rolls  were  then 
t  each  end  and  in  the  neck  of  the  sleeve  and  the  lead  was  poured  in  the 
anner.  This  gave  a  sheet  of  lead  approximately  ^^  in.  thick  between 
re  and  the  pipe  to  be  tapped.  The  ends  were  calked  first  then  the  lead 
teck.  and  the  neck  lead  very  carefully  trimmed  in  order  not  to  come  in 
with  the  steel  cutter.  Onto  the  neck  of  the  sleeve  an  18-in.  fianged 
eighing  1,600  lbs.  was  bolted,  and  to  the  valve  the  tapping  machine, 
I  1,000  lbs.,  was  bolted.  A  derrick  supported  the  weight  of  the 
>.  The  cutter  was  then  started  through  the  open  valve  and  the  cut 
ipleted  in  4V^  hours,  the  cutter  being  turned  by  hand  ratchets.  After 
was  made  the  shaft  was  withdruwn,  the  valve  closed,  and  machine 
I. 

>lug  cut  out  remained  tightly  in  the  cutters,  the  center  tapered  drill 
in  this.  The  plug  was  a  clean  cut,  there  being  no  break  in  the  metal 
lan  about  He  in.  thickness  of  the  inside  shell.  There  were  no  leaks 
ban  through   the  stuffing   box  of   the   machine   which   amounted 

ng. 

«st  of  the  work  was  as  follows: 


md  valve $210  .00 

on   sleeve,    valve    and    machine    coming,    and    machine 

ling 32  .42 

lead  at  5  cts 17  .50 

B  on  material  with  department  truck 1  50 

lacing  sleeve,  valve  and  machine  (5  hours) 4 .80 

iperating  and  removing  machine  iA\i  hours)-.  — 5 .65 

cost  without  excavation S271 .77 
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The  work  was  done  by  the  water  department  forces,  the  men  being  paid  as 
follows: 

Foreman,  $2.75;  calkers,  $1.60;  and  helpers,  $1.25  per  day  of  10  hours. 
More  men  were  used  in  operating  the  machine  than  in  placing  the  sleeve, 
hence  the  higher  cost  for  a  shorter  time. 

Relative  EfSiciency  and  Speed  in  Making  Poured  Joints  and  Lead  Wool 
Joints  also  of  Hand  and  Pneumatic  Hammer  CauUdng. — The  following  data 
are  taken  from  an  abstract,  of  a  paper  before  the  Annual  Convention  of  the 
American  Society  of  Municipal  Improvements  by  Andrew  F.  Macallum, 
City  Engineer  of  Hamilton,  Ontario,  published  in  £ngineenng  and  Contract- 
ing, Oct.  20,  1915. 

It  was  found  that  with  the  pneumatic  hammers  between  four  and  Ave 
poured  lead  joints  could  be  caulked  to  every  one  in  which  lead  wool  was  used. 
This  difference  was  due,  generally,  to  the  hammers  becoming  wedged  in  driving 
in  the  lead  wool.  It  was  also  found  that  the  compression  in  the  caulldng  went 
deeper  in  the  poured  than  in  the  wool  joint,  thus  giving  greater  detudty. 

Several  alternate  joints  were  caulked  by  the  pneumatic  hanuners  and  by 
hand  and  this  section  was  gradually  put  under  pressure.  It  was  found  tlMt 
every  joint  caulked  by  hand  commenced  to  leak  slightly  at  110  lbs.  pressure 
but  that  the  pneumatic  caulked  joints  remained  tight. 

To  compare  the  relative  speed  of  hand  and  pneumatic  caulking,  tests  were 
made  with  tiie  results  shown  in  the  following: 
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From  the  above  it  will  be  seen  that  on  the  36-in.  pipe  the  machine  men 
caulked  three  times  as  many  joints  as  the  hand  men  and  2^^  times  as  many,  on 
the  30-in.  pipe. 

Cost  of  Cement  Joints  for  Cast  Iron  Mains. — In  1912  the  city  of  Long  Beach, 
Cal.,  begun  the  use  of  cement  joints  with  its  cast  iron  water  pipe.  At  the 
present  time  the  city  has  60  milas  of  mains,  ranging  from  4  in.  to  24  in.  In 
diameter,  laid  with  joints  of  tliis  type.  All  these  pipes  are  under  pressures 
ranging  from  40  to  80  lb.  per  square  inch  and  are  giving  perfect  satisfaction. 
In  a  paper  presented  April  18,  1917  before  the  American  Society  of  Clyll 
Engineers  Clark  II.  Shaw,  Hydraulic  Engineer  Long  Beach  Water  Department 
describes  Long  Beach's  method  of  making  these  joints.  The  following, 
abstract  from  Mr.  Shaw's  paper,  is  taken  from  Engineering  and  Contracting, 
Dec.  12,  1917. 

In  making  the  cement  joint  the  pipe  is  placed  and  spaced  in  the  uaual 
manner.  A  thin  backing  of  the  best  dry  jute  is  used  instead  of  oakum,  aa  tba 
jute  is  free  from  oils  and  grease  (which  should  be  avoided).  A  Portland 
cement,  conforming  to  the  specifications  advocated  by  the  American  Society  for 
Testing  Materials,  is  used.  The  dry  cement  is  placed  on  a  piece  of  canvas 
(usually  a  cement  sack  rii)ped  open)  and  moistened  just  so  that  when  thorough- 
ly mixed  by  hand  it  will  be  of  such  a  consistency  that  when  gripped  tight  It 

will  hold  the  form  of  the  hand  and  when  dropped  12  in.  it  will  cnnnble.    , 

t 
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After  several  blocks  of  ptipe  were  laid  and  calked,  the  trench  between  the 
joints  was  backfilled,  and  the  bells  left  exposed.  The  pipe  was  then  tested, 
the  test  pressure  varying  with  the  class  of  pipe. 

Pipe  to  be  tested  was  filled  with  water  and  the  specified  pressure  applied  by 
means  of  a  double-cylinder  force  pump.  This  pressure  was  maintained  for  20 
minutes.  If  during  that  period  the  additional  water  introduced  to  keep  the 
pressure  constant  exceeded  0.0055  gal.  per  lineal  foot  of  pipe  joint  under  test, 
the  contractor  was  forced  to  recalk  all  joints  that  gave  any  evidence  of  leakage. 

Cost  of  Making  an  18-in.  Tap  on  a  S4>in.  Water  Main,  Without  Interrupting 
Service,  at  Columbia,  South  Carolina. — F.  C.  Wyse,  gives  the  following  matter 
in  Engineering  and  Contracting,  July  4,  1913. 

The  pipe  on  which  the  tap  was  made  is  24  ins.  in  internal  diameter  and 
25.80  ins.  externally,  and  carries  a  pressure  of  about  20  lbs.  per  sq.  in..  The 
excavation  was  in  earth  bearing  a  large  quantity  of  spring  water  and  no  record 
of  cost  of  excavation  was  kept  for  the  reason  that  the  work  was  prosecuted 
intermittently  and  only  at  favorable  times.  A  pump  was  necessary  all  the 
time,  and  the  entire  hole  was  dose  sheeted  in  order  to  preclude  any  accident  to 
the  machine  by  sliding  mud.  The  excavation,  however,  was  no  larger  than 
would  have  been  necessary  for  the  cutting  in  of  a  tee,  and  practically  the  same 
amount  of  sheeting  would  have  been  used,  therefore  in  making  a  comparison 
of  costs  it  would  be  accurate  to  place  the  cost  of  excavation  the  same  in  both 
cases. 

A  24-in.  by  18-in.  clamped  sleeve,  internal  diameter  26^4  ins.,  and  weighing 
1,400  lbs.,  was  adjusted  on  the  pipe  with  lead  wedges.  Mud  rolls  were  then 
placed  at  each  end  and  in  the  neck  of  the  sleeve  and  the  lead  was  poured  in  the 
usual  manner.  This  gave  a  sheet  of  lead  approximately  H  in.  thick  between 
the  sleeve  and  the  pipe  to  be  tapped.  The  ends  were  calked  first  then  the  lead 
in  the  neck,  and  the  neck  lead  very  carefully  trimmed  in  order  not  to  come  in 
contact  with  the  steel  cutter.  Onto  the  neck  of  the  sleeve  an  18-in.  flanged 
valve  weighing  1,600  lbs.  was  bolted,  and  to  the  valve  the  tapping  machine, 
weighing  1,000  lbs.,  was  bolted.  A  derrick  supported  the  weight  of  the 
machine.  The  cutter  was  then  started  through  the  open  valve  and  the  cut 
was  completed  in  4H  hours,  the  cutter  being  turned  by  hand  ratchets.  After 
the  cut  was  made  the  shaft  was  withdrawn,  the  valve  closed,  and  machine 
removed. 

The  plug  cut  out  remained  tightly  in  the  cutters,  the  center  tapered  drill 
helping  in  this.  The  plug  was  a  clean  cut,  there  being  no  break  in  the  metal 
other  than  about  Me  in.  thickness  of  the  inside  shell.  There  were  no  leaks 
other  than  through  the  stuffing  box  of  the  machine  which  amounted 
to  nothing. 

The  cost  of  the  work  was  as  follows: 


Sleeve  and  valve $210 .00 

Freight    on    sleeve,    valve    and    machine    coming,    and    machine 

returning 32  .42 

350  lbs.  lead  at  5  cts 17  .50 

Drayage  on  material  with  department  truck 1-50 

Labor  placing  sleeve,  valve  and  machine  (5  hours; 4 .80 

Labor  operating  and  removing  machine  (4^^  hours)'. 6 .55 

Total  cost  without  excavation $271 .77 
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The  work  was  done  by  the  water  department  forces,  the  men  b^ng  paid  as 
follows: 

Foreman,  $2.75;  calkers,  $1.50;  and  helpers,  $1.25  per  day  of  10  hours. 
More  men  were  used  in  operating  the  machine  than  in  placing  the  sleeve, 
hence  the  higher  cost  for  a  shorter  time. 

Relative  Efficiency  and  Speed  in  Making  Poured  Joints  and  Lead  Wool 
Joints  also  of  Hand  and  Pneumatic  Hammer  Caulking. — ^The  following  data 
are  taken  from  an  abstract,  of  a  paper  before  the  Annual  Convention  of  the 
American  Society  of  Municipal  Improvements  by  Andrew  F.  MacaUum, 
City  Engineer  of  Hamilton,  Ontario,  published  in  Engineering  and  Contract- 
ing, Oct.  20,  1915. 

It  was  found  that  with  the  pneumatic  hammers  between  four  and  five 
poured  lead  joints  could  be  caulked  to  every  one  in  which  lead  wool  was  used. 
This  difference  was  due,  generally,  to  the  hammers  becoming  wedged  in  driving 
in  the  lead  wool.  It  was  also  found  that  the  compression  in  the  caulking  went 
deeper  in  the  poured  than  in  the  wool  joint,  thus  giving  greater  density. 

Several  alternate  joints  were  caulked  by  the  pneumatic  hammers  and  by 
hand  and  this  section  was  gradually  put  under  pressure.  It  was  found  that 
every  joint  caulked  by  hand  commenced  to  leak  slightly  at  110  lbs.  pressure 
but  that  the  pneumatic  caulked  joints  remained  tight. 

To  compare  the  relative  speed  of  hand  and  pneumatic  caulking,  tests  were 
made  with  the  results  shown  in  the  following: 


OS 

a 

£m9 

1 

a 

c8 

09 
>> 

-§ 

3 

s 

a 

««  a 

"S 

eS 

a 

a 
S 

V 

O 

••^  a 

a.2 
o  o 

l-H 

an 

0;  a 

6  08 

'1 

^1 

36 

c. 

3H 

121 

1 

2 

4 

2 

12 

30 

c. 

3 

90 

1 

2 

6 

2 

15 

From  the  above  it  will  be  seen  that  on  the  36-in.  pipe  the  machine  men 
caulked  three  times  as  many  joints  as  the  hand  men  and  2^^  times  as  many  oa 
the  30-in.  pipe. 

Cost  of  Cement  Joints  for  Cast  Iron  Mains. — In  1912  the  city  of  Long  Beach, 
Cal.,  began  the  use  of  cement  joints  with  its  cast  iron  water  pipe.  At  the 
present  time  the  city  has  60  miles  of  mains,  ranging  from  4  in.  to  24  in.  In 
diameter,  laid  with  joints  of  this  type.  All  these  pipes  are  under  pressures 
ranging  from  40  to  80  lb.  per  square  inch  and  are  giving  perfect  satisfacti<m. 
In  a  pai)er  presented  April  18,  1917  before  the  American  Society  of  Civil 
Engineers  Clark  II.  Shaw,  Hydraulic  Engineer  Long  Beach  Water  Department 
describes  Long  Beach's  method  of  making  these  joints.  The  following. 
abstract  from  Mr.  Shaw's  paper,  is  taken  from  Engineering  and  Contnctlng, 
Dec.  12,  1917. 

In  making  the  cement  joint  the  pipe  is  placed  and  spaced  in  the  usual 
manner.  A  thin  backing  of  the  best  dry  jute  is  used  instead  of  oakum,  as  the 
jute  is  free  from  oils  and  grease  (which  should  be  avoided).  A  Portland 
cement,  conforming  to  the  specifications  advocated  by  the  American  Society  tor 
Testing  Materials,  is  ased.  The  dry  cement  is  placed  on  a  piece  of  canvas 
(usually  a  cement  sack  ripped  open)  and  moistened  just  so  that  when  thorou^ 
ly  mixed  by  hand  it  will  be  of  such  a  consistency  that  when  gripped  tigbt 
will  hold  the  form  of  the  hand  and  when  dropped  12  in.  it  will  crumble. 


ibicb  helpa  to  cure  the  exposed  portion  of  the  joiat. 
r.  Shaw's  opinion,  (he  bead  is  essential,  as  the  cemeut  packed  lu  the 
I  dry  that  without  protection  It  would  absorb  moLiture  from  the  water 
settliDK  the  trench.  It  la  bdlered  that,  should  the  joint  dev^op 
when  the  pressure  ia  put  on  in  the  main,  the  cement,  being  dry,  would 
and  aid  materially  in  keeping  the  joint  tight. 

-imenta  on  cement  joints  constructed  without  the  bead  nhowed  tiiat, 
3  alter  completion,  they  absorbed  water  readily.  In  cases  where 
baa  developed  and  has  subsequently  closed.  It  \a  assumed  (luit  (he  dry 
Uworbed  the  nuristure  Irom  the  inside,  expanded,  and  filled  the  seepage 

t  20  per  cent  ot  the  cement  is  was(ed  by  f  alUng  off  (he  canvas  or  being 
out  by  the  caulker.  If  any  daft  or  earth  from  the  trench  falls  on  the 
ir  in  (he  cement,  it  ia  immediately  taken  out,  together  with  enough 
to  make  sure  that  the  retnalndei  la  clean.  In  mixing  the  cement  wltb 
are  Is  taken  that  there  shall  be  no  lumps  in  the  material,  uo  mat(er 
lU.  If  aoy  cement  la  left  on  the  canvas  when  a  joint  ia  completed,  it 
on  the  next  Joint,  provided  the  work  la  conticuous,  otberwiae  new 
are  made.  Special  blunt  caulking  toola  are  used. 
Mnt  is  allowed  to  stand  48  hours  before  the  pressure  is  turned  on  an<l 
n  la  put  into  regulat  swvlce.  Cemeol  Joints  have  been  used  with 
017  reeults,  however,  12  holirs  after  completion,  but  this  is  not  con- 
tate  practice. 

in  Dl^o,  Cat.,  a  pressure  test  was  made  by  caulking  a  6-in.  caat-iroo 
aide  of  the  t«e  being  filled  with  a  plug  and  each  of  the  two  ends  filled 
irt  lengtha  of  cas(-iion  pipe  with  plugs  caulked  In  the  ends.  As  (he 
r  pipe  caiulked  In  the  tee  were  scrap  ends  cut  from  other  pipes,  they 
Mod  on  the  Joint  end,  and,  notwithataodlng  the  fact  that  the  joint  waa 
itb  smootb  pipe.  It  took  a  pressure  of  more  than  300  lb.  per  square 
'orce  the  pipe  out.  The  teat  was  made  about  4S  hours  after  the  Joint 
le. 
nther  test,  made  at  Wlnnip^.  Man.,  three  lengths  of  S-ln.  pipe  were 
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work  at  the  joint.  The  upper  half  of  the  joint  is  cleaned  out  with  a  cape-chisel; 
then,  with  tripod  and  blocks,  the  free  end  of  the  pipe  is  raised  until  the  lowor 
half  of  the  joint  breaks  free  from  the  bell.  The  pipe  seldom  has  to  be  pulled 
out  of  the  bell,  as  it  nearly  always  works  itself  out  as  the  free  end  is  lowered. 
If  portions  of  the  cement  stick  to  the  spigot  end  of  the  pipe,  or  fail  to  be  entirely 
crushed  in  the  bell,  it  is  a  very  simple  matter  to  clean  out  the  bell  with  a  cape- 
chisel,  or  knock  the  cement  from  the  spigot  with  a  hammer. 

On  occasions,  after  a  joint  has  been  cemented  tight  in  the  line,  it  is  necessary, 
to  cut  it  out  entirely  (such  as  for  laying  a  valve  on  its  side;  turning  a  tee  or  Y 
in  another  direction;  adjusting  a  tee  to  conform  to  or  meet  a  grade;  avoiding  a 
sewer  connection  or  any  other  unforeseen  obstacle).  Table  XXXI  has  been 
compiled  from  records  of  the  actual  time  spent  in  doing  such  work. 

At  Long  Beach  unit  costs  have  been  kept  on  all  construction,  covering 
nearly  the  entire  60  miles  of  cast-iron  water  mains.  Table  XXXII  has  been 
carefully  compiled  from  these  unit  costs,  and  presents  data  concerning  cement 
joints. 

Table  XXXI. — Time  Required  for  One  Man  to  Dig  Out  a  CoMPi,irnB 
Cement  Joint,  Without  Removing  Fitting  or  Gates  From  thjeb  Lins 

6ize  Time 

4-in 18  min. 

6-in 22  min. 

8-in 26  min. 

10-in 30  min. 

12-in 38  min. 

14-in 48  min. 

16-in 60  min. 

Table  XXXII. — Data  Relative  to  Cement  Joints 

Number  of  Number  €i 

Jute  per  joint        joints  per  joints  ptf 

Rings  of  jute        in  pounds          94-lb.  sack  8-hour  day 

Size  of  pipe           per  joint         (approximate)        of  cement*  (one  caulker) 

4-in 2  0.14  24  50 

6-in 2  0.19  18  42 

8-in 2  0.24  14  34 

10-in 3  0.43  11  28 

12-in 3  0.51  8  24 

14-in 3  0. 58  7  20 

16-in 3  0.66  6  17 

18-in 3  0.73  5  14 

20-in 3  0.80  4  11 

24-in 3  0.95  3  7. 

♦Including  the  20  per  cent  of  cement  wasted  or  left  over. 

Cost  of  Repairing  Fire  Hydrants  by  Welding. — Engineering  and  Ccmtract— 
ing,  Aug.  13,  1919,  gives  the  following: 

In  a  discussion  of  damages  to  fire  hydrants  by  motor  vehicles  at  the  (1910> 
convention  of  the  American  Water  Works  Association,  Wm.  W.  Brushy 
Deputy  Chief  Engineer  Department  of  Water  Supply,  Gas  and  Electiicftr' 
of  New  York  City,  states  that  during  the  past  two  years  an  average  of  aboiifr 
400  hydrants  were  damaged  yearly  by  motor  trucks,  requiring  an  nnmirf 
expenditure  of  about  $  12,000  for  repairs.  Repairs  are  made  by  welding  by  tlii9 
oxyacetlene  process.  The  hydrant  is  taken  to  the  city  shop  and  the  brolBMi' 
section  ground  away  to  a  bevel  of  about  45°,  and  then  new  metal  is  fused  in  ait 
the  break.  If  the  portion  of  the  hydrant  thus  treated  is  to  be  expoaed  abofV  ] 
the  ground  it  is  finished  off  after  the  welding  process  is  completed.  If  it  is  to; 
be  below  the  ground  the  rough  surface  is  not  finished  (^. 
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Mr.  Brush  glvce  th«  following  costs  on  this  irork:  The  coat  of  repladiu' 
tk  brokeo  hydrant  vhen  the  old  hydrant  la  sitlvBged  uid  repaired,  la  na 
FoUowb:  welding  standplpe  of  hydrnnt,  tlO;  asBembling  hydrajit,  one  mecbBUlct 
(5  per  day.  H  day,  (2.50:  totiil  cost  of  repairing  salvaged  broken  hydiuit, 
112.60.  The  coat  of  removing  and  resetting  the  hydrant  where  it  haa  to  be 
taken  up  about  3  ft.  below  the  surface  of  the  ground  la  as  follows : 

1  caulker,  one  day     S  5. 00 

2  laborers  at  S3.25  p«r  day  each 6.50 


Belaying  16  ft.  of  sidewalk  at  SOc  per  loo 


Contingency . . 

Total »20.00 

The  greater  part  of  that  (20  would  be  eliminated  In  the  case  of  a  hydrant 
that  has  a  flange  at  the  level  of  the  sidewalk. 

In  the  same  diacusaion  F.  W.  Cappeten,  City  Engineer  ot  Minneapolis. 
Minn.,  atated  that  In  Ms  city  43  hydrants  had  been  broken  by  motor  vehicles 
in  16  months.    The  average  expense  per  hydrant  was  as  follows: 

EicavatioD,  removal  and  resetting %U.iO 

'    "  id  aaBembling ,. ,..., 3.S4 

10.17 


FiQ.  27. — Machine  tor  bending  pipe. 

Cm!  of  Pipe-bending  with  a  Machine  (Engineering  and  Contracting, 
toie  10,  1917).— A  labor-saving  device  is  used  by  the  Philadelphia  Suburban 
Om  t  Electric  Co.,  Cheeter,  Pa.,  for  the  cold  bending  of  8-in.  pipe.  The 
nadihlB  Is  described  by  Charles  Wilde.  Engineer  of  Mains,  in  a  paper  pre- 
mled  lo  the  Oct<d>er,  IBLS  meeting  of  the  American  Gas  Institute.     The 
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arrangement  consists  of  a  10-in.  I-beam,  10  ft.  long,  braced  with  1^-ln.  tie 
rod;  two  H-m.  chains  8  ft.  long  one  at  each  end  of  the  beam  and  an  ordinary 
20-ton  screw  jaclc  and  block.  To  operate,  all  that  is  necessary  is  to  link  the 
chains  around  the  pipe  and  I-beam  by  means  of  a  sUp  link,  place  the  jack  and 
pipe  block  m  position  between  the  pipe  and  the  beam,  and  then  by  the  force 
of  the  jack  make  the  bend.  If  the  bend  required  is  only  a  slight  one,  it  may 
be  made  without  any  shift  of  the  machme.  If  it  is  a  bend  of  any  considerable 
extent,  the  machine  should  be  shifted  one  way  or  the  other,  bending  the  pipe 
a  few  degrees  until  the  required  bend  is  made. 

With  this  machine  four  men  can  make  a  bend  in  an  8-m.  pipe,  depending,  of 
course,  upon  the  radius  and  d^ree  of  the  bend  required,  in  from  >^  to  2H 
hours.  To  make  the  same  bend — ^when  possible  to  be  made — in  the  old  way 
would  require  about  25  men,  who  would  never  lose  less  than  half  an  hour 
from  their  regular  work,  and  would  often  require  twice  this  time. 

Unit  Costs  of  Laying  Standard  Screwed  Steel  Pipe. — The  following  tabula- 
tions are  taken  from  data  compiled  by  George  Wehrle,  Supt.  of  the  Gas  Dept. 
of  the  Denver  Gas  and  Electric  Light  Co.  and  were  published  in  Engineering 
and  Contracting,  Jan.  8,  1919. 


Trenchinq  and  Backfilling 


Size  of  pipe         Width 


IM 
2 

3 

4 
6 
8 


18" 
18" 
18" 
18" 
20" 
22" 
24" 


Cu.  ft.  per 
foot  of 
trench 
1  ft.  deep 

1.50 
1.50 
1.50 
1.50 
1.66 
1.83 
2.00 


Coet    of    excavating    and 
backfilling  at  SO.Ol 

per  man-hour 

Cu.  ft.  per     Per  cu.  ft.        Unit  cost 
man-hour    of  excavation      per  foot 


9 
9 
9 
9 
9 
9 
9 


$0.00111 
.00111 
.00111 
.00111 
.00111 
.00111 
.00111 


(0.00166 
.00166 
.00166 
.00166 
.00184 
.00203 
.00222 


Note. — To  find  local  cost  per  foot  for  trenching  and  backfilling  multiply  unit 
coet  per  foot  by  local  wage  per  man-hour  and  by  depth  of  trench. 


Latino  Pipe 


Weight  of 
pil>e  per  ft. 
Size  of  pipe,  in  lb. 

IK 2.28 

IH 2.73 

2 3.68 

3 7.62 

4 10.89 

6 19.19 

8 28.81 


Feet  of  pipe 

Unit  cost 

Weight  of 

Feet  of 

laid  per 

per  ft.  at 

pipe  per 

pipe  per 

per  hour 
by  gang 

$0.01  per 

man-hour 

man-hour 

man-hour 

237.5 

104.2 

312.5 

$0.000006 

236.4 

86.6 

260.0 

.oooife 

238.2 

65.0 

195.0 

.000154 

278.9 

36.6 

110.0 

.000273 

289.6 

26.6 

80.0 

.000376 

303.2 

15.8 

47.5 

.000633 

302.5 

10.5 

52.5 

.000052 

Note.^Laying  pipe  covers,  reversing  of  couplings  and  handling  of  the  pipe 
from  the  curb  line  to  the  trench  and  lowering  into  same.  The  woight  of  pipe  per 
man-hour  is  not  constant  due  to  the  reversing  of  a  variable  number  ot  coupUoge 
per  unit  weight  of  different  size  pipes.  To  find  the  local  coet  per  foot  multipqr 
unit  coat  by  local  pipemen  hourly  wa^e. 

The  number  of  men  engaged  in  laying  pipe  ie  taken  as  1  fmman  and  2 
men  for  all  eizes  with  the  exception  of  the  8-in.  pipe  when  4  pipemen  are 


^i 
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Jointing 

Unit  cost 

Joints  per  Ft.  of  pipe  per  ft.  at 

Number        hour  per  per  hour  $0.01  per 

Siie  of  pipe                                      of  men            gang  per  gang  man-hr. 

l>i 2                     9  180  $0.000111 

IH 2                     8  160  .000125 

2 2                      6  120  .000166 

3 2                      4  80  .000260 

4 2                      3  60  .000333 

6 2                      2  40  .000500 

8 3                      2  40  .000760 

Note. — Jointing  pipe  covers  the  work  of  entering  and  screwing  up  pipe  in  the 
trench.  The  number  of  joints  per  man-hour  varies  as  the  diameter  of  the  pipe. 
To  find  local  cost  per  foot  multiply  unit  cost  per  foot  by  local  wage  scale  per  hour. 

Explanation  of  Summary  Table  for  Standard  Screwed  Steel  Pipe. — Column 
A — Cost  per  foot  for  trenching  and  backfilling  a  trench  1  ft.  deep  at  a  labor 
cost  of  1  ct.  per  hour.  For  local  costs  per  foot  multiply  by  depth  of  trench 
in  feet  and  by  labor  wage  rate  per  hour. 

Column  B — Cost  per  foot  for  laying  pipe  at  a  1  ct.  per  hour  wage  scale. 
For  local  costs  per  foot  multiply  by  local  wage  rate  in  cents  per  hour. 

Colunm  C — Cost  per  foot  for  jointing  pipe  at  a  1  ct.  per  hour  wage  scale. 
For  local  cost  per  foot  multiply  by  local  wAge  scale  in  cents  per  foot. 

Colunm  D — Cost  per  foot  of  pipe  at  1  ct.     Substitute  local  cost  per  foot. 

Column  E — Drayage  cost  per  foot  at  $1  per  ton-mile.  For  local  cost  per 
foot  multiply  by  the  local  drayage  rate  per  ton-mile. 

Column  F — Storage  and  handling  cost  assumed  to  be  4  per  cent  of  material 
cost  regardless  of  locality. 

Column  G — Supervision,  engineering,  contingencies,  assumed  to  be  10  per 
cent  of  total  cost  regardless  of  locality. 

Summary  op  Unit  Costs 

General 
super- 
vision, 

Labor  ■  Material engineer- 

Sise  Trenching  ing, 

of  and  contin- 

pipe,  backfilling     Laying        Jointing      Pipe    Drayage    Storage    gencies 

inches  A  B  C  D  E  F  G 

m $0.00166  $0.000096  $0.000111  $0.01  $0.00114  4%  10% 

1>^ 00166  .000116  .000125  .01  .00136  4%  10% 

2 00166  .000154  .000166  .01  .00184  4%  10% 

3 00166  .000273  .000250  .01  .00381  4%  10% 

4 00184  .000376  .000333  .01  .00544  4%  10% 

6 00203  .000633  .000500  .01  .00959  4%  10% 

8 00222  .000952  .000750  .01  .01440  4%  10% 

Cost  of  Incasing  Steel  Pipe  with  Concrete. — H.  R.  Case,  Manager,  Temes- 
cal  Water  Co.,  gives  the  following  data  in  Engineering  News-Record,  Sept. 
20,  1917. 

Long  stretches  of  old  riveted-steel  water  pipe  have  been  successfully  incased 
in  reinforced  concrete  with  an  economical  method  in  use  by  the  Temescal 
Water  Co.,  Corona,  Calif.,  for  the  past  four  years. 

The  details  were  worked  out  for  use  in  covering  10,000  ft.  of  24-in.  riveted- 
sted  pipe  line  used  as  inverted  siphons  working  up  to  80  ft.  head.  This  line 
was  laid  30  years  ago  and  is  beginning  to  give  way  near  the  ends  of  the  siphons, 
vA  wfaffl«  light  wdght  steel  was  used  on  account  of  low  heads.     Possibly 
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9G%  of  tba  iroQ  la  still  In  the  pipe,  but  It  haa  rusted  badly  and  i>lttsd  paitlot 
larlr  at  the  seams,  so  that  It  has  been  neceaaar;  to  moke  repalra  during  tla 
IrrlsiLtlon  sesson.  The  system  not  only  protects  the  outside  ot  the  pipe  ind 
prolongs  its  life  by  the  jacket  of  reinforced  concrete,  but  eventually  utUlm 
all  the  Iron  In  tbe  old  pipe,  aod  when  It  has  disappeared  leaves  a  relntorced- 
concrele  pipe  without  joints,  sufHciently  atrons  to  carry  the  prossure. 

Figure  28  shows  the  details  of  tbe  wood  form  used  in  covering  tbg  M-lD. 
pipe.  The  forms  are  constructed  of  Oregon  ptoe  and  lined  with  No.  28  bitii 
lion,  which  savea  nut  only  (he  (onns  but  much  material,  making  a  gmiutb 
outside  surface  to  the  flniahed  pipe.  Forma  tor  24-ln.  and  larger  pipe  *a 
made  in  S-ft.  lengths,  while  tbe  smaller  sIech  ue  made  up  in  I2-rt.  IcDgtba 


Fm.  28.— Old  steel  iiuude  form  for  new  eonDrete  pipe. 

After  the  steel  pipe  la  uncovered  it  ia  thoroughly  scraped  and  cleaned  wlfll 
steel  brushes.  The  ground  under  the  pipe  is  then  ihaped  to  tbe  icquind 
depth,  the  pipe  being  supported  on  wood  blocks  until  the  tomu  are  sit. 
Bedplates  of  2  X  4sare  thenspaoed  withatemplate.slmllartotheendBBCtltfi 
of  the  form,  on  each  side  of  tbe  pipe  to  support  the  forms  when  In  place. 
The  wire-mesh  reinforcement  cut  to  50-  or  76-ft.  lengths  Is  Uuo  wound 
spirally  around  the  pipe  and  supported  where  the  edges  unite  by  small  cenunX- 
mortar  blocks  made  in  the  form  of  truncated  pyramids,  l>t  in.  high,  1  In. 
square  at  Ibe  base  end  H  >n.  at  the  apei.  which  is  placed  next  to  the  pip*. 
A  man  with  a  hand  mold  will  make  2,S00  or  3,000  (^  the  small  blocks  In  nine 
houis.    The  edges  of  the  mesh  rest  on  the  base  of  the  1 
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» 

eeping  the  wire  mesh  spaced  a  unlfonn  distance  from  the  steel  pipe  or  forms. 
m  the  blocks  are  placed,  the  edges  of  the  wire  mesh  are  tied  together  with 
"Jo.  24  soft  stovepipe  wire. 

The  forms  are  then  placed  on  the  2  x  4s  and  held  rigid  by  the  two  H-in. 

3olts  as  shown.     The  wood  blocks  supporting  the  pipe  are  removed,  and  the 

pipe  is  held  in  place  by  a  strand  of  wire  and  a  turnbuckle  clamp  until  the  form 

Is  filled  to  a  point  where  the  concrete  will  support  the  pipe.     The  concrete 

is  a  1: 2H '  1  mixture  of  cement,  sand  and  crushed  rock  or  screened  gravel  of 

H-in.  maximum  size.     It  is  mixed  by  hand  and  poured  rather  wet,  being 

worked  to  place  with  a  light  rod  and  by  tapping  the  forms  with  a  hanmier. 

Inlaying  the  pipe  up  hill  the  top  openings,  as  the  forms  are  filled,  are  closed 

vith  covers  clamped  to  place  until  the  concrete  sets  slightly,  when  the  covers 

are  removed  and  the  surface  is  well  trowled  and  smoothed .     The  next  morning 

the  forms  are  removed,  and  the  pipe  is  painted  with  neat  cement.     The  pipe 

l8  then  covered  with  soil  and  kept  wet  for  two  weeks. 

Progress  and  Cost. — Twelve  men  will  easily  build  and  backfill- 140  ft.  of 
IS-in.  pipe,  100  ft.  of  24-in.  or  80  ft.  of  30-in.  pipe  in  a  day  of  nine  hours. 
The  company  is  replacing  30-in.  steel  pipe  under  40-ft.  head,' placed  on 
bridges,  with  concrete  siphons  of  the  same  size,  at  a  cost  of  $2.50  per  ft., 
including  the  ditching.  Covering  24-in.  pipe  including  the  digging  costs 
'^70  per  ft.,  and  18-in.  pipe  $1.40  per  ft.  Cement  is  $2.30  per  barrel  and 
labor  from  $2.25  to  $2.50  per  day. 

Cost  of  Wood  Stave  Pipe  at  Seattle,  Wash. — The  following  data,  taken 
'rom  Engineering  and  Contracting,  Feb.  13,  1918,  show  the  cost  of  wood  stave 
pipe  in  place  at  Seattle,  Wa^ih.  The  work  was  done  in  1914  by  the  municipal 
water  works  of  Seattle.  The  figures  cover  the  cost  of  42-in.  and  54-in.  pipe 
and  are  based  on  lumber  at  $31.25  per  M  ft.  B.  M.  in  place,  steel  bands  at 
^H  ct.  per  pound  in  place  and  common  labor  at  $2  to  $2.25  per  day: 

Cost  of  42-in.  Pressure  Pipe  in  Place  Per  Lineal  Foot  with  3  M-in.  Bands 

Per  Foot 

Per  lin.  ft. 

27  ft.  B.  M.  of  fir  staves  at  $31.25  per  M $0.  844 

3  H-in.  bands  AOH  lb.  at  4J^  ct 1. 822 

3  mal.  iron  shoes,  5.64  lb.,  at  $0.0515 0.  290 

"  cu.  ft.  ex.  back  fill  per  lin.  ft.  at  31  ct.  per  yd 0.  551 

Total $3.  507 

Cost  of  54-in.  Pressure  Pipe  in  Place  per  Lin.  Ft.  with  3  ^-in.  Bands 
-  Per  Foot 

33 ft.  B.  M.  fir  staves-at  $31.25  per  M $1. 03 

3  ^-in.  bands  52H  lbs 2.  36 

3  mal.  iron  shoes,  5.64  lb.,  at  $0.0515 0. 29 

w  cu.  ft.  excavation  at  $0.31  cu.  yd 0.  72 

Total $4. 40 

42     in.— 25      ft.  B.  M.  per  ft 25  to  27  staves 

44     in.— 26      ft.  B.  M.  per  ft 26  staves 

54     in.— 33      ft.  B.  M.  per  ft 33  staves 

51H  in. — 40      ft.  B.  M.  per  ft 32  staves 

60     in. — 46>i  ft.  B.  M.  per  ft 37  staves 

48     in.— 30      ft.  B.  M.  per  ft 30  staves 

The  staves  for  this  51 H  ii^-  pipe  are  thicker  than  for  the  other  sizes. 

Forty  eight-incli  Wood  Stave  Pipe  Line  Across  Marsh  Land,  Atlantic  City, 
^-  J. — George  L.  Watson.  Engineer  for  the  contractor  describes  in  detail  the 
methods  employed  and  the  difficulties  encountered  in  carrying  on  the  con- 
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stniction  of  the  48-iii.  wood  stave  pipe  line  supplying  Atlantic  City,  fn  the 
Sept.,  1912  number  of  the  Journal  of  the  American  Society  of  Engineering 
Contractors.  The  following  data  are  taken  from  an  abstract  of  Mr.  Watson's 
paper  published  in  Engineering  and  Contracting,  Oct.  30,  1912. 

The  work  coasisted  of  constructing  25,500  lin.  ft.  of  48-in.  continuous 
wood  stave  pipe  with  three  submarine  "thorough-fare"  croesings.  The 
contract  price  for  which  was  approximately  $225,000. 

The  marsh,  across  which  the  pipe  runs,  is  flooded  at  high  tide  and  at  times 
the  work  was  completely  stopped  because  of  the  water  that  covered  the 
meadows.  The  surface  of  the  marsh  was  so  soft  that  it  was  necessary  to 
float  the  pipe  on  a  2  X  12-in.  plank  cradle.  This  consisted  of  a  2  X  12-in. 
plank  on  each  side  of  the  bottom  of  the  2>2'ft.  ditch,  in  which  the  pipe  was 
constructed,  with  the  cross-pieces  of  the  same  size  every  4  ft.  Manholes 
were  constructed  at  intervals  of  1.000  ft.  To  protect  the  pipe  line  across 
the  meadows  from  wave  and  ice  action  it  was  necessary  to  construct  fenders 
on  each  side  of  the  pipe  embankment. 

Construction  of  the  Pipe. — The  actual  construction  of  the  pipe  was  sub- 
divided  into  sections.  The  excavation  gang  consisted  of  a  Parsons  Trenching 
machine  and  six  men,  and  this  outfit  was  about  1,000  ft.  ahead  of  the  finishing 
gang.  This  machine  crept  along  and  excavated  a  trench  5  ft.  wide  and  2  ft. 
deep,  and  at  the  rate  of  500  ft.  of  ditch  per  day.  However,  there  were  so  many 
delayH  not  due  to  any  defect  in  the  machine,  that  it  was  not  found  expedient 
to  continue  to  use  this  machine  for  more  than  2>^  miles  of  the  work. 

Following  this  machine  was  a  gang  of  about  20  men  and  a  foreman,  who  had 
to  maintain  the  trench  the  proper  width.  This  was  necessary  because  the 
banlcs  continually  pushed  toward  each  other  into  the  trench,  and,  therefore, 
this  gang  was  generally  only  about  500  ft.  ahead  of  the  men  who  were  placing 
the  cradles  or  foundation  for  the  pipe.  It  was  necessary  to  keep  the  ditch 
about  8  ft.  wide  to  allow  the  men  to  do  all  the  work  properly  and  to  cinch 
the  bands. 

The  foundation  gang  consisted  of  six  men  and  a  foreman,  and  tljeir  duty  was 
to  build  the  timber  foundation  upon  which  the  pipe  was  laid. 

Then  came  the  pumping  gang,  which  consisted  of  six  men,  one  engine  man 
or  pump  man,  and  one  foreman,  and  whose  duty  was  to  keep  the  ditch  dry 
ahead  of  the  pipe  layers.  Their  outfit  consisted  of  a  larry  upon  which  was 
mounted  a  10  h.p.  Olds  gas  engine,  belt-connected  to  a  6-in.  centrifugal  pump, 
sod  spades  and  otlier  necessary  tools.  They  divided  the  trench  into  sections 
by  means  of  bulkheads,  and  kept  dry  only  the  sections  in  which  the  men  were 
working,  while  other  men  threw  up  low  dikes  around  the  excavation  to 
hold  back  tides  as  long  as  possible.  It  cost  about  2  cts.  per  linear  foot  to 
build  these  dikes. 

The  pipe-laying  gang  consisted  of  13  men  and  a  foreman,  and  they  were 
divided  up  so  that  in  laying  the  pipe  each  man  had  only  one  portion  of  the 
work  to  perform.  Two  men  were  located  on  the  bank  as  peddlers  to  handle 
the  material  of  which  the  pipe  was  assembled,  one  man  was  located  inside  the 
pipe  with  mallet  and  chisel  to  set  the  staves  and  round  them  out,  and  two 
men  placed  at  the  end  of  the  advanced  pipe  to  assist  in  setting  the  staven. 
Along  each  side  of  the  ditch  three  men  would  set  the  forms,  and  shape  the 
section,  while  two  men  at  the  head  of  the  section  were  employed  to  drive  the 
staves  home  and  band  them  up. 

To  as.semble  the  pipe  a  form  consisting  of  a  piece  of  3-in.  pipe  bent  to  A 
radius  of  26>^  ins.  and  reaching  half-way  up  to  the  circumference  was  laid 
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about  2  ft.  back  of  the  end  of  the  advancing  staves.  This  form  was  generally 
laid  flat  upon  one  of  the  foundation  cross-pieces;  then  five  or  six  staves 
were  set  at  the  bottom  and  tapped  into  position;  and  immediately  thereafter 
the  form  was  raised  to  an  upright  position,  thus  shaping  the  bottom  of  the 
pipe.  The  inside  form,  which  consisted  of  a  piece  of  2-in.  gas-pipe  bent  to  a 
radius  of  24-in.,  was  next  placed  inside  the  lower  portion  of  the  pipe.  It  was 
set  on  the  inside  of  the  pipe  directly  over  the  outside  form  and  the  additional 
staves  were  then  placed  under  the  direction  of  the  foreman  at  the  head  of  the 
pipe  who  calls  out  whether  he  wants  a  long  or  a  short  stave.  As  soon  as  the 
circle  was  completed  a  band  was  slipped  on  at  the  head  of  the  pipe  and  loosely 
cinched;  one  of  the  side  staves  was  then  marked  with  a  pair  of  calipers  and 
every  sixth  mark  crossed  as  a  guide  to  the  "banders"  who  followed. 

About  ten  bands  were  slipped  on  a  section,  which  was  then  "  rounded  out," 
rolled  and  "driven  home,"  after  which  the  gang  proceeded  to  lay  the  next 
section. 

The  pipe  gangs  averaged  about  150  lin.  ft.  of  pipe  per  day,  while  the  best 
day's  work  of  any  one  gang  was  680  ft.  Under  ordinary  conditions  400  ft. 
was  a  fair  day's  work,  but  the  construction  was  much  delayed  because  the 
men  could  not  stand  in  the  ditch  without  a  platform  or  they  would  sink  in  the 
mud  up  to  their  waists,  which,  together  with  the  large  amount  of  water  that 
had  to  be  pumped  was  the  cause  of  the  slow  progress  made. 

The  tides  also  proved  troublesome,  especially  when  the  wind  was  contrary, 
and  at  times  the  work  was  completely  stopped  because  of  the  water  that 
covered  the  meadows.  Another  thing  that  was  a  coastant  source  of  delay  was 
the  efifect  of  the  weather  on  the  staves.  The  specifications  called  for  29  staves 
to  complete  the  circle.  During  good  and  dry  weather  there  was  no  difficulty 
in  inserting  the  required  number,  but  the  slightest  change  in  the  weather 
affected  the  lumber,  and  if  the  air  was  damp  or  if  it  rained  it  was  impossible 
to  use  all  the  staves.  In  that  case,  unless  the  work  was  to  be  stopped  entirely, 
28  staves  and  one  strip  cut  out  of  a  full  stave  had  to  be  used. 

Following  the  pipe  layers  came  the  band  gang,  which  consisted  of  a  foreman 
and  20  laborers,  with  four  "band  men."  The  latter  were  paired,  one  of  each 
pair  on  opposite  sides  of  the  pipe.  They  slipped  the  bands  on  the  pipe  at  the 
marks'  made  by  the  pipe  layers  and  tightened  the  nuts  so  as  to  merely  hold 
the  shoes  in  position. 

The  cinching  gang,  which  came  next,  consisted  of  from  30  to  40  men  and  two 
foremen.  This  gang  had  to  tighten  the  nuts  on  the  bands  to  almost  their 
final  position  by  using  a  brace  wrench.  At  the  extreme  end  of  this  gang  were 
four  "spacers,"  who  hammered  the  bands  to  their  ultimate  position  and  gave 
the  nuts  their  final  tightening.  After  them  came  the  painters,  who  applied 
on  the  bands  the  remaining  coat  of  rust  preventive,  as  demanded  by  the 
specifications. 

Finally,  the  gang  which  completed  the  embankment  over  the  pipe  varied 
from  10  to  40  men,  depending  upon  the  tides  and  conditions  that  influenced 
the  building  of  the  pipe. 

Coat  Data 

The  following  are  cost  data  for  various  operations  of  the  pipe  line  work. 

Pipe  Line  Materials 

Staves,  147.17  f.  o.  b.  cars  job. 

Bands,  $2.20  per  100  lbs.  f.  o.  b.  cars  job. 

Saddles,  $3.50  per  100  lbs.  f.  o.  b.  cars  job. 

Clipe,  $3.50  per  100  lbs.  f .  o.  b.  cars  job.  • 
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Staves 

Unloading  from  cars  and  hauling  to  job,  2  miles $     1.00 

Sorting  into  sections  and  unloading 6. 00 

Loading  on  larries  (teams  S5.00  per  day,  10  hrs.) 2. 10 

Delivering  in  sections  along  R.  O.  W 1. 06 

Per  cent  of  cost  of  track  and  laying  30-lb.  rails 0. 15 

Supervision 2. 80 


Total  labor  cost  along  ditch S  11. 00 

Cost  lumber 47. 17 


Cost  per  M.  ft.  B.  M $  58. 77 

Bands 

Unloading   from   cars  at  Atlantic   City,   giving  second   coating   of 
asphaltum  as  called  for  by  Specs,  reloading  andsfaipping  to  Atraecon, 

N.  J.,  per  100  lbs ; . .  $    0. 10 

Unloading  from  cars  and  haul  to  job . 035 

Rehandling  in  yard .  015 

Third  coating  in  troughs.     (Laborers  at  $2.00  per  10  hrs.) .20 

Loading  on  cars .02 

DeUvering  along  R.  O.  W .22 

Per  cent  of  cost  of  track  laying .  005 

Supervision -. .  016 

Labor  cost  per  100  lbs $    0. 610 

Band  cost  per  100  lbs 2. 20 

Total  cost  per  100  lbs $     2. 810 


• 


Saddles 

Unloading  from  cars  at  Atlantic  City,   giving  second  coating  of 

asphaltum,  reloading  and  shipping  to  Absecon,  N.J $    0. 05 

Unloading  from  cars  and  hauling  to  job .  085 

Rehandling  in  yard .  015 

Third  coating  in  trough .10 

Delivery  along  R.  O.  W .22 

Loading  on  cars .01 

Per  cent  of  cost  of  track  laying .  005 

Supervision .  015 

Labor  cost  per  100  lbs $    0. 45 

Saddle  cost  per  100  lbs 8. 50 


Total  cost  per  100  lbs $     3. 950 

Clips 

Cost  per  100  lbs.  in  kegs  delivered  along  the  line  of  work $     8. 68 

Trenching 

Cutting  trench  2H  ft.  deep,  6  ft.  wide  by  Parsons  trenching  machine, 
trench  filled  with  water,  machine  carried  on  heavy  4  X  12-iii. 
planks  12  ft.  long  laid  crosswise  of  trench,  with  4  X  6-in.  planks  24 
ft.  long  laid  on  top  for  traction  wheels  to  rest  on,  coal  (S5.(X)  per  ton  ) 
carried  to  machine  by  men  in  50-lb.  sacks  across  marsh,  water 
rolled  in  barrels  across  marsh  one-half  mile  to  machine — cost  pet 
lineal  foot $    0. 20 

Trenching  by  hand,  cutting  ditch  to  8-ft.  width,  trimming  bottom  and 
sides,  men  in  ditch  standing  on  movable  platform  which  was 
dragged  along  with  them.     All  spoil  thrown  one  side  only .00 

Backfilhng  pipe,  using  material  excavated  from  trench  and  plaoins 
same  over  pipe,  p«r  hnear  foot .OO 
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Co9A  of  BuUdino  Pipe  \ 

Actual  cost  of  building  pipe  in  meadow  exclusive  of  foundation  or  repainting 
or  surplus  enbankment,  not  called  for  by  original  specifications 

29  ft.  B.  M.  at  .05877 $     1.  704 

80  lbs.  bands  at  .0281 2. 248 

10  lbs.  saddles  at  .0395 .395 

Total  material  per  linear  foot  of  pipe $     4. 397 

Machine  trenching .20 

Hand  trenching .09 

Pumping .10 

Lajring  pipe .13 

Bainding .11 

Cinching .42 

Spacing .103 

Painting .05 

Backfilling 09 

General  supervision .14 

Tools .10 

General  expense • .22 

Total  cost  per  linear  foot $    6. 150 

Actual  cost  of  building  pipe  in  Boulevard,  trench  8  ft.  wide,  7  ft.  deep,  running 
sand,  water  18  ins.  below  simace,  close  sheeting,  no  allowance  made  for  sheeting 
lomber,  which  was  afterward  used  in  fenders. 

Total  cost  materials $     4. 397 

Excavation  at  .31 .63 

Sheeting  16  sq.  ft.  at  .023 .368 

Pumping .16 

Laying  pipe .22 

Banding .13 

Cinching .48 

Spacing .12 

Painting .  055 

BackfiUmg 15 

Removing  sheeting .24 

General  supervision .14 

Tools 10 

General  expense .22 

Total  cost  per  linear  foot %     7. 410 

Actual  cost  of  building  pipe  along  side  of  Meadow  Boulevard  Road,  extra  was 

?udfor  removal  of  sloping  shoulder,  trench  8  ft.  wide,  3  ft.  deep,  in  moist  sand, 
otal  cost,  materials S     4.  397 

Excavation .07 

^ying  pipe .09 

"Ending .07 

gnching 383 

g>»cing .09 

Painting $         .04 

BackfilEng .08 

General  supervision .14 

Tools 10 

General  expense .22 

Total  cost  per  linear  foot S     5.  680 

Actual  costs  of  building  pipe  on  trestle  over  thoroughfare  crossings  3  hrs.  per  tide. 

Total  cost,  materials S     4.  397 

Temporary  working  platforms .20 

Additional  cost,  Ughters  and  scows .10 

^ying  pipe .13 

winding t .10 

Cinching .40 

Spacing ] '. .10 

Paintii •  G53 

Blocking  and  temporary  wedges -12 

Sjeneral  supervision 14 

Toob. .10 

^'•"'eral  expense •  22 

Total  cost  per  linear  foot » *    0-  OW 
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Embankment 

Cost  of  constructing  an  embankment  18  ins.  thick  on  top  and  2  ft.  thiek  on 
sides  over  pipe,  to  a  width  of  6  ft.  at  the  top,  12  ft.  at  meadow  level,  aH  material 
taken  from  meadow,  16  ft.  from  center  of  pipe,  trench  to  be  cut  even  and  graded, 
to  act  as  drain  for  water  in  pipe  trench. 

1  foreman  at  $4.00 S    4.00 

1  sub-foreman  at  $2.50 2. 50 

15  laborers  at  $1.75 26. 26 

1  waterboy  at  $1.00 1. 00 

Per  cent  of  cost  of  tools  for  sharpening 1 .  00 

150  ft.  per  day $  34. 75 

Cost  per  linear  foot .  231 

Timber  Foundation — Extra  Work 

Timber  per  1,000  ft.  f .  o.  b.  Atlantic  City $  26. 50 

Hauling  to  job,  6  miles,  one  trip  per  day 5. 00 

Unloading  to  cars  and  pushing  along  line 10. 00 

Unloading  from  cars,  sawing  and  assembling  along  ditch 1.  SO 

Placing  in  position  and  spiking 6. 00 

Supervision 2. 00 


Cost  per  M t  60.00 

Cost  per  foot  of  pipe .46 

Erection  of  Laborers'  Quarters,  etc. 

Cost  based  on  25,500  linear  feet  of  pipe,  for  building  and  erecting  one  bunk 
house  of  150  men  capacity,  one  house  of  100  capacity,  one  mess  houae,  one 
store  house,  etc. 

One  storehouse  and  one  foremen's  quarters,  no  lumber  taken  into  aooountr 
as  the  houses  were  torn  down  and  the  lumber  used  in  the  pipe  foundation  when 
a  change  of  base  was   made. 
Cost  per  foot  of  pipe f    0. 18 

Fender  Construction 

The  operation  costs  per  day  of  the  pile  driving  crew  were  aa  foUowa:  Thia  crew 
was  paid  12  hours  for  a  day  s  work,  but  worked  only  8  houra,  4  houra  on  eneh 
rising  tide. 

1  foreman  at  .80 S     9. 60 

1  enginenian  at  .30 8. 00 

1  topnian  at  .225 '. 2. 70 

2  deck  hands  at  .20 4.80 

2  set  men  at  .20 4. 80 

1  boatman  at  .20   2. 40 

Labor  per  day %  27. 90 

Coal 2.00 

Scow  rental 8. 00 

Total  cost  per  day $  87.  90 

8  piles  for  2  tides,  cost  per  pile 4. 74 

Cost  per  foot  of  pile  driven .  167 

This  cost  is  high,  but  it  must  be  borne  in  mind  that  the  tide  roae  and  fell  ao 
quickly  that  only  4  piles  could  be  driven  in  one  tide,  while  with  deep  water  26 
piles  could  and  haveMseen  placed  under  like  conditions. 

Fenders 

One  30-foot  pile  every  5  feet. 

Stringers,  two  2-in.  by  12-in.  lower,  two  2-in.  by  12-in.  upper  notched  in  niki, 
and  bolted  with  1-in.  by  8-in.  bolts  with  O.  G.  washers.  Uprigbta  2-in.  by  iS-io, 
—^  feet  long,  2  bolts,  one  in  upper  and  one  in  lower  atringer,  4  O.  G.  H-ia. 
washers.     Fenders  painted  with  bituminous  paint. 
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i  on  10  linear  feet  of  fender: 

of  creoBOted  piling  at  .28 -. $  16. 80 

?  piling 2.00 

J  ^ng 9. 42 

t  B.  M.  uprights,  f36.00  on  job 4. 32 

B.  M.  stringers,  $36.00  on  job 2. 88 

lumber  and  bolts,  including  boring  holes 47. 00 

g 1.00 

Qd  nuts 4. 80 

sion 6.00 

per  10  linear  feet  of  completed  fender $  93. 22 

r  linear  foot 9. 32 

•m  stringers  and  bolts  below  low  water  2  hours  work  per  dav,  all  timber 
out  in  position,  bored  and  bolted  and  placed  by  men  in  small  row  boats; 

8  or  lighters  to  be  had. 

Wages 

'ers,  $2.00  per  10-hour  day. 
s,  $2.00  per  10-hour  day. 
>,  $2.25  per  10-hour  day. 

$2.25  per  10-hour  day. 
J,  $1.75  per  10-hour  day. 
3,  $1.75  per  10-hour  day. 

bendent  and  engineer,  $11.66  per  day — $350.00  per  month, 
foreman,  $5.00  per  day. 
remen,  $4.00  to  $3.00  per  day. 
ion  foremen,  $3.50  per  day. 
len,  $3.50  per  10  hours, 
len,  $2.00  per  10  hours. 

9  paid  were  high,  as  all  work  was  in  water  always  at  least  18  ins.  deep, 
verage  life  4  weeks  with  good  care,  cost  $5.50  per  pair  wholesale.  Hard 
men  at  work,  600  to  700  on  payroll — 200  to  300  working. 

yriving  PUea  for  Manholes. 

30-foot  piles  for  each  manhole.  Manholes  1,000  feet  center  to  center, 
eludes  building  pile  driver,  assembly  of  plant,  driving  piles,  moving 
lismantling  and  returning  to  store  yard  and  completion. 

for  machine,  except  skids $  90. 00 

f  at  Absecon  Camp 20. 00 

;  engine  from  Atlantic  City  to  Absecon 15. 00 

nes,  bars,  rollers,  nippers,  tools,  etc 80. 00 

ssembling  driver — 

aan  carpenter  at  $5.00;  3  laborers  at  $2.00,  4  days 44. 00 

cost  plant $249. 00 

tling  engine  and  haul  to  yard 10. 00 

tling  leads  and  skids  and  haul  to  yard 22. 00 

$281.00 
dit  for  skids,  rope  and  tools  charged  to  another  branch  on 
letion  of  driving 56.  00 

charge  against  the  work  for  plant $225.  00 

ist  be  remembered  the  machine  started  at  Absecon  end  and  worked 
Atlantic  City;  all  piles  were  delivered  at  Absecon  with  exception  of  12, 
irere  delivered  on  "Old  Turnpike  Road;"  therefore  machine  had  to 
th  it  40  piles.  As  each  manhole  required  4  piles,  each  move  meant  4 
I  to  drag  forward,  but  you  can  see  the  handicap  the  work  was  done  under 
ao  base  of  supplies.  This  crew  started  out  before  track  was  laid  or 
built  and  water  sometimes  2  feet  deep  on  meadows,  so  that  machine 
e  blocked  up  or  fire  would  be  put  out. 
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PUe  Driving  Crew 

1  foreman  at  $4.00 $    4.00 

1  engineman  at  $3.50 3. 50 

1  top  man  at  $2.25 2. 25 

4  laborers  at  $2.00 8.00 

2  hours  of  superintendent's  time  at  $1.16 2.32 

2  hours  of  timekeeper's  time  at  .30 .60 

Coal,  delivered  within  2  miles  of  work  and  carried  in  50-Ib.  sacks  across 

marsh  by  men,  per  day — Coal  cost  delivered  $5.00  per  ton 4. 10 

Water  rolled  in  barrels  K  mile  across  marsh 1.05 

Oil,  waste,  etc .09 

Rental  charge  on  engine  and  boiler 2. 00 

Total  cost  per  day %  27. 91 

Number  of  days  worked 16 

Total  cost  of  labor $446. 56 

.  Total  cost  of  plant. 225.00 

Entire  cost  of  work $671. 56 

52  30-ft.  piles  driven  in  place: 

4  piles,  each  1,000  feet,  cost  per  pile $  12. 016 

Cost  per  linear  foot  of  pile .48 

Manhole  Gang 

1  foreman  at  $3.50 $     3. 50 

6  skilled  laborers  at  $2.00 12.00 

1  hour  timekeeper  at  $3.00 .SO 

1  hour  superintendent  at  $11.66 1. 16 

Per  cent  of  waterboy .09 

Cost  per  day $  17. 05 

Time  required  to  set  manhole  complete,  2  days 2 

Labor  cost  to  set $  34. 10 

Per  cent  of  plant  cost 1. 30 

Unloading  and  hauling  material 5. 00 

Coat  each , $  40. 40 

Cost  of  constructing  manholes  on  meadow  upon  piles  driven  by  pile  driving 
crew.     Weight  of  completed  manhole,  4^  tons.     Composed  of  1  Tee  (4,000  lbs.), 

2  Bells  and  Flange  Pins  (4,200  lbs.).  88  Wi-in.  by  7K-in.  Tobin  Bronse  Bolto 
and  Crex  Nuts,  2>^-in.  Seamless  Tubular  Lead  Gaskets,  1  Manhole  Plate  and 
Bolts.  Base  of  supplies,  average  \}>i  miles.  Plant  used  to  set  manh(de — 1 
tripod,  1  5-ton  chain  hoist,  1  2-ton  chain  hoist,  six  10-in.  X  10-in.  X  30-ft. 
timbers,  8-in.  X  8-in.  blocking,  chains,  tackle,  wrenches  with  3-ft.  hnndlnii, 
spades,  cross-cut  saws,  diagraphm  pump,  1  timber  cart,  wheels,  48-in.  with  10-in. 
tread  (iron),  coup  hooks,  etc.,  rollers. 

Manholes 

Unloading  from  cars  at  Absecon  and  hauling  to  end  of  track  at  Absecon 

Camp,  $1.00  per  ton  by  contract $     5.00 

Loading  on  cars  and  transporting  to  end  of  track 2. 10 

Unloading  on  cribs .80 

Excavating  around  piles  8  ft.  by  8  ft.  by  3  ft.  6  ins.  water  level  at  sur- 
face requiring  constant  pumping 3. 30 

Cutting  off  4  piles  and  capping .60 

Skidding  casting  over  hole  and  cribbing 6.20 

Bolting  on  2  bell  pieces,  including  gaskets 12. 00 

Lowering  into  position  and  adjusting 3. 10 

Supervision 6. 00 

Percentage  of  plant  cost  less  credit 1 .  30 

Total  labor  cost  each  for  setting %  40. 40 

Total  labor  cost  each  for  piles 51. 66 

Total  labor  cost  for  foundation  and  setting $  92. 06 

Cost  of  4  piles  delivered 16. 00 

Cost  of  2  caps  delivered 3. 04 

Final  cost,  including  piles,  foundation  and  labor $110. 10 
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Cost  of  building  intersection  at  Sta.  78  +  0  composed  of  two  48  X  42-in. 
reducers,  two  42-in,  gate  valves,  one  42  X  42  X  42-in.  T.,  one  42-in.  blank 
flange,  200  Tobin  bronze  bolts,  live  lead  gaskets,  etc.  Nearest  supply  depot, 
3  i^es.  Intersection  located  within  300  ft.  of  W.  J.  &  S.  R.  R.  main  line;  made 
arrangements  with  railroad  to  load  all  material  on  flat  car  at  Atlantic  City  ;  haul 
to  job  at  night  and  railroad  to  unload  all  material  on  ground  by  railroad  derrick. 

Unloading  from  cars  at  Atlantic  City  at  contractor's  plant ;  by  derrick 

of  all  material  for  intersection $     8.  70 

Loading  on  flat  cars  at  contractor's  plant  at  Atlantic  City  of  all 

material  and  tools  for  intersection 12. 30 

Hauling  to  job  by  railroad  and  unloading  on  ground,  railroad  derrick 

used 25. 00 

Excavation  8  X  8  X  3  ft.  6  ins.  water  level  at  surface  requiring  con- 
stant pumping 18. 23 

Cutting  off  12  piles  and  capping 1 .  97 

Laying  boards  for  track  to  skid  castings 2.  00 

Skidding  over  in  position  over  caps  of  all  castings 62.  10 

Bolting  up,  including  gaskets  and  blocking 42. 00 

Removing  blocking  and  lowering  into  position 18.  30 

Supervision 18. 00 

Percentage  of  plant  cost  less  credit 2.  60 

Total  labor  cost  for  setting $211 .  20 

Total  labor  cost  for  piles 154. 98 

Total  labor  cost  for  foundation  and  setting $366. 18 

Cost  12  piles  delivered 48.  00 

Cost  c&pa — 10-in.  by  10-in. — delivered 19.  82 

Final  cost,  including  piles,  foundations  and  labor $434. 00 

Curves  for  Estimating  the  Labor  Cost  of  "  Continuous  Stave  Pipe." — 
The  following  data  are  taken  from  an  article  in  Engineering  and  Contracting, 
Feb.  17,  1915,  by  Andrew  Swickard,  Hydraulic  Engineer. 

The  total  cost  of  a  "continuous  stave  pipe"  is  made  up  of  numerous  items 
and  is  about  as  follows: 


Factory  price  f.  o.  b.  cars 


Stave 
Cost  of  rough  lumber: 

Yarding 

Handling  to  mill 

MiUing 

Interest  and  insurance  , 
Transportation: 

Railway  or  boat. 

Wagon  or  auto  truck  to  convenient  points. 

Distribution  along  the  Une. 
Construction : 

Assembling  the  staves,  including  tongues,  with  only  enough  bands  on  to 
^       hold  them  together. 
Bands — 
Factory  cost  of  rods: 

Freight  charges. 

Wagon  haul. 

Distribution  along  pipe  line. 

Bending  to  proper  form. 

Painting. 
Factory  cost  of  shoes: 

Freight. 

Haul. 

Distribution 

Painting. 
^    Aasembung  on  pipe,  spacing  and  backclinching. 
Tongues — 
Factory  cost  of  band  iron: 

Freight. 

Hauhng. 

Catting  into  proper  lengths. 

Pfeintii^  and  distribution. 

27 
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The  cost  ot  transpoitatloD  la  Inc[dental  U>  the  dMance  uid  other  phjifcil 
condlllons  attendine  nciy  glvea  project.  The  same  appUea  to  the  dbttributloa 
of  the  iiiaterlal  along  the  pipe  line,  it  the  topography  Ls  Buch  that  wagons  cu 
be  dTavm  aLoog  In  the  immediate  vicinity  of  the  pipe  line,  the  taak  la  eaay  but 
If  the  line  la  along  the  aide  of  a  steep  canyon  and  the  muterlal  must  be  hobled 
rrom  below  or  let  down  from  above  by  means  of  an  aerial  tramway,  or  <^ier 
similar  means,  the  cost  becomes  comparatively  higb. 

After  the  stavea  have  been  distrlbuteil  along  the  line  at  convenient  points, 
In  piles  averaging  about  300  It.  apart  and  each  pile  containing  enough  atavei 
to  nil  In  the  Intervening  gaps,  the  material  must  be  sorted  and  laid  ahead  of  the 
construction  party  in  piles  containing  the  number  of  staves  necessary  to  com- 
plete the  ring  ol  the  pipe      This  phase  of  the  ( 


iMmbhng  the  staves,  ineertina  the  metal  touoM— 
.0  fC,  driving  the  utavfs  end-wiw,  and  oartins  ^Z 


of  assembling  the  staves  in  the  pipe.     The  c< 

only  enough  bands  put  on  to  hold  them  togE 

The  cost  curve  shown  in  Fig.  20  la  an  avetui 

below  S  Ft.  In  diameter:  above  6  ft.  the  cune  j^  merely  extended. 

b  based  on  8  hours  labor  at  la.SO  per  day,  one  foreman  at  S3  per  day,  and  ptt 

of  a  general  foreman's  time,  say  )-i  ot  16  or  (1.50  par  di 

The  cost  of  assembling  the  staves  of  a  66-in.  pipe  as  represented  hi  VIg.  IB  k 
23  cti.    In  an  actual  case  where  the  average  length  of  pile  set  up 
64  Uu.  ft.  the  detailed  cost  was  as  follows: 


i 
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distributed,  assembled  and  spaced  □□  the  pipe,  hammered  to  a  pnip^  ■eattuf 
on  the  wood,  and  ftnally  cinched.  The  dotted  Itne  la  Fig.  30  representa  the 
coat  of  putting  a  band  ttirough  tliia  process,  and  Figs.  31  B»d  82  represMit  Uw 

The  Iwnding  and  the  painting  of  the  rods  is  usually  done  Immediate^  along 
the  pipe  hoe,  it  l>eing  more  convenient  to  deliver  the  bands  straight  thui  bent. 
Also  it  is  desirable  to  keep  the  handling  of  the  bands,  after  the;  aie  pilntad, 
at  a  minimum. 

Tbe  bending  or  shaping  of  tl 
The  table  Is  a  aubsta 

Cost  Ceo+s  Pc  Band 


•-^rryinz  band  frcoa 
line.  TheBrabdi 
e  along  thediatil- 


clrcle  or  half  circle  on  the  toi 
used  when  the  rod  is  In  one 
piecea. 

The  quantity  and  the  character  of  the  paint  used  will  affect  the  tx 
painting:  the  quality  only  as  far  as  the  price  is  concerned,  but  the  cl 
will  influence  the  thickness  of  the  coat  and  waste.  The  une  of  ■  pklnt  tbtt  j 
dries  rapidly  and  thickens  quickly  in  the  dipping  vat.  and  therofois  TBqu&W  ' 
frequent  additions  of  a  tbimter,  will  result  In  coosldenbte  wMte,  eap«cUlj  « '  f 
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the  drlppMK  boud;  the  mint  tbat  drips  from  the  bimda  will  become  too  tblck 
to  lun  back  Into  the  vat. 

The  distribution  ot  the  bands  after  being  painted  ahould  have  cooalderabie 
attention  in  oidet  to  keep  the  cost  at  a  mlnlniuin.  They  are  beet  placed  when 
left  la  bundles  alongside  the  line,  out  of  the  vay  of  the  atave  assembling 
crew  but  so  that  the  band  asaemblers  have  merely  to  reach  tor  them.  The 
number  of  bands  distributed  over,  aay,  every  50  ft.  should  be  determined  by 
the  band  spacing  over  the  given  distance. 

The  cost  o(  back-cinching,  wblch  consists  ot  hammering  the  bands  to  a 
proper  bearing  on  the  slaves  and  cinching  them  down  tight.  Is  the  most  vaila- 

Ces*  Cenfs  Per  Band ' 


■0  duKi  of  labor  are  employed  on  this  part  of  the  work. 

''I' of  any  Item  otcoat  connected  with  the  actual  coustruction  of  the  pipe.  It 
>■  •  lliDughtlesB  sort  of  job  and  men,  good,  bad.  and  iudiifereiit,  are  usually 
Wit  this  task;  the  resulting  cost  in  a  way  corresponds  with  the  mea. 

The  cost  diagrams  give  average  costs  loi  building  "contiououa  stave" 
Mm.  The  cost  will  be  affected  by:  the  quantity  of  pipe  to  be  installed,  the 
"oncler  of  th«  season  as  affected  by  the  locality,  the  physical  cham^ter  of 
"•country  over  which  the  pipe  is  located,  and  the  kind  of  labor  that  is  avail- 
"*»-  A  jripe  built  on  a  bench  cut  into  a  tugged  mountain  side,  where  nearly 
""Jeectlon  at  pipe  set  up  will  have  to  be  curved,  would  run  up  in  cost.  The 
■MUblliit  <^  the  staves  under  such  condition  might  exceed  the  cost  given  by 
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the  curve  by  50  per  cent.  The  cost  of  the  items  connected  with  the  banding 
of  the  pipe  would  not  vary  nearly  aa  much  as  the  stave  work  under  such 
conditions. 

Example  of  Use  of  Unit  Costa. — As  an  example  of  the  use  of  the  cost  of  the 
various  items,  we  wiU  apply  them  to  an  assumed  case,  as  fellows: 

The  pipe  to  be  60  ins.  inside  diameter;  staves  2^^  ins.  thick,  milled  from  3  X 
6-in.  stock,  36  staves  to  complete  the  ring,  requiring  54  ft.  B.  M.  of  rough 
lumber  per  foot  of  pipe,  the  actual  material  in  the  finished  staves  being  75.7 
per  cent  of  that  in  the  rough  material  or  40.9  ft.  B.  M. 

The  total  length  of  the  pipe  being,  say,  30,000  lin.  ft.,  requiring  a  total  of 
90,000  bands,  or  an  average  of  3  bands  per  foot;  the  rods  to  be  made  from  H- 
in.  round  and  in  two  parts,  the  two  parts  together  weighing  19.6  lbs. ;  the  two 
shoes  for  each  band  weighing  3.5  lbs.,  or  1.75  lbs.  each. 

The  metal  tongues  for  the  stave  joints  will  be  approximately  2H  in  number 
per  foot  of  pipe,  weighing  1  lb.  if  cut  from  No.  10  iron,  1)4  ins.  wide. 

Assume  that  the  freight  on  the  staves  is  20  cts.  per  100  lbs.  and  that  thd 
cost  of  the  haul  from  the  railway  point  of  delivery  is  $1.25  per  ton;  that  the 
freight  on  the  rods,  shoes,  and  band  iron  is  75  cts.  per  100  lbs.  and  the  hauUug 
S1.25  per  ton. 

Assume  that  the  staves  cost  f.  o.  b.  cars  $38  per  1,000  ft.  B.  M.  of  TongjOL 
lumber;  that  the  rods  cost  $1.95  per  100  lbs.,  f.  o.  b.  cars;  the  shoes  $3.50  per 
100  lbs.,  and  the  band  iron  $2  per  100  lbs.,  f.  o.  b.  cars. 


Lb«. 

Assume  weight  of  staves  averages  2,700  lbs.  per  1,000  ft.  B.  M.,  then 

*u         •  u*         t     ^    c           '    2700  X  40.9  ,,^  ^- 

the  weight  per  foot  of  pipe  is T7i^ —      =  110.43 

Bands  weigh  per  foot  of  pipe  (19.  5  +  3.  5)  X  3  =   69.00 

Tongues 1.00 

Total  weight  =   180.48* 

*Lbs.  per  foot. 


Estimated  Cost  per  Foot  of  Pipe. 

Staves — 

,,  ,     .  ,    $38.00  X  54 

Material,      -  jqqq -  $2. 052 

Waste,  H  oil% -  0. 010 

^    .  ,  .     2700  X  40. 9  X  $0. 20  _   _„, 

Freight, ^i-ooo-x^OO '  '  • "  ^'^^^ 

^j     ..        2700  X  40.9  X  $1.25  ^  ,,_. 

Hauhng,  — -^-^^^-      -  0.069 

Assembling  (from  Fig.  29) »  0. 230  $2,589 

Tongues — 

Material,  1  lb.  X  $0. 02 -  0.020 

Waste,  iy2% -  0. 003 

T^    .  ,  ^     1  lb.  X  $0. 75  ^  ^„ 

Freight,   ^-          -  0.008 

„     ,    1  lb.  X  $1.25  -  -_, 

"^"^'-       "2000 "-  ^'^^ 

Cutting  into  clips -  O.OOS    O.OM 
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Bands — 

-,    ,          19.5  lbs.  X  3  X  SI. 95  ^   ,^, 

Rods,       ^ »     1. 141 

Waste,  M  of  1% =     0. 006 

„    .  U4.    19. 5  lbs.  X  3  X  $0.  75 

Freight,  ^ ^ =     0. 439 

„     ,    19.  5  lbs.  X  3  X  SI.  25  ^  ^^^ 

Haul, 2^^^ =     0. 037 

Q,  3. 5  lbs.  X  3  X  S3. 50 

Shoes, T^ =     0. 315 

Waste,  1  % "     0. 003 

„    .  ,  .    3.5  lbs.  X  3  X  SO.  75 

Freight,  — =     0. 079 

„     ,  3.  5  lbs.  X  3  X  SI.  25  ^  ^^ 

^*^' 2000 =  ^-^^ 

Bending  (Fig.  31 ),  1.05  cts.  X  3 =  0.  032 

Painting  (Fig.  31),  1.90  cts.  X  3 =  0. 057 

Distributing  (Fig.  31),  3.20  cts.  X  3 =  0.  096 

Assembling  (Fig.  32),  1.50  cts.  X  3 =  0.  045 

Cinching  (Fig.  32),  6.50  cts.  X  3 =  0.195     2.452 

Special  connections,  say =     0. 045 

Repairing  leaks,  say =     0.  025     0.  070 

Interest  and  depreciation  on  tools,  say 0. 015 

Overhead  charges,  say 0. 025 

Actual  cost  per  foot S5. 178 

Total  cost,  S5.178  X  30,000 =»        S155,340. 00 

The  cost  of  excavating  for  the  bed  or  trench  for  the  pipe  has  not  been  con- 
^dered;  that  being  practical  only  after  conditions  are  thoroughly  known.  A 
number  of  other  items  of  expense  might  be  necessary,  such  as  backfilling  under 
uid  perhaps  over  the  pipe,  building  roads  along  the  pipeline,  bridges  to  carry 
the  pipe  over  water-ways,  hoisting  the  material  from  a  road  in  the  bottom  of  a 
canyon  to  the  pipe  line  on  the  mountain-side  above,  and  others. 

Cost  of  Repairing  -the  Cedar  River  Wood  Stave  Pipe  Line  of  the  Seattle 
Vater  Works. — The  following  statement,  of  the  methods  and  costs  of  repairing 
the  Cedar  River  continuous  wood  stave  pressure  pipe  line  of  the  Seattle  water 
*orks,  was  pubUshed  in  Engineering  and  Contracting,  March  18,  1914,  and 
*w  compiled  fron  information  furnished  by  L.  B.  Youngs,  Sup't  of  the  Seattle 

}■     Water  Department. 

I  Cedar  River  Water  Supply  Pipe  Line  No.  1  was  put  in  commission  in  Jan., 
1901,    The   pipe    is    mainly    42    Ins.    inside  diameter,  though  some  parts 

I     *re  44  ins.     It  is  built  of  6-in.  staves  made  from  the  native  Douglas  firs. 

.  These  staves  are  cut  from  2-in.  X  6-in.  scantling  dressed  outside  and  inside 
to  true  circumferential,  and  on  the  edges  to  radial  lines. 

After  13  years  the  steel  bands  do  not  seem  to  be  seriously  corroded.  The 
staves,  however,  or  more  accurately  speaking,  individual  staves  here  and  there, 

i  hegan  to  show  evidence  of  serious  decay  as  early  as  seven  years  after  installa- 
tion. Other  staves  right  alongside  of  them  have  remained  practically  sound. 
U  has  been  necessary,  therefore,  to  renew  certain  staves,  rather  than  to  renew 
the  pipe  as  a  whole.  At  some  places,  where  the  pressure  is  light  and  where  the 
covering  is  of  loose  gravel  which  readily  admits  the  air  and  changes  of  tem- 
P^fiture,  sections  from  a  few  hundred  to  a  few  thousand  feet  have  been  fully 
'"PJaoed,  after  a  use  of  12  years,  with  new  pipe,  using,  of  course,  the  old  steel 
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The  method  of  repair  is  simple.  It  consists  of  uncovering  the  pipe»  looiflii- 
ing  the  bands,  taking  out  the  decayed  stave,  inserting  the  new  stave  in  its 
place,  and  cinching  the  pipe  up  again. 

After  the  staves  have  been  planed  to  form  in  the  mill  they  are  IH  ins.  thidL 
These  staves  will  hold  water  very  often  imtil  in  some  places  they  are  decayed 
untU  there  is  only  a  shell  K  ^-  thick.  Of  course  this  is  where  the  pressure  te 
comparatively  light,  and  the  backfilling  compact.  Sapwood  naturally  decays 
rapidly  and  the  department  specifies  that  not  more  than  ono-fourth  of  the 
thickness  of  the  stave,  and  then  only  on  the  inside,  shall  be  sap. 

Following  is  a  detailed  statement  of  the  actual  cost  of  replacing  1,600  lin.  ft. 
of  44-in.  pipe  in  1913.     Common  labor  was  $2.75  per  day. 

The  work  was  done  by  day  labor  imder  departmental  direction. 


Table  XXXIII. — Cost  of  Rebuilding  1,600  Ft.  of  44-zn.  Wood  Stavs  Pipi 

AT  Seattle,  Wash.,  in  1913 

Cost  of  Labor: 
Item:  Cost  per 

Excavation —  Amt.  Cost  lin.  ft. 

130  days  labor $     357.50     

28K  days  team 141. 25     $     498. 75         $0. 31 

Wrecking  pipe — 

30  days  labor 82. 50  82. 50  0. 06 

Painting  staves — 

17  days  labor 46. 75  46. 75  O.OS 

Erecting  pipe — 

72  days  labor 198. 00  198. 00  0. 12 

Cinching  pipe— 

58  days  labor 159. 50  159. 60  0. 10 

Tamping  pipe — 

78  days  labor 214.  50 

26  days  team 130. 00  344. 60  0. 22 


Total  cost  of  labor.  1.600  ft.  pipe $1 ,  330. 00 

Total  cost  of  labor,  1  ft.  pipe $0. 83 

Cost  of  Material: 

Coat  per 
Item:  Amt.  Cost  Un.  ft. 

42,551  ft.  stave  lumber  at  $31.25  per  M . . .  $1 ,  329. 72  $1 ,  329. 72  $0. 83 
Hauling  staves — 

6  days  labor 16.  50     

135^  days  team 68.  75  85.  26  0. 06 

155  gals.  C.  A.  wood  preserver  at  65  cts. .  100.  75  100. 76  0.06 

Total  cost  of  material,    1,600  ft.   pipe 

(exclusive  of  iron  bands  and  shoes) ...   $1 ,  515.  72 

Total  cost  of  material  perlin.  ft.  of  pipe $0. 96 

Total  cost  of  labor  per  line  ft.  of  pipe .88 

Total  cost  of  pipe  rebuilding  per  lin.   ft $1. 78 


The  painting  mentioned  under  labor  is  an  exper^ent.  The  deiMurtiiMll^ 
officials  cannot  say  just  what  its  effect  will  be. 

Life  of  Service  Pipes. — The  following  data,  from  the  ProlimiDuy  R^Mfft 
of  Committee  on  Service  Pipes  submitted  at  the  Portland,  Me.  ConvMitktf- 
of  the  New  England  Water  Works  Association,  are  given  in  Kngineering  aatf 
Contracting,  Dec.  11,  1916.  The  figures  given  are  the  averages  of  rwplli^ 
received  from  a  large  number  of  questionnaires  sent  out  by  the  cominUtot.  ' 


i 
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Years  before       life  of  pipe 
trouble  begins  (years) 

Plain  iron  or  steel 12  16 

Galvanized 15  20 

Lead JO  35 

LeadUned 10  23 

Cement  lined. 14  28 

Methods  and  Costs  of  Thawing  Water  Mains  and  Services. — Data  on 
the  1917-18  experiences  of  96  cities  with  frozen  water  mains  and  services  are 
included  in  the  report  of  a  special  committee  of  the  New  England  Water  Works 
Association.     The  methods  employed  by  these  cities  in  thawing  are  summar- 
ized by  Engineering  and  Contracting,  Jan.  18,  1919,  in  the  following  table: 

Mains,        Services, 
*  No.  cities  No.  cities 

Electricity 

Steam 

Hot  water 

Electricity,  hot  water 

Electricity,  steam 

Electricity,  hot  water,  steam , 

One  city  reported  that  the  blow  torch  was  employed  in  thawing  services; 
another  city  employed  fire. 

The  cost  of  thawing  with  electricity  per  job  varied  from  $20  to  $1.  A  sum- 
Diary  of  the  costs  is  as  follows : 

No.  dties  Reported    cost         No.  cities  Reported    cost 

3 $20  10 $10 

1 18  3 $8to$10 

3 $15to$16  21 $5to$8 

3 12  6 $3to$5 

2 11  5 Less  than  $3 

The  cost  of  thawing  with  steam  ranged  from  $4.50  to  $75,  the  later  figure 
^^  reported  by  Stamford,  Conn.  One  city  reported  a  cost  of  $5,  one  a  cost 
0^117.70,  one  $20,  one  $9.41,  one  $7.63,  one  $4.50,  one  $7.50,  one  $6.50,  one 
>16.50,  and  one  $14. 

The  reported  cost  of  thawing  with  hot  water  ranged  from  $2  to  $20.  Four 
cities  reported  the  cost  as  being  $2.  One  a  cost  of  $2.67;  three  a  cost  of  $3; 
fi^eacostof  $4 to$5; threeacostof  $5to$6;oneacost of  $11.20;one$14,  one 
j  117  and  one  $20.  One  city  reported  the  cost  as  being  5  cts.  per  foot  of  pipe 
i      " 


36 

31 

8 

8 

4 

11 

5 

24 

5 

6 

2 

10 

Tliree  cities  reported  on  the  cost  of  thawing  by  fire.  In  one  case  the  cost 
^$11.16,  in  another  $10.96  and  in  the  third  $10  to  $30. 

Cost  of  Water  Main  Cleaning  in  Kansas  City,  Mo. — The  following  data  are 
Ween  from  an  article  by  Charles  S.  Foreman  in  Engineering  News-Record, 
June  16,  1921. 

Mr.  Foreman  beUevea  that  the  following  essential  facts  based  upon  his 
®^)eriences  will  help  to  answer  some  of  the  questions  which  are  usually  asked : 

(1)  Cleaning  can  be  so  arranged  that  a  main  need  not  be  out  of  service 
'^Jgtt  than  tw^ve  hours  for  cleaning.  (2)  The  cleaning  process  is  not  injur- 
***  to  the  mains.  (3)  An  increase  in  carrying  capacity  of  from  60  to  85  per 
^  was  obtained  in  large  mains  and  the  carrying  capacity  of  such  mains  was 
^'''tored  to  that  of  new  pipe.     (4)  The  saving  in  coal  costs  alone,  derived  from 
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cleaning,  will  pay  the  entire  cost  of  cleaning  within  from  one  to  three  years. 
(5)  Laying  of  additional  mains  to  obtain  increased  capacity  can  be  posti)oned 
until  the  consumption  demands  are  equal  to  the  maximum  capacity  of  the 
old  main  on  the  basis  of  new  pipe.  (6)  When  taking  as  credits  such  items  as 
coal  saving  and  postponement  of  obligatory  laying  of  new  mains  the  entire 
cost  of  cleaning  is  saved  within  from  six  months  to  a  year. 

The  contractor's  price  for  cleaning  ranged  from  26c.  per  foot  for  16-in.  pipe 
to  45c.  per  foot  for  36-in.  pipe  and  the  total  cost,  including  all  expenses  for 
operating  valves,  cutting  and  repairing  pipe  and  for  all  necessary  sleeves  and 
material  was  $22,046  for  43,837  lin.  ft.  of  pipe  cleaned,  or  50.3c.  per  lineal  foot 
for  all  sizes.  The  total  cost  of  cleaning  the  various  sizes  including  pavement 
repairs  and  operation  of  valves,  etc.,  was  as  follows: 

Cost  per 
Length,  ft.  Size,  in.  Total  cost        lineal  foot,  centa     i 

7,202 16  $2,472.52  34.3 

7,280 20  $3,056.80  41.9 

3,371 24  $1,813.56  53.6 

8,984 30  $5,604.93  62.3 

17,000 36  $9,098.28  *             53.6 

The  table  on  the  following  page  shows  the  length  of  time  in  service,  the 
annual  operating  cost  for  coal  before  and  after  cleaning  of  the  various  sizes 
cleaned,  the  investment  required  and  the  annual  interest  thereon  to  obtain  the 
increased  capacity  by  laying  new  mains,  and  the  total  annual  saving  all  being 
based  on  5,000  ft.  of  each  size  and  on  the  normal  flow  through  the  pii>e  at  time 
tests  were  made. 

Cost  of  Cleaning  Water  Mains  of  Louisville,  Ky. — The  following  notes  are 
taken  from  an  article  by  F.  Osborne  Bedford  published  in  Engineering  and 
Contracting,  Sept.  6,  1911. 

Cost  of  Cleaning  Four-inch  Mains  in  Louisville. — The  COSt  of  cleaning  4-ln 
mains  for  the  Louisville  Water  Company  is  given  below.  These  costs  are  fo 
the  work  done  from  June  2  to  June  12  inclusive,  1909.  These  dates  are  selected 
because  at  that  time  the  most  troublesome  section  of  the  city  mains  where 
being  cleaned.  During  thase  eleven  days  7,937  ft.  of  4-in.  mains  were  deuied 
at  a  contract  price  for  all  labor  and  material  of  7  cts.  per  ft.  The  total  cost  to 
the  city  was,  therefore,  $555.59. 

Actual  Cost. — The  actual  cost  of  labor  and  material  used  in  this  job  was  as 
follows: 

42  4-in.  sleeves $  65. 88 

63  ft.  4-in.  pipe 18.  26 

Yarn 0.  60 

Lead 12. 00 

Cement 8. 00 

Sand 0.  66 

Labor 162. 90 

Teams 32. 00 

Overhead  charges 44.  69 

Total  actual  cost $336. 07 

Actual  cost  per  ft.,  4>4  cts. 

It  should  be  note<l  that  the  mud  and  incrustation  encountered  on  this  sectloi9> 
of  4-in.  pipe  nearly  closed  the  main.  The  deposit  in  this  section  of  the  dt^ 
was  mostly  a  yellow  mud  from  the  Ohio,  with  just  a  very  thin  scale  of  incnute-' 
tion  at  the  bottom  of  the  main.  The  capacity  of  this  main  was  incraaaed  889 
per  cent  by  cleaning. 
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Cost  of  Cleaning  Six-inch  Water  Mains  in  Louisville. — The  contract  piioe 
for  cleaning  the  6-in.  main  on  9,183  ft.  of  main,  for  labor  and  material,  was 
8  cts.  per  foot.     The  total  contract  price  was  $734.64. 

Actual  Coat. — The  actual  cost  for  labor  and  material  was  as  follows: 

33  6-in.  sleeves $  55. 77 

9  ft.  of  6-in.  pipe 3. 30 

Lead H.  72 

Yarn 0. 39 

Cement 4. 60 

Sand 0.80 

Labor 131. 69 

Teaming 24. 00 

Overhead  charges 28. 00 


Total  actual  cost $260. 07 

Actual  cost  per  ft.,  2.83  cts. 

The  writer  also  cleaned  water  mains  in  Middletown,  Pa.,  for  the  Midd]»> 
town  Sawtara  Consolidated  Water  Co.,  and  found  the  cost  of  the  work  theie 
about  the  same  as  in  Louisville. 

Cleaning  Large  Mains. — The  machine  used  for  cleaning  larger  size  pipe  sudi 
as  8-in.  and  over  Is  of  similar  design,  with  a  double  plunger  in  the  rear  so  u  to 
propel  the  machine  with  water  power,  thereby  doing  away  with  the  cable  used 
with  the  smaller  type  of  machine. 

The  writer  knew  of  one  case  in  the  East  where  about  five  miles  at  2(Mn. 
main  was  cleaned  at  a  contract  price  of  60  cts.  per  ft.  This  price  was  exhort^ 
tant.  As  a  matter  of  fact  the  entire  live  miles  of  pipe  were  cleaned  in  about  two 
weeks  at  a  total  cost  not  exceeding  $1,500.  It  has  been  the  writer's  obsorft- 
tion  that  such  exorbitant  prices  have  kept  many  water  companies  from  dean- 
ing  their  mains  by  contract.  It  is  the  judgment  of  the  writer  that  water 
companies  would  save  a  great  deal  of  money  by  cleaning  their  own  maiiiB. 

Prices  per  Linear  Foot  for  Cleaning  Water  Pipe. — The  following  data  an 
taken  from  an  abstract,  of  a  paper  by  Caleb  M.  SavUle,  Chief  Engineer  of  tba 
Board  of  Water  Commissioners  of  Hartford,  Conn,  before  the  New  TCngiiiH 
Water  Works  Association,  published  in  Engineering  and  Contracting.  Feb. 
18,  1914. 

The  city  of  Hartford,  Conn,  is  supplied  with  water  by  gravity,  there  being 
three  mains  connecting  Reservoir  No.  1  with  the  city  as  follows:  two  20-in. 
mains  and  one  30-in.  main.  The  south  20-in.  main  originally  laid  in  1867 
had  been  largely  relaid .  The  north  20-in.  main  was  laid  in  1875  and  was  tben" 
fore  37  years  old  when  cleaned.  The  30-in.  main  was  laid  in  1896  and 
16  years  old  when  cleaned. 

The  supply  of  water  was  inadequate  through  these  pipes  and  there 
considered  the  advisability  of  constructing  a  new  connecting  main  or  of 
ing  the  existing  mains. 

If  a  new  supply  pipe  was  laid  it  would  be  at  least  36  ins.  in  diameter 
about  33,000  ft.  long.  At  a  minimum  price  of  $8.25  per  linear  foot,  this  Ua0 
would  cost  about  $270,000,  the  interests  on  which  at  5  per  cent  simple  intern^ 
would  be  $13,500  per  year,  and  at  compound  interest  the  charge  would  bB 
$74,500  in  five  years. 

The  preliminary  estimate  for  cleaning  three  miles  of  30-in.  and  sis  mflea  of 
20-in.  pipe  was  $15,300,  a  little  more  than  the  interest  for  one  year  on  tM 
amount  necessary  to  lay  a  new  36-in.  main.  If,  therefore,  the  oonstnictloB 
of  the  36-in.  main  could  be  put  off  for  five  years  without  detriment  to  tli0 
service,  the  saving  to  the  city  was  estimated  to  be  about  $60,000. 
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ist  prices  quoted  by  the  National  Water  Main  Cleaning  Co.,  of  New 
)r  doing  work  in  the  distribution  system  were: 

;icE8  Feb  Linear  Foot  of  Watbb  Pipe  fob  Mechanical  Cleaning 

Cost  per 
.  of  pipe  ft.,  ots. 

16 

17 

18 

22 

26 

30 

40 

65 

80 

)  list  prices  were  stated  to  be  for  average  conditions  for  lengths. of  five 
*  more  only  for  purposes  of  preliminary  estimate,  and  were  submitted 
B  reservation  that  local  conditions  might  cause  considerable  variation 
ray.  In  Hartford  a  price  of  28  cts.  per  linear  foot  for  20-in.  pipe  was 
>r  a  3-mile  contract,  with  a  further  reduction  if  a  greater  length  was 
The  conditions  were  exceedingly  favorable  for  a  large  part  of  the 
account  of  few  consumers  on  the  line,  advantageous  location  of  gate 
jid  blow-offs  for  cutting  out  sections  of  proper  length  and  also  because 
allel  main  with  cross-connections  which  gave  ample  water  for  operating 
shine  without  interference  with  the  city  supply. 
Ltract  was  entered  into  Sept.  4,  1912,  with  the  National  Water  Main 
g  Co.  to  clean,  on  trial,  3  miles  of  20-in.  pipe,  and  if  satisfactory  results 
»tained  the  cleaning  process  might  be  continued  through  several  miles 
ud  of  20-in.  and  three  miles  of  30-in.  pipe. 

:  was  begun  Sept.  6  and  suspended  on  Oct.  24  on  account  of  scarcity 
T  in  the  reservoirs.  The  results  were  very  satisfactory  and  during 
lod,  49  days,  a  total  of  33,093  lin.  ft.  was  cleaned.  On  this  section 
ere  154  service  pipes  which  were  shut  off  during  cleaning  and  only  four 
an  interfered  with  by  the  cleaning  operations.  Three  of  these  were 
)n  meters  located  at  the  street  line  with  no  curb  cocks,  and  it  was  neces- 
remove  the  meter  and  clean  out  the  dirt.  The  other  service  afltected 
igged,  but  was  easily  relieved  by  a  force  pump. 

usual  force  employed  on  this  work  was  a  superintendent,  a  foreman, 
r,  14  laborers  and  a  double  team  for  carting  pipe,  materials  and  supplies, 
jr  average  conditions  3,000  lin.  ft.  was  found  to  be  the  maximum  effect- 
igth  for  cleaning.  The  contractor  stated  that  5,000  ft.  had  been 
fully  cleaned  by  him  elsewhere,  although  in  some  places  it  had  been 
B  to  go  only  1,500  ft.  at  a  time,  using  water  to  drive  the  machine.  If 
chine  is  drawn  through  by  a  cable,  the  length  of  section  Is  from  500 
K)  ft.  It  is  stated  that  the  machine  can  be  operated  by  water  under 
»f  as  low  as  10  or  12  lbs.  The  least  available  head  on  the  Hartford  lines 
newhat  greater  than  this. 

tive  Merits  and  Costs  of  Dug  and  Driven  Wells. — The  following  data, 
a  Engineering  and  Contracting,  July  14,  1915,  are  taken  from  a  paper 
the  Boston  Society  of  Civil  Engineers  by  William  S.  Johnson,  Consulting 
er  and  published  in  the  Journal  of  the  Society  for  May,  1915. 
)  the  rrfative  merits  of  driven  wells,  dug  wells  or  filter  galleries,  there  is 
sticm  but  that  dug  well  is  the  most  satisfactory,  provided  the  conditions 
orable  and  if  the  expense  is  not  too  large.    Where  water  is   obtained 
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from  some  neighboring  water  source  and  the  depth  ot  porous  material  is  small, 
a  filter  gallery  parallel  to  the  shore  of  the  surface  source  may  be  desirable. 
Where  the  water-bearing  soil  is  at  some  considerable  depth  it  is  almost  invari- 
ably much  cheaper  to  obtain  water  by  means  of  tubular  wells. 


Table  XXXIV.— Cost  of  Dug  Wells 


Year 
Place  built 

Bedford. 1909 

Avon 1895 

Canton 1889 

Cohasset 1909 

Greenfield 1913 

Henniker,  N.  H 1914 

Manchester 1892 

Marblehead 1912 

Middleborough 

Waltbam 

West  Warren 1913 

Winchendon 1911 


Depth 

Diameter 

in  ft. 

in  ft. 

COBt 

21.0 

20.0 

S  8,981 

22.0 

20.0 

3,317 

29.0 

40.0 

8.555 

33.67 

25.0 

3,500 

31.0 

40.0 

7,850 

25.15 

20.0 

2,141 

29.0 

32.0 

10,476 

31.0 

25.0 

6.100 

22.0 

26.0 

4,964 

18.0 

40.5 

8.940 

18.0 

20.0 

3.800 

35.0 

40.0 

7.815 

Between  these  two  extremes  the  best  method  to  adopt  must  be  determined 
by  local  considerations.  One  of  the  advantages  of  the  dug  well  is  that  there  is 
a  large  body  of  water  in  store  from  which  to  draw  while  the  pumps  are  being 
run,  and  when  this  is  exhausted  the  well  has  the  time  until  the  pumps  are  next 
operated  to  recover.  This  means  that  pumps  of  larger  capacity  can  be  used 
than  with  the  driven  well  plant.  Furthermore,  under  these  conditions  the 
average  suction  is  likely  to  be  less,  as  in  the  case  of  driven  wells  the  ground 
water  level  at  the  wells  goes  down  quickly  when  the  pumps  are  started. 

Perhai»  the  chief  advantage,  however,  of  the  large  well  is  the  avokiaDoe  of 
troubles  from  sand  and  air  which  are  likely  to  occur  in  any  driven  well  plant. 

Construction  of  Wells. — The  construction  of  tubular  w^ls  and  the  method 
of  making  connections  with  the  suction  pipe  are  of  the  greatest  importaooe, 
as  the  leakage  of  a  small  quantity  of  air  will  cause  endless  trouble;  and  it  is 
also  desirable  that  it  should  be  possible  to  cut  out  any  particular  well  from  the 
system. 


Table  XXXV. — Cost  of  Tubular  Wells 


Place 


No.  and 


Ashland 12-2^ 

East  Brookfield 9-2H 

East  Douglas 9-2H 

Duxbury 22-2H 

Littleton 10-2M 

Merrimac 18-2H 

North  Chelmsford 2(>-2H 

Oxford 15-2H 

PeppereU 34-2H 

Plainville 11-2M 

Uxbridge 15-2H 

Wrentham 9-2}^^ 

State  School 6-2H 

Fairhaven 30-2H 

Wareham 12-2H 


Depth, 
size     in  ft. 

25-32 
20.  7  av. 


in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 
in. 


Cost 
of  wells 

$1,267 
604 


27.8  av. 
22  av. 
35  av. 
30  av. 
24-28 
19-28 
25-50 
26-35 
29  av. 

22H  av. 
39  av. 


Cost,  in- 
cludlnc 
suction 
Cost   to  pump" 
per  well    station 

$105.00  $1,460 
67.  20 

629 

3.324 
2.000 
3.100 


2.800       140.00 


2,704 
4.500 
1,800 
1,048 
680 
2.040 
1.160 


79.50 


800 
3.200 


112.50 

116.50 

113.20 

68.00 

97.00 


6,6i» 
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isual  size  of  driven  wells  in  New  England  is  2H  ins.  The  adoption  of 
I  is  simply  the  result  of  experience,  as  it  is  found  that  this  is  about  as 
)ipe  as  can  well  be  driven  under  ordinary  conditions,  and  it  is,  of  course 
Q  to  have  the  pipe  as  large  as  is  feasible.  For  the  well,  an  extra  heavy 
-iron  pipe  should  be  used,  as  in  the  process  of  driving  the  pipe  receives 
rd  treatment  and  it  requires  a  heavy  pipe  to  stand  the  strain.  The 
e  driven  with  open,  ends  except  in  the  case  of  very  fine  sand,  when 
i  have  to  be  resorted  to.  The  bottom  length  of  pipe  is  perforated 
arge  niunber  of  small  holes  about  )^  in.  in  diameter  for  a  distance  of 
2  ft.  from  the  end  of  the  pipe. 

wo  methods  of  driving  the  pipes  most  commonly  in  vogue  are  the  use 
Kxl  carrying  a  pulley  block  over  which  the  rope  carrying  the  driving 
passes  to  men  standing  on  the  ground,  and  the  use  of  a  platform, 
.  to  the  well  casing  above  the  ground,  upon  which  the  men  stand  and 
Irivlng  weight  by  hand.  The  use  of  the  tripod  is  the  simpler,  but  the 
L  has  the  advantage  of  carrying  the  weight  of  the  men  upon  the  pipe, 
ssists  materially  in  sending  the  pipe  down  with  each  blow.  It  would 
at  the  raising  weight  by  a  rope  would  be  much  easier  for  the  men 
jtoop  and  lift  the  weight  as  is  necessary  with  the  platform.  Men,  how- 
dine  toward  the  platform  method. 

the  pipe  is  driven  and  washed  out,  it  is  cut  ofF  at  the  level  at  which  the 
is  to  be  placed.  A  long- turn  T  is  put  on  and  then  the  pipe  is  continued 
>mewhat  above  the  surface  of  the  ground,  the  object  of  the  extension 
jrface  being  to  provide  access  to  the  well  for  cleaning  out,  as  sand  is 
•  work  into  the  pipe.  The  well  is  then  connected  to  the  suction  with 
>ipe  and  a  lead  gooseneck,  each  connection  being  provided  with  a  gate 
It  can  be  shut  off  in  case  it  gives  trouble.  The  object  of  the  piece  of 
to  give  flexibility  to  the  connection  and  prevent  danger  of  leakage. 
»l  Water  Supply  Wells  in  Iowa. — The  following  table  is  arranged  from 
blished  in  Engmeering  and  Contracting,  Jan.  27,  1915  given  by  Prof. 
Dunlap  in  University  Extension  Bulletin  No.  8  of  the  State  University 
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Table  XXXVI. — Cost  op  Water  Supply  Wells  in  Iowa 


Place 


Clarinda. 
Red  Oak. 


Ida  Grove . . , 


Le  Mars 

Boone 

Shenandoah.... 
Marshalltown. 
Muscatine 


a 


8 

o 

08 


1905 
1914 


I 


o 


1 
1 


1911 
1892 
1900-14 
1902 


1 
28 

6 
51 
14 


Waterloo 1910-11 

Mason  Cityi...  1913 

Waterloo 1905-7 

Mason  City...  1912 

Waterloo 1904-5 

Fort  Dodge.. .  1907 

Algona^ 1914 

Rockwell  City  1912 

Charles  City...  1914 

Waverly 1899 

Cherokee 1913 

Rockwell  City  1904 

Cedar  Falls'. .  1912 

Glenwood 1891 

Charles  City..  1905 

Mason  City...  1911 

Fort  Dodge  . .  1913 

Cherokee 1913 

Charles  City.  .  1914 

Waterloo 1913-14 


65 
59 


-s 


Diameter       "^ 
ins. "S 

Top  Bottom    H 


S 

s 

s 

(8 


S 

-.  a 

Is 


§ 

••I 

I 

s 


1       30 


Dug  wells 

10  ft.-cement  curb  Gvl.       $5,000  $77.00 
18  ft.-conc.  block 

curb  Gvl. 

225  ft.-brick  curb  Gvl. 


5.500     93.20 
2.200     73.50 


Shallow  wells 


60-65 

30-45 

40-48 

37.5 

48-50 


36 

12 

6 

6 

6 


36 

12 

6 

6 

6 


Deep  wells 


1.365 

1,200 

1,377 

1.217 

1,373 

1,828 

998 

1,543 

250 

1,720 

200 

950 

125 

2,000 

1,589 

865 

200 

209 

250 

1,377 


20 
20 
16 
16 
16 
15 
12 
12 
12 
12 
10 
10 
10 
10 
10 
10 
8 
8 
6 


12 
12 

8 
10 

8 

5 
10 

6 
10 

8 

6 
8 
4 
8 
8 


6 


60-65  Gvl. 
30-45  R.  S. 
46-48  Gvl. 
37. 5  Gvl. 
48-50  Gvl. 


860  Ss. 

280  Ss. 

776  Sb. 

160  Sb. 

862  Sb. 

"374  'Sfl.' 

1,470  Sb. 

75  Ls. 

100  Sb. 
Sb. 

500  liB. 

120  Lb. 
1.773  

851  Ss. 

175  Ss. 

•  ■  •     •  •  •  • 

117  Ss. 

75  Ls. 

Ss. 


500 

33,823 

1.200 

5.610 

1.400 


$10,855 
5.975 
8,054 
6.295 
5.956 
8.000 
5.100 
7,340 
1,000 
3.300 
1.920 
4.750 
1,800 
7,265 
5.346 
2.712 
1.500 
700 
426 
8.356 


8.00 
32.25 
4.26 
2.98 
2.04 


7.95 
4.08 
5.85 
5.17 
4.85 
4.87 
5.10 
4.75 
4.00 
1.92 
9.60 
5.00 
4.80 
8.64 
8.36 
3.18 
7.50 
3.85 
1.70 
6.07 


Note— 

1.  Drilled  24  ins.  in  diameter  and  filled  with  concrete  outside  20-in.  caainf 
to  cut  off  surface  water. 

2.  The  10-in.  casing  is  374  ft.  long,  and  extends  to  the  siu*face  ioside  the 
12-in.,  which  is  304-ft.  long. 

3.  Double  cased  with  70  ft.  of  12-in.  casing  and  then  120  ft.  of  10-in.  inside. 
*Gvl.  »  Gravel,  R.  S.  =  River  Sand,  Ss.  =  Sandstone,  Ls.  ■*  Limestone. 


CHAPTER  VIII 
WATER-TREATMENT  PLANTS 

The  subject  of  water  purification  and  treatment  is  a  growing  one  and  its 
mportance  becomes  greater  with  increasing  population  and  the  consequent 
langer  of  contamination  of  public  water  supply.  In  this  chapter  are  included 
Lot  only,  general  data  on  the  cost  of  constructing  and  operating  water-treat- 
aent  plants  but  also  detailed  costs  of  specific  operations. 

Further  cost  data  on  this  subject  will  be  found  in  Glllettes'  **  Handbook  of 
^€}Bt  Data."  For  costs  of  pumps  and  pumping  the  reader  is  referred  to 
villette  and  Dana's  "Handbook  of  Mechanical  and  Electrical  Cost  Data." 

Hypochlorite  and  Liquid-chlorine  Costs. — The  following  data  published 
Q  Engineering  News-Record,  May  3,  1917,  are  taken  from  a  paper  by  Philip 
burgess,  before  the  Indiana  Sanitary  and  Water-Supply  Association  in  Feb. 
917. 

Hypochlorite  and  liquid  chlorine  at  Indiana  water-treatment  plants  in 
.916  averaged  8.5  lb.  of  hypochlorite  and  1.8  lb.  of  Uquid  chlorine  per 
1,000,000  gal.  of  water  treated.  The  average  costs  were  5.3  and  16c.  per  lb. 
espectively.  Thus  Uquid  chlorine  cost  only  60%  as  much  for  material  as 
lypochlorite. 

Cost  of  Liquid  Chlorine  Treatment  of  Water. — Engineering  and  Contract- 
ng,  April  10,  1918,  publishes  the  following  cost  data  on  the  operation  of  Uquid 
chlorine  plants  giv^i  in  a  recent  technical  pai)er  of  the  New  York  State  Depart- 
ment of  Health  prepared  by  C.  M.  Baker,  assistant  engineer.  Division  of 
Sanitary  Engineering.  The  figures  show  the  approximate  cost  of  apparatus, 
maintenance  and  operation  of  the  plants  at  Hudson  Falls,  N.  Y.,  and  West- 
field,  N.  Y.  The  costs  of  chlorine  treatment  at  these  two  plants  was  as 
loUows: 

Hudson  Falls 
Apparatus — 

CUorinator ' $400. 00 

Apparatus  for  testing  B.  coli 25. 00 

Incubator 10. 00 

Total $435. 00 

Yearly  cost,  interest  at  5  per  cent $  21. 75 

^ration — 

Chlorine,  100  lb.  at  9^  ct $     9.  50 

Freight 1. 05 

Trucking .50 

Total $11.05 

Yearly  cost  based  on  treating  600,000  gal.  per  day  with  .3 

parts  per  miUion  of  chlorine 60. 44 

Maintenance  per  year 15. 00 

.     Total  yearly  cost ' $  97. 19 

Cost  per  1,000.000  gal.  water  treated 0. 44 
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Westfield 
Plant— 

Apparatus $450. 00 

Building 125. 00 

Stove 10. 00 

Total $585. 00 

Yearly  cost,  interest  at  5  per  cent $  29. 26 

Operation — 

Chlorine,  100  lb.,  at  17>^  ct $  17. 60 

Freight .65 

Cartage 1. 25 

Total  cost  of  chlorine  per  100  lb '. . .  .   $  19. 40 

Yearly  cost  of  chlorine  based  on  treating  1,000,000  gal.  per 

day  with  .3  parts  per  million  of  chlorine. . .  177.00 

Attendant  per  year 100. 00 

Oil  for  heater 20. 00 

Maintenance  per  year,  estimated 20. 00 

Total  yearly  cost $346. 26 

Cost  per  1,000,000  gal.  water  treated 0. 95 

At  Hudson  Falls  the  plant  is  located  in  the  pumping  station  and  is  attended 
by  the  engineer,  thus  eliminating  the  cost  of  the  building,  heating  and 
attendance,  while  at  Westfield  the  plant  is  2  miles  in  the  country  and  a  new 
separate  building  had  to  be  constructed  to  house  the  apparatus.  The  otho* 
item  of  di£Ference  in  cost  is  chlorine.  With  the  cost  of  chlorine  the  same  at 
Hudson  Falls  as  at  Westfield,  viz.,  17 M  ct.  per  pound,  the  total  cost  per 
1,000,000  gal.  of  water  treated  would  be  $0.64  instead  of  $0.44. 

Cost  of  Electroljrtio  Chlorine. — The  following  matter  is  taken  from  an 
abstract  published  in  Engineering  News — Record,  May  24,  1917,  of  a  paper 
before  the  American  Water  Works  Association  by  F.  H.  Pitcher  and  Jamea 
O.  Meadows,  respectively  chief  engineer  and  filter  superintendent  of  the 
Montreal  Water  and  Power  Co. 

The  electrolytic-cell  installation  has  been  in  service  since  only  the  first  part 
of  1917,  but  during  that  time  many  interesting  data  have  been  secured. 

The  chlorine-cell  installation  includes  a  salt-storage  bin  having  a  capacity 
of  40  tons  of  salt,  the  brine  saturating  and  purifying  equipment,  two  16-lip. 
motor  generator  sets,  four  chlorine  cells,  and  the  silver  ejectors  and  distri- 
buting lines  for  applying  the  chlorine  water  to  the  water  to  be  treated. 

The  brine  saturating  and  purifying  equipment  consists  of  three  vertical 
galvanized-iron  saturators,  27  in.  in  diameter  by  6H  ft.  in  height,  provkled 
with  a  spray  system  at  the  bottom  and  an  outlet  6  in.  from  the  top  and  two 
concrete  reaction  tanks  having  a  capacity  of  82  cu.  ft.  each.  These  tanks 
are  built  with  sloping  bottoms  and  have  a  pipe  grid  for  air  agitation.  Twa 
sand  filters  are  provided  for  filtering  the  purified  brine,  which  passes  from  tho 
filters  to  the  two  concrete  storage  tanks,  having  a  capacity  of  276  cu.  ft.  eadi. 

The  distributing  lines  for  applying  the  chlorine  water  to  the  water  to  be 
treated  are  1-in.  chemical  hose  lines.  The  chlorine  gas  is  ejected  into  the 
water  by  means  of  a  silver  ejector,  which  maintains  a  4-in.  vacuum  od  the 
chlorine  cells  and  takes  the  gas  from  the  chlorine  main  through  the  ejector  to 
distributing  lines. 

The  electrolytic  cell  is  of  the  Allen-Moore  type.  It  is  a  standard  SCO-amp. 
cell  and  is  7  ft.  long  by  20>g  in.  wide.  Each  cell  is  provided  with  Acfaesoo 
graphite  anode  plates  and  pure  wrought-iron  perforated  cathode  plates.  Tta0 
Allen-Moore  cell  is  of  the  unsubmerged  diaphragm  type  and  uses  aabcrtci 
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paper  for  the  diaphragm  material.  Unlike  several  other  types  of  electrolytic 
chloroine,  cells  the  cell  box  of  the  Allen-Moore  cell  is  made  of  concrete,  prop- 
erly protected  at  the  surface  to  withstand  the  chemicals. 

The  cells  are  connected  in  series  and  are  provided  with  short-circuit  switches 
or  cutouts.  The  voltage  carried  on  each  cell  is  approximately  3.3  volts,  and 
each  cell  is  capable  of  producing  32  lb.  of  chlorine  per  24  hours. 

Cost  of  Chlorine  Productiox 

The  annual  cost  of  production  is  estimated  as  follows: 

Salt  at  $8  per  ton $     500 

Power  at  $30  per  horsepower 450 

Interest  at  6  %  on  $5,000 300 

Depreciation  at  15  % 750 

Labor  and  superintendence 500 

$2,500 

Three  chlorine  cells  furnish  the  requisite  amount  of  chlorine  for  sterilization, 
yielding  90  lb.  of  chlorine  gas  per  24  hours,  or  32,850  lb.  per  year,  making  the 
cost  of  chlorine  produced  7.6c.  per  poimd. 

Comparison  with  Present  Htpochloritb  Cost 

The  annual  cost  of  sterilization  previous  to  the  installation  of  the  chlorine 
cells  was  as  follows: 

Chloride  of  lime  at  3.75c.  per  lb $4 ,  105 

Interest  at  6  % 150 

Depreciation  at  6  % 125 

Labor  and  superintendence 500 

Total $4,880 

As  the  amount  of  chloride  .of  lime  required  was  300  lb.  per  day,  or  100  lb. 
of  available  chlorine,  the  cost  per  pound  was  13.4c.  or  5.8c.  per  lb.  more  than 
<^0Tine  produced  by  the  electrolytic  cells. 

With  normal  market  conditions  the  annual  cost  of  the  two  forms  of  treat- 
meat  would  be  approximately  the  same,  if  one  did  not  consider  the  general 
depreciation  that  chloride  of  lime  causes  about  a  water-purification  plant. 

The  three  cells  required  to  supply  the  chlorine  consumed  for  sterilization 
We  operated  with  a  current  load  of  500  amp.  and  13  volts.  The  elect ro- 
\  I  lytic  cells  require  very  little  attention  and  up  to  date  have  given  excellent 
satisfaction. 

Adyantages  of  Metal  and  Rubber  Tubing  for  Conveying  Alum  and  Hypo- 
'  chlorite  Solutions. — Charles  W.  Saxe,  Chemist  in  Charge  of  the  Newport.  R.  I . 
^  Water  Filtration  Plant,  gives  the  following  notes  in  Engineering  and  Contract- 
'       ing,  March  19,  1913. 

The  conveying  of  "Alum"  solution  to  the  point  of  application  in  mechan- 
ical filter  plants  is  attended  with  trouble  from  the  pipes  rapidly  clogging  up 
*&d  thus  hindering  the  flow. 

At  the  Newport,  Rhode  Island,  water  works  prior  to  August,  1912,  the 
■olution  was  fed  through  a  IK-in.  lead  pipe  by  gravity  a  distance  of  120  ft. 
It  was  very  difficult  to  clean  out  the  deposit  and  also  to  make  the  lead  flange 
joints  tight  again.     Inch  and  a  quarter  2-ply  chemical  rubber  hose  was  sub- 
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stituted  in  August  and  so  far,  6  months,  has  needed  no  cleaning.  When  ttiis 
is  desired  the  two  lengths  are  taken  apart  and  are  laid  out  on  a  flat  surface. 
The  hose  is  lightly  rolled  with  a  short  piece  of  board  and  is  then  flushed  out. 
The  3,000  grain  per  gallon  "  Alum  '*  solution  appears  to  have  no  effect  on  the 
rubber. 

Hypochlorite  of  lime  of  H  per  cent  strength  is  best  carried  in  galvanized 
iron  pipe.  A  thin  crust  forms  inside  at  first  but  it  does  not  increase  rapidly. 
The  2  per  cent  "Soda"  solution  is  being  carried  in  galvanized  iron  pipe  also. 

Operating  Costs  of  Ultra-Violet  Sterilization  Plants. — The  following 
statement  as  to  the  operating  costs  of  ultra-violet  ray  water  sterilization  plants 
is  quoted,  by  Engineering  and  Contracting,  Nov.  25,  1914,  from  a  paper 
before  the  American  Water  Works  Association  by  Dr.  Max  von  Reckling- 
hausen of  New  York  City: 

Operating  costs  will  vary  with  the  size  and  the  running  hours  of  the  plant, 
and  the  coefficient  of  safety  for  the  ultra-violet  ray  treatment.  According 
to  the  quality  of  the  water  I  expect  in  large  plants  which  run  24  hours  that 
the  current  consumption  will  vary  between  30  and  125  kw.  hours  per  1,000,000 
gals.,  allowing  for  a  large  safety  coefficient.  The  labor  charges  are  negligible 
as  the  apparatus  only  needs  an  occasional  cleaning  and  starting  of  lamps. 
Apart  from  this  the  lamps  have  to  be  repumped  and  repaired  from  time  to 
time.  When  the  water  is  of  variable  physical  quality,  one  will  have  so  to 
establish  the  plant  that  all  the  lamps  will  be  running  during  the  period  of  least 
transparent  water  and  only  some  of  them  during  the  period  of  best 
transparency. 

Copper  Sulphate  Treatment  for  Algae. — The  following  matter  is  given  in 
Whipple's  "The  Microscopy  of  Drinking  Water"  (1914). 

In  1904  Dr.  George  T.  Moore  and  Karl  F.  Kellerman,  of  the  Bureau  of 
Plant  Industry,  U.  S.  Department  of  Agriculture  published  a  report  stating 
the  results  of  successful  experiments  made  by  them  in  the  eradication  of 
aJgse  and  other  microscopic  organisms  from  reservoirs  by  the  use  of  copper 
sulphate.  This  report  immediately  attracted  wide  attention  and  the  method 
was  tried  in  many  places.  Nearly  ten  years'  experience  has  shown  its  advan- 
tageous use  in  many  situations  and  has  likewise  developed  some  of  its  short- 
comings. 

Copper  sulphate  had  been  used  as  a  fungicide  long  before  Moore  proved  its 
worth  for  destroying  algse.  Many  experiments  had  been  made  by  Miquel, 
Devaux,  and  many  others,  which  showed  that  very  minute  doses  of  ];>ol80iiouB 
substances  were  able  to  destroy  the  unicellular  microscopic  organisms,  Init 
Moore  deserves  full  credit  for  the  use  of  copper  sulphate  in  water-supplies. 
The  first  practical  test  on  a  working  scale  was  made  by  him  at  the  water-cren 
beds  in  Ben,  Va.,  in  1901,  where  a  troublesome  growth  of  Spirogyra  wm 
eliminated. 

Effect  of  Copper  on  the  Human  System. — The  first  question  that  was  nat- 
urally raised  when  the  copper  treatment  was  mentioned  was  its  possible 
effect  on  the  human  system.  Moore  had  collected  extensive  data  to  show  the 
extent  to  which  copper  salts  were  used  in  medicine  and  the  wide  distributfcm 
of  copper  in  nature,  its  presence  in  vegetables  and  even  in  natural  waten 
themselves.  Clark  showed  that  some  natural  waters  in  Massachusetts 
contained  small  amounts  of  copper.  Experience  with  the  use  of  copper  in 
many  water-supplies  has  fully  demonstrated  the  innocuous  character  of  this 
treatment  if  properly  carried  out.  It  is  not  a  matter,  however,  that  should 
be  left  to  the  ordinary  laborer.    It  needs  intelligent  and  continual  supervision. 
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Method  of  Applying  Copper  Sulphate. — The  method  of  application  is  ex- 
tremely simple.  Ordinary  commercial  crystals  of  blue-vitriol  are  used. 
The  required  quantity  of  these  crystals  is  placed  in  a  coarse,  bag,  gunny-sack, 
perforated  bucket,  or  wire  basket,  attached  to  a  rope  and  drawn  back  and 
forth  in  the  water  at  the  stem  of  a  rowboat.  Or  an  outrigger  may  be 
arranged  so  as  to  drag  two  or  more  bags  at  the  same  time,  thus  cutting  a  wider 
swath.  By  rowing  slowly  along  about  100  lbs.  can  be  thus  dissolved  in  an 
hour.  By  using  several  boats  quite  a  large  reservoir  can  be  covered  in  a 
working  day.  For  a  very  large  reservoir  a  motor  launch  may  be  used.  In 
making  the  trips  the  parallel  paths  of  the  boats  should  be  about  20  ft.  apart. 
Care  must  be  taken  not  to  row  too  slowly,  as  too  great  a  concentration 
may  be  obtained  near  the  bags,  and  if  fish  should  swim  into  this  overdosed 
water  they  might  be  poisoned. 

It  is  generally  preferable  to  carry  out  the  treatment  on  a  day  when  the  wind 
is  blowing,  so  that  the  circulation  of  the  water  may  more  readily  distribute 
the  chemical.  Advantage  may  be  taken  also  of  vertical  convection  currents. 
If  the  algs  to  be  kiUed  are  near  the  surface  the  application  should  be  made 
early  in  the  day  when  the  surface-water  is  warming  and  tending  to  become 
stratified;  but  if  the  algs  are  well  scattered  through  the  water  it  is  better  to 
make  the  application  toward  night.  It  will  often  be  found  best  to  row  against 
the  wind.  It  has  been  found  difficult  to  treat  a  frozen  reservoir  with  copper 
sulphate,  as  the  chemical  does  not  diffuse  readily,  but  precipitates  at  the  bot- 
tom near  the  point  of  application.  The  solution  of  copper  sulphate  is  heavier 
than  water. 

Quantity  of  Copper  Sulphate  Required. — It  is  of  great  importance  that  just 
the  right  quantity  of  copper  sulphate  be  used.  If  too  little  is  applied  the 
algae  will  not  be  destroyed;  if  too  much  is  used,  there  Ls  danger  that  fish  may  be 
killed  and  there  is  also  the  money  waste. 

In  deciding  upon  the  quantity  to  be  used  several  factors  need  to  be  con- 
sidered, such  as  the  kind  of  algee  present,  the  amount  of  organic  matter  in  the 
water,  the  hardness,  the  presence  or  absence  of  carbonic  acid,  the  temperature, 
the  kind  of  fish  present,  and  of  course  the  quantity  of  water  to  be  treated. 

It  is  hazardous  for  one  not  familiar  with  the  various  matters  in- 
volved to  attempt  to  treat  a  water-supply  with  copper,  as  the  effect  of 
overdosing  niay  produce  disastrous  results  in  the  destruction  of  fish  and  other 
animal  organisms.  Of  particular  necessity  is  it  to  know  what  organisms  are 
present  that  need  to  be  killed.  For  this  a  microscopical  examination  is 
essential.  Fortunately  this  is  an  easy  matter  for  a  water-works  superin- 
tendent to  determine. 

Quantity  Required  to  Eradicate  Different  Organisms. — Organisms  differ 
considerably  in  their  susceptibility  to  copper  sulphate.  Some  of  the  blue- 
green  algs  are  destroyed  by  the  application  of  only  one  part  of  copper  sulphate 
in  ten  million  parts  of  water,  while  other  organisms  require  more  than  ten 
times  as  much  as  this,  and  some  twenty  times  as  much.  One  of  the  organisms 
most  easily  killed  is  Uroglena  which  can  be  eradicated  by  using  as  little  as  one 
part  of  copper  sulphate  in  twenty  million  parts  of  water. 

It  is  probable  that  the  stage  of  growth  of  the  organisms  is  also  a  determining 
factor  and  that  the  presence  or  absence  of  carbonic  acid  is  Important.  Differ- 
ent observers  have  brought  in  different  figures  for  the  quantities  that  have 
proved  efficacious  with  the  same  organisms.  It  is  impossible  to  state  any 
very  definite  figures  for  the  quantities  required,  but  the  following  figures 
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chiefly  given  by  Kellerman,  one  of  the  originators  of  the  method,  are  bdieved 
to  be  as  reliable  as  any. 

Tabls  I. — Quantity  of  Copper  Sulphate  Required  for  Diffebsnt 

Organisms 


Organisms  Pai 

Diatonuieece: 

Asterionella 

Fragilaria 

Melosira 

Synedra 

Navicula 

CfUorophycece: 

Cladophora 

Conferva 

Hydrodictyon  ...    

Scenedesmus 

Spirogyra 

Ulothrix 

Volvox 

Zygnema 

Microspora 

Draparnaldia 

Rapnidium 

Coelastrum 

Cyanophycece: 

Anabsena 

Clathrocystis 

Coelosphsearium 

Oscillaria 

Microcystis 

Aphanizomenon 

Protozoa: 

Euglena 

Uroglena 

Peidinium 

Glenodinium 

Chlamydomonas 

Cryptomonas 

Mailomonas 

Dinobryon  

Synubra 

Schizomycetes: 

Beggiatoa  

Cladothrix 

Crenotbrix 

Leptomitus 

The  figures  given  may  be  assumed  to  apply  at  a  temperature  of  15^  C.  or 
59°  F.  Moore  and  Kellerman  state  that  these  should  be  increaaed  or  dith 
creased  by  about  2.5  per  cent  for  each  centigrade  degree  below  or  abovt 
15°  C. 

They  also  state,  though  with  less  assurance,  that  an  increase  of  2  per  efsA 
should  be  made  for  each  ten  parts  of  organic  matter  per  million  and  an  iDcnu^b 
of  0.5  to  5  per  cent  for  each  ten  parts  per  million  of  alkalinity.  A  5  per  oenl 
increase  should  be  made  if  the  amount  of  carbonic  acid  is  small. 

Calculating  the  Volume  of  Water  to  be  Treated. — ^Usually  the  quantity  of 
water  to  be  treated  is  not  known  exactly,  but  has  to  be  estimated.  TIm 
following  data  will  assist  in  making  this  estimate. 


Pounds  per 
million  gallons 

per  million 

of  water 

0.10 

0.8 

0.25 

2.1 

0.30 

2.5 

1.00 

8.3 

0.07 

0.6 

m 

1.00 

8.8 

1.00 

8.8 

0.10 

0.8 

0.30 

2.5 

0.20 

1.7 

0.20 

1.7 

0.25 

2.1 

0.70 

5.8 

0.40 

3.3 

0.30 

2.5 

0.30 

2.5 

0.30 

2.6 

0.10 

0.8 

0.10 

0.8 

0.30 

2.5 

0.20 

1.7 

0.20 

1.7 

0.10 

1.2 

0.50 

4.2 

0.05 

0.4 

2.00 

16.6 

0.50 

4.2 

0.50 

4.2 

0.50 

4.2 

0.50 

4.2 

0.30 

2.6 

0.10 

0.8 

5.00 

41.6 

0.20 

1.7 

0.30 

2.5 

0.40 

8.3 
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The  problem  is  first  to  find  the  number  of  million  gallons  of  water  in  the 
reservoir.  WbNi  this  has  been  found,  the  total  quantity  of  copper  sulphate 
required  is  ascertained  by  multiplying  this  by  the  figure  in  the  last  column  of 
the  preceduig  table  corresponding  to  the  organism  that  is  to  be  killed. 
This  must  then  be  increased  or  decreased  slightly  to  take  account  of  the 
other  factors  above  mentioned. 

One  million  gallons  of  water  represents  a  depth  of  about  3  ft.  over  one  acre. 
*Hence  the  number  of  acres  of  water  surface,  multiplied  by  the  average  depth 
of  the  water  divided  by  3  gives  approximately  the  number  of  million  gallons  of 
water  in  the  reservoir.  In  an  ordinary  reservoir  the  average  depth  may  be 
tak«i  as  about  one-third  of  the  maximum  depth. 

If  the  reservoir  to  be  treated  is  so  deep  that  the  lower  strata  are  stagnant 
the  calculation  should  be  made  to  include  only  the  water  above  and  wittiin  the 
transition  zone. 

Safe  Limit  for  Treaiino  Water  to  Prevent  Killing  Fieh. — Kellerman  recom- 
mends that  in  order  to  prevent  killing  certain  fish  the  following  limits  should 
be  set  to  the  amount  of  copper  sulphate  applied  to  water. 

It  will  be  seen  that  some  of  the  amounts  required  for  alg»  destruction  are 
critically  near  the  amounts  that  will  kill  fish.  This  explains  the  need  of 
cautious  application  of  this  remedy. 

Pounds  per 
million  gallonB 

Fish  Parts  per  million      (approximate) 

Trout 0.14  1.2 

Carp 0.30  2.5 

Suckers 0.30  2,5 

Catfish 0. 40  3.5 

Pickerel 0.40  3.5 

Gokifish 0.50  4.0 

Perch 0. 75  6.0 

SunfisB 1.20  10.0 

Black  bus 2.10  17.0 

Copper  Sulphate  om  a  Dieinfeetant. — Copper  sulphate  will  destroy  bacteria 
if  a  sufficient  quantity  is  used.  The  amount  required  is  considerably  greater 
than  that  needed  to  destroy  algae.  For  killing  bacteria  copper  sulphate  is  less 
efficient  than  hyi>ochlorites  or  Uquid  chlorine. 

Hypochlorite  Treatment  for  Alga. — Algs  may  be  killed  by  the  use  of  hypo- 
chlorite, but  just  as  this  substance  is  better  than  copper  sulphate  for  bacterial 
disinfection  so  the  copper  treatm^it  is  generally  better  than  hypochlorites 
for  the  destruction  of  algae. 

Comparative  Costs  of  Coagulatiott. — The  following  matter  is  given  in 
Stein's  "Water  Purification  Plants"  (1915). 

Fig.  I  shows  the  costs  of  treatment  of  water  by  several  methods  with 
various  amounts  of  coagulant,  and  also  the  cost  of  removing  various  amounts 
of  acids.  The  cost  of  chemicals  includes  freight,  unloading  and  cartage, 
deterioration,  and  the  rehandling  in  charging  the  chemical  tanks.  The  costs 
pa  hundred  pounds  used  were:  aluminum  sulphate,  $1.10;  ferrous  sulphate, 
$0.70;  lime,  $0.35;  soda  ash,  $1.00.  For  large-sized  plants  these  values  could 
be  reauoed.  From  these  curves  it  is  evident  that  the  iron  and  lime  treatment 
is  cheapest,  followed  by  alum  and  natural  alkalinity,  alum  and  lime  (sufficient 
to  produce  no  COs).  alum  and  soda  ash.  while  alum  and  soda  ash  (no  COt)  is 
most  expensive.  It  is  also  evident  that  by  increaring  the  amount  of  lime  used 
with  the  iron,  the  cost  of  this  process  may  rise  above  that  of  alum  and  lime. 
The  iroo-Unie  treatment  is  slightly  more  effective  for  high  turbidities,  a  fact 
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not  brought  out  by  these  curves.     For  aclil  removul.  lime  la  by  far  the  choapest 

Bconomic  Siie  of  SKad  Filler  Beds  (Engineering  Bhd  Conlnkcting,  Aug. 
in,  1914). — ^The  proper  Hize  ol  beds  Iti  n,  question  oC  economical  construction. 


The  larger  the  beds  the  lew  the  cost  per  acre,     CDTeted  beds,  which  an 

The  following  calculntioo  from  an  article  on  the  purification  of  public 
water  supplies,  b;  C.  II.  R.  Fuller,  published  In  the  Aug.  1914  iasue  of  Applied 
Sdeoce,  la  of  agaistance  In  determining  the  econamical  number  and  size  of  bada. 
The  coat  at  a  Alter  may  be  estimated  an  made  up  ol  two  Itenia,  (Ij  a  portion 
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proportional  to  the  area,  which  would  include  cost  of  bottom,  filling  small 
drains,  covers,  and  end  walls,  assuming  basins  rectangular  and  placed  side  by 
side,  and  (2)  a  portion  nearly  independent  of  the  size,  such  as  cost  of  piping, 
valves,  valve  chamber,  division  walls,  etc. 

Let   c  =  Cost  of  first  portion  per  acre, 

and  C  »  the  cost  of  the  latter  portion  per  filter. 

If      9  B  area  of  one  filter 

n  =  number  of  filters 

A  s  Total  net  area  required. 

Then,  assuming  one  filter  in  reserve 

A 

(1) 

(2) 


A 
n  =  — 

q 

+  1 

'he  total  cost  is 

K 

=  Cn  -|-  c  n  9 

■  i^  ^  ■) 

+  cq\ 

fA 

+ 

• 

CA 

-     --  +  C  +  < 
9 

:A  + 

cq 

We  then  have 

dK 
dq 

CA 

l^hen  for  a  minimum  cost 

9' 

»-^A. 

) 


(3i 


(4) 


1.  e.  the  economical  area  of  one  filter  is  proportional  to  y/A  and  to  \  f— 


4 


The  larger  the  value  of  *'c,"  the  smaller  is  "9."     The  values  of will 

c 

hardly  be  larger  than  1/9  or  less  than  1/16,  giving  a  value  of  "  «"  -  ^  y/ A 

to  H  \/^-     Thus,  when  A  =  9  acres,  the  capacity  9  =■  ^  to  1  acre  giving  9 

to  12  beds.     Where  A  =  1  acre,  the  capacity  would  be  K  go  H  acre  giving 

3  to  4  beds.    Larger  beds  than  1  acre  are  undesirable  on  account  of  increased 

difficulty  of  operation. 

Filter  beds  are  usually  rectangular  and  arranged  side  by  side.     It  is  usual 

to  place  them  in  two  rows  with  a  space  between  for  sand  washing,  regulating 

houses,  etc.     The  economical  proportions  of  the  beds  is  given  by  the  following 

formula: 

6     _    TLjh^l 

a  2n 

where  h  =  width,  a  *>  length,  and  n  -  number  of  beds  in  a  row. 

Cost  per  Million  Gals,  of  Constructing  and  Operating  Slow  and  Rapid  Sand 
Water  Filtration  Plants. — Engineering  and  Contracting,  June  17,  1914,  pub- 
lishes the  following  data  given  in  a  paper  by  George  A.  Johnson  before  the  1914 
convention  of  the  American  Water  Works  Association. 

Relative  Cost  of  Slow  Sand  And  tSapid  Sand  Filtration. — In  discussing  the 
cost  of  building  water  filtration  works  of  the  slow  sand  and  rapid  sand  types, 
respectively,  consideration  will  be  given  only  to  those  items  referring  to  the 
filter  plant  proper.     Cost  of  land,  pumping  machinery  outside  connecting 

piping,  intakes,  etc.,  in  fact  everything  outside  the  filtration  plant  proper, 

wfll  not  be  ccmsidered. 
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For  slow  sand  filter  costs  the  items  will  include  the  necessary  filter  buildings 
and  filters  with  all  appurtenances,  all  inside  piping,  sand  handling  apparatus 
preUminary  sedimentation  basins,  preliminary  filters  and  appurtenances  and 
clear  water  reservoirs. 

For  rapid  sand  filter  costs  the  items  will  include  the  filter  buildings  uid 
filters  with  all  appurtenances,  aU  inside  piping,  filter  washing  apparatus 
coagulating  and  clear  water  basins.  Thus  a  fairly  good  idea  may  be  had  of 
the  relative  cost  of  building  purification  plants  of  the  two  tyi>es. 

Tablb  II. — Cost  of  Construction  op  Slow  Sand  and  Rapid  Sand 

Water  Filtration  Plants 

Present  daily  Approximate  cost 

filtering  capacity,     per  1,000,000  gals. 
City  gals.  daily  capacity 

Slow  sand : 

Albany,  N.  Y 20,000,000  $20,000* 

Pittsburgh,  Pa 200,000,000  26.000* 

Philadelphia,  Pa.: 

Torresdale 250,000,000  37.700* 

Upper  Roxborough 28,000,000  29,800 

Lower .  Roxborough 17 , 000, 000  26 , 300* 

Belmont 60,000,000  45,200* 

Washington,  D.  C 100,000,000  SO.OOOt 

Rapid  sand: 

Cincinnati,  Ohio 112,000,000  ll,400t 

Columbus,  Ohio 30,000,000  13,000| 

Dallas,  Texas 15,000,000  13,000 

Harrisburg,  Pa 16,000,000  10,300 

Little  Falls,  N.  J 32,000,000  15,000 

Lorain,  Ohio 6,000,000  14,000 

New  Milford,  N.  J 24,000,000  11.000 

Watertown,  N.  Y 8,000,000  11,260 

w«i„i,fo/i  0^^1.0 ««a  /  Slow  sand $32,600 

Weighted  averages  [  ^^^^^  ^^^ 12 .  100 

*  Cost  of  preliminary  filters  included,  f  Cost  of  Dalecarlia  Reservoir  not 
included.  Cost  of  McMillan  Park  Reservoir  included,  and  also  cost  of  remodel- 
ing Georgetown  Reservoir,  as  well  as  cost  of  coagulating  basin.  %  Cost  of  larn 
plain  sedimentation  basin  not  included.     §  Cost  of  softening  works  not  inoluded. 


Table  III. — Cost  of  Operation  and  Maintenance  of  Slow  Sand  and  Rapid 

Sand  Filtration  Plants 

Cost  of  operation 

Average  volume  of  and  maintenance    • 

water  filtered  daily,  per  1.000,000  gaJs. 

Year         City                                                       gals.  of  water  filtmd 
Slow  sand: 

1911  Albany,  N.  Y 20,000,000  $2.50 

1912  Pittsburgh,  Pa 100.000,000  3.41 

1911  Philadelphia,  Pa '  9,000,000  5. 62 

1911  Philadelphia,  Pa. t 13,000,000  3.59 

1911  Philadelphia,  Pa.J 38,000,000  3.88 

1911  Philadelphia.  Pa.j 202,000,000  1.91 

1912  Washington,  D.  C 62,000,000  4.01 

Rapid  sand : 

1912  Cincinnati,  Ohio 50,000,000  4.12 

1911  Harrisburg,  Pa 9,000,000  3.93 

1912  Little  Falls,  N.  J 30,000,000  3.20 

1912  Louisville,  Ky 25,000,000  3.48 

1912  New  Orleans,  La 16.000,000  6.32 

xsr  •  u*^  -  ,«.-««  /  Slow  sand $2. 8ft 

Weighted  average  [  R^pi^  ^^^ 4  04 

*  Lower  Roxborough;  t  Upper  Roxborough;  X  Belmont;  {  Torresdale. 


J 
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John  H.  Gregory,  who  has  been  personally  connected  with  7  out  of  the  15 
plants  mentioned  above,  gives  the  following  data  in  a  discussion  of  the  paper 
prepsured  by  Mr.  Johnson,  which  was  delivered  before  the  same  convention. 

Cost  of  Construction. — It  is  exceedingly  difficult  to  compare  satisfactorily  the 
costs  oi  construction  of  different  plants,  even  where  the  fullest  information 
regarding  the  same  is  available.  Those  who  are  not  well  posted  as  to  the 
history  of  some  of  the  plants  cited  in  the  table  may  possibly  be  misled  as  to 
the  cost  of  building  both  slow  and  rapid  sand  filters  if  they  accept  the 
figures  of  the  author  without  full  knowledge  of  local  conditions. 

One  of  the  features  which  very  materially  affects  the  cost  of  such  works  is 
the  total  reservoir  capacity  provided,  that  is,  the  combined  capacity  oi  the 
settling  basins  and  of  the  clear  water  reservoirs.  To  Ulustrate:  The  rapid 
sand  filter  plant  at  Little  Falls,  N.  J.,  which,  in  the  author's  table  is  the  most 
expensive  one  cited,  and  which  cost  $15,000  per  1,000,000  gals,  daily  capacity, 
has  a  coagulating  basin  capacity  of  1.3  hours  and  a  filtered  water  reservoir 
capacity  of  2.6  hours,  or  3.9  hours  total  reservoir  capacity.  At  Columbus, 
Ohio,  the  rapid  sand  filter  plant  there,  which  the  author  states  cost  $13,000 
per  1,000,000  gals,  daily  capacity,  the  next  to  the  highest  in  cost  cited,  has  a 
settling  basin  capacity  of  12  hours  and  a  filtered  water  reservoir  capacity  of  8 
hours,  making  a  total  reservoir  capacity  of  20  hours,  or  five  times  as  much 
reservoir  capacity  as  that  of  the  Little  Falls  plant.  If  the  reservoir  capacity 
of  the  Little  Falls  plant  had  been  approximately  that  of  the  Columbus  plant 
the  cost  of  construction  of  the  Little  FMls  plant  would  have  been  materially 
increased  over  that  given  by  the  author.  Again,  the  New  Orleans  rapid  sand 
filter  plant  might  be  cited,  which  has  35.2  hours  total  reservoir  capacity, 
or  practically  nine  times  as  much  reservoir  capacity  as  that  of  the  Little  Falls 
plant.  Other  factors  which  affect  the  cost  of  construction  are  the  character  of 
the  raw  water,  the  rate  of  filtration,  the  character  of  the  construction  of  the 
works,  etc. 

In  his  reference  to  the  Albany  slow  sand  filter  plant  the  author  gives  its 
capacity  as  20,000,000  gals,  daily.  The  Albany  plant  as  originally  built  before 
the  pre-filters  were  added  had  a  capacity  of  15,000,000  gals,  daily.  The  addi- 
tion of  the  pre-filters  increased  the  capacity  of  the  plant  very  materially  so  that 
at  the  present  time  the  capacity  is  probably  in  the  neighborhood  of  28,000,000 
gals,  daily.  If  the  capacity  is  taken  at  28,000.000  instead  of  20,000,000 
gals,  daily  the  cost  of  the  plant  would  be  about  $14,300  instead  of  $20,000  per 
1,000,000  gals,  daily  capacity  as  given  by  the  author. 

The  Philadelphia  slow  sand  filter  plants  were  expensive  plants  to  build. 
They  differ  in  one  way  from  many  of  the  other  filters  of  the  same  type  that 
have  been  built  in  that  underneath,  the  filter  floors  and  carried  up  all  around 
the  sides  of  the  filter  is  a  layer  of  puddle.  This  item  alone  materially  increased 
the  cost  of  construction.  The  Lower  Roxborough  and  Upper  Roxborough 
plants  were  built  on  high  ground  in  an  isolated  section  several  miles  from  the 
nearest  railroad,  and  the  cost  of  deUvering  materials  to  such  plants  was  higher 
.  than  would  ordinarily  be  the  case. 

In  the  cost  of  the  Lower  Roxborough  plant  the  author  did  not  include  the 
cost  of  the  Lower  Roxborough  Reservoir  which  was  built  many  years  before, 
and  which  supplies  settled  water  to  the  filter  plant.  Again,  a  similar  condi- 
tion exists  at  the  Upper  Roxborough  filter  plant  with  regard  to  the  settling 
basin.  The  New  Roxdorough  Reservoir  was  built  so^ie  ten  years  earlier 
than  the  filter  plant,  and  the  author  has  not  included  its  cost  in  the  cost  of 
the  filter  plant.    Strictly  speaking,  the  costs  of  the  reservoirs  should  be  In- 
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eluded  in  the  costs  of  these  two  plants  so  that  the  figures  would  be  comparable 
with  the  costs  of  the  other  slow  sand  filters  cited. 

The  Philadelphia  plants  were  built  during  a  period  of  very  high  prices, 
and  to  use  the  costs  of  construction  of  these  plants  to  indicate  the 
reasonable  cost  of  slow  sand  filters  may  be  very  misleading  except 
to  those  who  are  famiUar  with  the  early  history  of  these  works  and  who 
are  aware  that  the  costs  were  high  and  that  the  plants  could  be  duplicated  at 
less  cost. 

The  largest  slow  sand  filter  plant  under  construction  in  America  at  the 
present  time  is  at  Montreal,  and,  when  completed  next  year,  will  have  a 
capacity  of  60,000,000  U.  S.  gals,  daily  capacity.  The  total  cost  of  the  plant, 
on  the  basis  of  the  lump  sum  contract  prices,  including  the  low  lift  pumping 
station,  will  be  about  $22,600  per  1,000,000  gals,  daily  capacity.  Deducting 
the  low  lift  pumping  station  the  cost  ydll  probably  be  about  $21,000  per 
1,000,000  gals,  daily  capacity. 

It  would  have  been  interesting  if  the  author  had  cited  the  cost  of  the  slow 
sand  filter  plant  which  was  completed  at  Toronto  about  two  years  ago.  This 
plant  has  a  capacity  of  48,000,000  U.  S.  gals,  daily,  assuming  one-sixth  of 
the  filter  area  to  be  held  in  reserve,  and  based  on  a  rate  of  filtration  of  6,000,000 
U.  S.  gals,  per  acre  daily,  the  rate  for  which  the  plant  was  designed.  The  cost 
of  the  plant,  omitting  the  low  lift  pumping  station,  was  only  about  $12,700 
per  1,000,000  gals,  daily  capacity. 

In  considering  the  weighted  average  cost  of  slow  sand  filters  given  by  the 
author,  namely,  $32,600  per  1,000,000  gals,  daily  capacity,  it  may  be  well  to 
bear  in  mind  that  the  Montreal  plant  will  cost  only  about  $21,000,  that  the 
Albany  plant  cost  about  $14,300  and  the  Toronto  plant  only  $12,700  per 
1,000,000  gals,  daily  capacity. 

In  referring  to  the  cost  of  rapid  sand  filter  plants  the  author  cites  the  Colum- 
bus plant  as  costing  $13,000  per  1,000,000  gals,  daily  capacity.  This  plant  was 
designed  and  built  under  the  speaker's  direction  and  is  a  water-softening  as 
well  as  a  rapid  sand  filter  plant.  The  speaker  is  not  informed  as  to  what 
items  the  author  included  in  arriving  at  the  cost  of  the  Columbus  plant,  but 
in  the  speaker's  judgment  the  Columbus  plant,  considered  as  a  rapid  sand 
filter  plant  alone,  cost  nearer  $15,000  than  $13,000  per  1,000,000  gals,  dally 
capacity,  the  figure  given  by  the  author. 

Another  rapid  sand  filter  plant  which  the  author  might  have  cited  is  that  at 
Toledo,  Ohio.  Part  of  the  plant  was  built  for  a  capacity  of  60,000,000  gals. 
daily,  although  the  present  capacity  of  the  works  is  considerably  less.  In- 
cluding only  such  items  as  are  chargeable  to  the  filter  plant  proper  the  works 
cost  about  $14,500  per  1,000,000  gals,  daily  capacity. 

Another  rapid  sand  filter  T)lant  which  might  have  been  cited  is  that  at 
Grand  Rapids,  Mich.  The  plant  was  completed  inside  of  the  last  two  yean 
and  has  a  capacity  of  20,000,000  gals,  daily.  The  cast  of  the  plant,  as  given  lo 
the  speaker  by  the  Grand  Rapids  officials  last  year,  including  such  items  as  are 
chargeable  to  the  filter  plant  proper,  was  $16,300  per  1,000,000  gals,  dally 
capacity. 

In  December,  1912,  the  city  of  New  York  received  bids  for  a  rapid  sand 
filter  plant  to  be  located  at  Jerome  Park  Reservoir  and  having  a  capacity  of' 
320,000,000  gals,  daily.  Taking  the  lowest  bid  received  and  adding  to  It  the 
cost  of  the  buildings  and  other  necessary  work,  the  Jerome  Park  filter  plant, 
which  would  have  been  the  largest  rapid  sand  filter  plant  in  the  world,  would 
have  cost  $18,400  per  1,000,000  gals,  daily  capacity.    When  the  plant  is  bultt. 
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the  actual  cost  will  probably  be  in  the  neighborhood  of  $20,000  per  1.000,000 
gals,  daily  capacity,  as  much  of  the  excavation  for  the  plant  has  already 
been  completed. 

The  author  gives  the  cost  of  the  Cincinnati  rapid  sand  filter  plant,  which  has 
a  daily  capacity  of  112,000,000  gals.,  as  $11,400  per  1,000,000  gals.  daUy 
capacity,  and  states  that  the  cost  of  the  large,  plain  sedimentation  basins  is 
not  included.  At  Cincinnati  there  are  two  large  settling  basins  to  which  the 
raw  water  from  the  Ohio  River  is  pumped.  The  water  is  first  settled  in  these 
two  basins,  and  is  then  delivered  to  the  coagulating  basins  at  the  filter  plant. 
There  is  no  question  in  the  speaker's  mind  but  that  the  settling  basins  are  part 
of  the  filter  plant  at  Cincinnati,  but  just  how  much  of  the  cost  of  the  same 
should  be  chargeable  to  the  filter  plant  may  be  a  question.  Mr.  J.  W.  Ellms, 
the  superintendent  in  charge  of  the  filters  at  Cincinnati,  in  a  paper  printed 
in  the  Journal  of  the  Association  of  Engineering  Societies  in  January,  1912. 
states: 

The  settling  reservoirs,  which  have  a  capacity  of  330,000,000  gals,  of  avail- 
able water,  are  in  part  a  portion  of  the  water  purification  plant,  although  they 
also  serve  the  purpose  of  storage  basins  and  were  designed  for  such  a  use  quite 
as  much  as  they  were  for  sedimentation  purposes. 

The  two  settling  basins  cost  $1,521,000,  or  about  $13,600  per  1,000,000  gals, 
daily  capacity  of  filter  plant.  Adding  this  cost  to  that  of  the  filter  plant 
would  give  a  total  cost  of  $25,000  per  1,000.000  gals,  daily  capacity.  As  the 
settling  basins  serve  as  storage  reservoirs  also  it  may  be  reasonable  to  charge 
the  filter  plant  with  perhaps  only  half  their  cost.  On  this  assumption  the 
cost  of  the  settling  reservoirs  chargeable  to  the  filter  plant  would  be  $6,800 
per  1.000.000  gals,  daily  capacity,  thus  making  the  total  cost  of  the  filter 
plant  $18,200  per  1.000,000  gals,  daily  capacity. 

Still  another  plant  which  the  author  might  have  cited,  and  among  the  best 
in  the  country,  is  that  at  New  Orleans,  which  has  a  capacity  of  40,000,000  gals, 
daily.  Including  only  such  items  as  are  chargeable  to  the  filter  plant  proper 
the  cost  of  the  New  Orleans  plant  was  about  $30,200  per  1,000,000  gals,  daily 
capacity. 

The  weighted  average  cost  of  the  Columbus,  Toledo,  Grand  Rapids, 
Cincinnati  and  New  Orleans  rapid  sand  filter  plants  is  $18,600  per  1,000,000 
gals,  daily  capacity,  while  the  author  gives  a  weighted  average  cost  for  rapid 
sand  filters  as  $12,100.  In  other  words,  the  weighted  average  cost  of  the 
five  plants  just  cited,  all  of  which  are  in  operation  and  which  are  among  the 
best  in  the  country,  is  over  50  per  cent  higher  than  the  weighted  average  cost 
given  by  the  author. 

The  speaker  has  but  little  further  to  say  on  the  subject  of  costs  except  that, 
in  his  judgment,  the  weighted  average  costs  as  given  by  the  author  are  too 
high  for  slow  sand  filters  and  are  too  low  for  rapid  sand  filters.  Similarly  the 
fixed  charges  on  the  costs  of  construction  would  respectively  be  too  high  for 
slow  sand  and  too  low  for  rapid  sand  filters. 

The  speaker  is  not  presenting  any  brief  for  slow  sand  filters.  The  rapid 
sand  filter  is  more  flexible  than  the  slow  sand  filter  and  in  the  majority  of  cases 
in  the  United  States  is  better  adapted  to  the  purification  of  water  than  is  the 
slow  sand  filter.  The  slow  sand  filter  has  done  and  is  still  doing  good  work 
in  this  country,  and  the  present  status  of  water  purification  is,  to  a  large 
extent,  due  to  the  introduction  of  the  slow  sand  filter. 

Relative  Cost  of  Mechanical  and  Slow  Sand  Filtration. — The  following 
data  are  arranged  from  a  report  to  the  Commissioner  of  Works  of  Toronto, 
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Ont.  by  Allen  Hazen,  Consulting  Engineer,  as  published  in  Engineering  and 
Contracting,  Jan.  15,  1913. 

Mechanical  filters     Slow  sand  filten 

Head  required  for  filter  operation 10  ft.  5  ft. 

Settling  and  coagulating  basin Required  Not  required 

Average  cost  per  mil.  gals,  storage. .  . .  $12,000* 

Average  cost  per  mil.  gals,  daily  output  1 ,  500 

Filters: 

Average  cost  American  conditions ....      $25  per  sq.  f t.'  * 

Probable  cost  in  Toronto $30  per  sq.  ft.        $70,000  per  acre* 

Estimated    cost    per    mil.    gals,    daily 

capacity $11,500  $14,000 

Pure  water  and  reservoir  piping Assumed  the  same  for  both  types 

of  filters 
Cost      of     construction     (exclusive    of 
piping)  per  mil.  imperial  gals,  daily 

capacity* $15,000  $14,000 

Cost  of  operation  per  mil.  imperial  gals. 
Additional  cost  of  pumping  account 

of  greater  lift . .-. $.30 

Sulphate  of  alumina,  172  lbs.  per 

mil.  gals.  @  $25  per  ton $2. 15 

Other  costs  of  operation,  including 
superintendence,  labor,  laboratory 
expenses,  repairs,  renewals,  heat, 
lignt,  drainage,  oil  waste  and  pump- 
ing wash  water $2. 35 

Total  operating  cost  per  mil.  imp. 

gals $4.80  $1.88» 

Relative  efiiciency No  appreciable  difference* 

Notes. — (1)  The  settling  and  coagulating  basin  should  be  of  concrete  and 
covered  similiar  in  general  design  to  the  filters  but  with  Its  flow  line  5  ft. 
higher,  and  with  the  bottom  sloped  to  drains  to  facilitate  cleaning  out  the 
sludge  produced  by  the  action  of  the  chemical  on  the  water.  The  aYsrage 
depth  of  the  basins  would  be  about  15  ft. — Baffles  and  other  appliances  would 
be  required. 

2.  The  filter  tanks  would  be  of  concrete  and  about  8  ft.  deep  simfliar  in 
design  to  those  in  use  at  Cincinnati,  Columbus,  New  Orleans  and  many  other 
places.  Mr.  Hazen  usually  allows  430  sq.  ft.  of  net  filter  area  for  each  million 
Imperial  gals,  daily  capacity.  In  the  case  of  Toronto  the  lake  water  is 
usually  clear  and  of  very  constant  composition,  as  compared  with  rtrer 
waters.    He  assumes  385  sq.  ft.  of  net  filter  area  sufficient. 

3.  The  actual  cost  of  the  existing  sand  filters  was  $57,000  per  acre,  Induding 
all  contingencies.  Including  10  per  cent  for  engineering  makes  the  total 
$62,700  a  very  low  cost.  Mr.  Hazen  assumes  that  the  filters  may  cost  10  per 
cent  more  or  $70,000  per  acre. 

Each  acre  of  net  filter  surface  has  a  nominal  capacity  of  5,000,000  Imperial 
gals,  per  day. 

4.  Adding  the  costs  of  coagulating  basin  and  mechanical  filters  we  havo 
$13,000  per  1,000,000  gals,  daily  capacity.  Add  to  this  16  per  cent  for 
engineering  and  contingencies;  the  total  probable  cost  is  $14,960,  or  say 
$15,000  per  1,000,000  Imperial  gals,  daily  capacity. 

5.  Coat  of  Operation  of  Sand  Filters. — The  cost  of  operating  sand  fllten, 
including  superintendence,  laboratory  expenses,  and  the  cost  of  pumplof 
wash  water,  but  excluding  the  cost  of  the  main  pumping,  was  estimated  al 
$1.83  per  1,000,000  Imperial  gals.,  hi  a  communication  to  Mr.  Rust,  the 
former  City  Engineer,  dated  Nov.  20,  1908.  The  records  of  operation  for  fbs 
present  year  indicated  a  cost  a  third  less  than  this,  but  it  must  be'iemembend 
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that  in  subsequent  years  it  may  be  necessary  to  handle  more  sand  than  in  the 
first  period,  when  everything  is  clean,  and  Mr.  Hazen  therefore  deems  it  wise 
to  use  the  same'figure  that  he  used  four  years  ago. 

6.  Rehaite  Cost  of  Operation. — The  estimated  costs  of  operation,  excluding 
pumping,  per  1,000,000  Imperial  gals.,  are  as  follows: 

Mechanical  filters $4. 80 

Sand  filters . .  »» •  1. 83  • 

Mechanical  filters  cost  2H  times  as  much  to  operate.  This  is  mainly  due 
to  the  cost  of  the  chemicals  required  with  them. 

Relative  Efficxency  of  Sand  and  Mechanical  Filters. — Lake  Ontario  water 
lends  itself  admirably  to  the  sand  filter  treatment  and  excluding  the  effect 
of  hypochlorite,  better  and  more  reliable  bacterial  or  hygienic  results  will  be 
obtained  by  sand  filters  than  can  be  obtained  by  mechanical  filters. 

From  a  physical  standpoint  there  is  no  appreciable  difference;  either  kind  of 
filters  will  yield  water  free  of  color  and  turbidity  and  otherwise  satisfactory. 

With  the  systematic  use  of  hypochlorite  in  the  effluents,  Mr.  Hazen  con- 
siders that  any  difference  that  there  mig^t  otherwise  be  in  favor  of  sand  filters 
is  eliminated.  The  hypochlorite  treatment  conscientiously  used  can  be 
depended  upon  to  correct  any  falling  off  in  effidency  that  there  may  be  with 
filters  of  either  system,  and  he  considers  that  the  results  will  be  satisfactory 
from  a  hygienic  standpoint  in  either  case. 

From  the  standpoint  of  certain  mechanical  uses  to  which  the  water  may  be 
put,  and  especially  with  reference  to  boiler  feed  water,  the  sand  filters  have  a 
certain  advantage.  The  hardness  in  Lake  Ontario  water  is  in  the  form  of 
carbonate  or  temi)orary  hardness.  This  is  the  least  objectionable  form  of 
hardness.  The  use  of  chemicals  in  the  water  changes  a  certain  part  of  the 
carbonate  hardness  to  sulphate  or  i)ermanent  hardneis,  and  this  is  more  in- 
jurious than  thie  carbonate  hardness,  especially  in  boilers.  If  there  were 
ottier  and  sufficient  reasons  for  using  chemical  treatment,  it  would  be  recom- 
mended, notwithstanding  this  condition.  In  the  absence  of  such  reasons,  it 
must  be  recognized  that  whatever  change  grows  out  of  the  chemical  treatment 
tends  to  make  the  water  less  desirable  and  is  to  be  avoided  as  far  as  may  be. 

Cost  of  Water  Purification  Piants  in  Illinois. — The  following  data  given  in 
Engineering  and  Contracting,  Feb.  11, 1914,  are  taken  from  a  paper  before  the 
Western  Society  of  Engineers  by  Edward  Bartow  and  Paul  Hansen,  Director 
and  Engineer,  respectively  of  the  Illinois  State  Water  Survey  and  published 
in  the  journal  of  the  society,  December,  1913. 

Table  IV. — Data  on  Some  Water  Pubepication  Plants  in  Illinois 

Wauke-         Mt.         Rock 
City  gan         Carmel     Island     Quincy    Decatur 

Population 18,000  8,000  26,000     37,000  35,000 

Source  of  supply L.  Wabash  Miss.  R.   Miss.  R  Sanga- 

Michigan  men  R. 

Ownership M  P             MP             M 

Reaction  chamber,  minutes. ...  16. 5  16. 0 

Coa«.  basins,  hours 2.7  12.0           4.6           4.0 

Filters,  M.  G.  P.  D 1.5             6.0           6.0           9.0 

Qear  weU,  hours 0.75  24.0           0.7           4.0 

Type  of  plant Sterili-  Rapid  Rapid      Rapid  Rapid 

zation  sand  sand         sand  sand 

Chcmicab  used H  A-H         A-H      A-I.-I-H  A-H 

Cost  of  pUnt  per  M.  G.  D $300  $6,700  $10,800  $11,100  $15,400 

Legend:  A — ^Aluin.  I/— Lime.  I — Iron.  H — Hypo.  M — Municipal.  P — Private. 
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Cost  of  Water  Puilflcktioii  and  Pomiiiac  Plant  at  Biidfaton,  N.  J. — Tbs 

toUowlog  data  are  given  by  HGII17  Rjoti  Id  an  article  piibllabed  In  Englneerloc 
and  Contracting.  March  4,  1B14. 

The  3.000,000  gal.  water  flltratliai  and  pumping  plant  at  Bridgotim,  N,  J,. 
a  city  of  approiimalely  IS.OOO  Inhabitants,  was  placed  In  regular  □peration  on 
Nov.  1, 1913.  Aa  aliown  Id  Fig,  2.  the  puriflcatlon  plant  consists  of  concraM 
coagulating  basin,  rapid  sand  filters,  clear  water  basin,  necessary  chemical 
storage  and  mixing  facllitlea  and  piping  and  the  pumping  plant  consists  (d 
pumping  station,  coal  bunker,  pumps  and  boilers  and  cliliniiey. 

The3l)-ln.  Intake  was  built  of  vitrified  tile  pipe  andcoat  *3.70per  lineal  ft. 
complete.     The  maximum  cut  on  the  total  i^igtta  of  8.500  ft.  was  14  ft. 


Fro.  2. — Gtmeral  plan  of  Bridieton.  H.  J.,  water  works  pumplnc  (tation  add 

The  coaguiation  baain  has  a  capacity  of  ISO.OOO  gals,  or  about  an  hour's 
flow.  The  filters,  each  12  ft.  by  14  ft.  Sins.,  are  arranged  In  two  rows  of  tbiee 
each  on  opposite  atden  of  the  operating  floor  and  pipe  gailei7.  Thej  are  oper- 
ated at  the  rate  of  500,000  gala,  per  day  (120,000,000  gala,  per  acre  per  day). 
The  clear  water  basin  la  located  beneath  the  Alters  and  has  a  capadtf  of 
200,000  gals.  This  basin  extends  far  enough  beyond  the  end  of  theflltei 
house  to  allow  four  additional  filler  units  to  he  built  on  Its  root  at  sonw 

The  cost  of  the  filter  plant  wax  as  follows: 

Coagulation  basin ,- .  .  - |  £.820 

Filters 17,900 

Cleat  waUr  basin 13.3S0 

Making  the  cost  of  iUter  plant  proper  t37,000  or  tI2.300  per  mUUiM  (^ 


WATER-TREATMENT  PLANTS  449 

The  immplng  plant  constats  of  two  cross  compouad  pumping  englnw  of  the 
crank  and  fl7  wheel  type  with  capacities  of  5,000.000  and  3,000,000  gala,  per  day 
reapectivel;.  The  larger  pump  had  been  In  senice  at  the  old  pumping  station 
for  several  jeara.  The  steam  foi  the  pumps  Is  supplied  b;  two  I2G  h.p.  water 
tube  boilers  and  as  nith  the  pumps,  only  one  boiler  is  used  at  a  thne,  the  other 
being  held  in  reserve. 

Uoder  working  conditions  (average  total  head  about  205  ft.)  430  gals,  of 
water  are  pumped  per  pound  of  coal.  This  Includes  the  coal  burned  to  fumlBh 
steam  for  the  blower  and  other  small  engines  at  the  plant. 


Fio.  3,— Layout  of  water  iikratian  plant  of  Whitiog.  Ind. 

The  cost  of  the  pumping  station  aod  equipment  was  as  Tollowa: 

Coal  bunker. 3[919 

Pumps  and  boiler 21 ,934 

Chimney 3,020 

A  total  <a  »6S,876  lor  the  plant  or  about  (19,600  par  million  gals,  capacity 
Including  duplicate  machinery. 

During  the  period  the  complete  plant  has  been  In  operation  the  cost  per 
millloo  gala,  of  water  supplied  has  been  t31.40.  This  ligure  includes  Interest 
and  sinking  fund  and  maintenance  of  tlie  distribution  mains. 

Cost  of  Rapid  Sand  Filtration  Planl  of  Whitioe.  Ind,— Renrtlle  S.  Hankin 
describes  the  filter  pla^t  of  Whiting,  Ind..  in  Engineering  and  Contracting, 
'  Sept.  10,  1919,  from  which  article  the  following  Is  taken. 

Fig.  3  shows  the  general  layout  of  the  plant,  the  capacity  of  which,  based 
upon  the  filters  Is  4,000,000  gal,  per  24  hours. 
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Fia.  4.— QuindsTD  station  of  Kanws  City,  Ksn.,  Water  Works. 

Siiamnteed  combined  efficiency  ot  66.5  pei  cent  and  cost  (040,  and  a  centrl- 
fugul  steam  turbica-drivea  pnmp  wltlt  a  guaranteed  duty  of  36.600,000  It.- 
llM.  wlien  operated  non-condanBing.  and  of  64,600,000  It.-lbs,  when  openktlos 
condensing,  and  coat  tl,228. 

CdbI  of  Hew  PUnt  for  (be  PuHHcaHon  of  the  Water  Supply  Kauai  City, 
Kansas.— Engineering  Record,  Jan.  27,  1B12,  gives  tbefollowlng  cost  ofooo- 
Btructli^  the  new  6.000,000  gal.  rapid  sand  water  purification  plant  of  Kanron 
City.  The  work  was  done  by  contract  in  connection  with  the  relhablUtsttiw 
of  the  wuterworka  system  purchased  by  the  city  from  the  MetropoUtan  WaMt 
Co. 

Fig.  4  .shows  the  general  layout  rS  the  entire  station  and  Includea  boUi  tba 
original  plant  and  the  additions,  the  costs  of  which  follow. 

Without  going  Into  the  details  the  casta  of  the  new  pumping  station  and 
pumping  station  eciulpment  were  as  follows: 
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removal  of  sludge  without  emptying  the  basins.  Each  sludge  disposal  system 
is  divided  into  two  sections  and  comprises  6  lines  of  4-in.  double  strength  soil 
pipe  drilled  with  H-in.  holes  30  ins.  apart.  Each  of  the  four  sections  dis- 
charges through  an  8-in.  pipe  controlled  by  an  8-in.  quick-opening  valve, 
located  in  the  pipe  gallery  of  the  filter  house. 

For  the  further  removal  of  sludge  and  for  the  complete  emptying  of  the 
basins,  there  are  provided  four  8-in.  inlets  into  a  12-in.  main  drain. 

The  inlet  to  each  basin  is  a  16-in.  cast  iron  pipe  leading  from  the  raw  water 
weir  box  to  the  center  of  the  first  compartment  and  controlled  by  a  gate  valve 
located  in  the  pipe  gallery.  Each  basin  discharges  at  the  top  through  15  4-in. 
round  op^iings  extending  across  the  entire  section  of  the  compartment  and 
leading  into  a  reinforced  concrete  trough  in  the  pipe  gallery.  A  16-in.  pipe 
with  four  12-in.  branches  carries  the  treated  water  to  the  filters. 

Filters. — The  filters  are  four  in  number,  each  29  ft.  9  ins.  by  20  ft.  10  ins. 
by  10  ft.  6  ins.  deep.  The  tanks  were  built  monolithically  of  reinforced 
concrete.  Each  is  divided  into  two  sections  by  a  central  gutter  18  ins. 
wide.  Each  filter  has  a  total  sand  area  of  350  sq.  ft.  and  a  nominal  capacity  of 
1,035,000  gals,  when  operated  at  a  rate  of  125,000,000  gals,  per  acre  daily. 

Probably  the  most  important  feature  in  the  design  of  any  rapid  filter  is  the 
method  provided  for  washing.  The  principal  adopted  at  Columbus  is  that 
developed  by  Mr.  Ellms  at  Cincinnati  and  is  based  on  an  upward  flow  of 
wash  water  at  a  rate  of  24  ins.  rise  per  minute.  No  agitation  other  than  the 
high  rate  of  washing  is  provided. 

The  strainer  systems  comprise  concrete  channels  12  ins.  apart  covered  with 
perforated  brass  plates  and  are  of  a  design  similar  to  that  developed  at  Cincin- 
nati except  that  the  concrete  channels  extend  laterally  insetad  of  longitudi- 
nally across  the  tanks.  Beneath  the  central  gutter  of  each  filter  is  a  main 
eflBuent  channel  of  reinforced  concrete  18  ins.  square  and  the  discharge  from 
this  main  channel  is  through  42  2-in.  wrought  iron  nipples  extending  into  each 
channel  of  the  strainer  system. 

Clettr  Well. — The  clear  well  ia  constructed  beside  the  coagulating  basins  and 
is  a  rectangular  reinforced  concrete  tank  covered  with  a  concrete  slab  roof. 
It  is  110  ft.  3  ins.  long  by  47  ft.  wide  and  has  an  available  depth  of  14  ft  Its 
total  capacity  is  534,000  gals,  and  in  order  to  make  the  entire  storage  available, 
the  inlet  to  the  discharge  pipe  is  placed  in  a  sump  4  ft.  by  3  ft.  deep.  When 
the  plant  is  operated  at  full  capacity  the  period  of  storage  available  in  the 
clear  well  is  3.5  hours,  and  the  elevation  of  high  water  in  the  clear  well  is  such 
that  there  is  a  minimum  available  head  of  9  ft.  on  the  filters. 

Filtered  water  is  conveyed  from  the  clear  well  to  the  present  pumping  sta- 
tion through  a  20-in.  cast  iron  suction  line,  approximately  470  ft.  long,  con- 
structed at  large  expense,  because  the  trench  is  for  a  considerable  distance 
over  20  ft.  deep. 

In  order  to  furnish  the  required  quantity  of  wash  water,  there  is  provided  a 
60,000-gal.  steel  tank  and  tower  supplied  by  a  2-in.  connection  to  a  4-in  main 
ol  the  distribution  system.  The  bottom  of  the  tank  is  18.4  ft.  above  the 
^ttera  in  the  filters.  The  tank  is  of  the  so-called  "railroad"  type  with  an 
riliptical  bottom  and  a  4-in.  riser  pipe.  In  order  to  maintain  a  constant 
depth  of  water  in  the  tank  and  to  prevent  its  overflow,  an  automatic  altitude- 
omtrolling  valve  is  provided  in  the  2-in.  supply  line. 

Cost  of  Construction  of  Purification  Plant. — The  contract  for  the  filter  plant 
waa  awarded  in  July,  1912.  In  the  following  table  are  shown  the  costs  of  the 
■everal  items  comprising  the  work: 
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I.  CoasuUtitul  buios,  filters,  pipe  gallery,  chemical  laboratory,  and 
^ce  bllilding,  filter  buildiDC  tofeCha  with  all  aecnwiy  iiuide 


5.  Raw  wi 
Total  P< 


n  and  Ule  pipe  tinea,  inclu 
e  auction,  mua  wash  water 
k  and  tower  furmahed  and  e 

rested  by  the  Chicaco 

a  and  cbanges  in  preeent  au 

B  and  erection  of  the 

guaranl«ed  combined  efllclenoy  of  65. S  per  cent  and  coat  (940,  and  a  centri- 
tugal  ateam  turbine-driven  pump  with  a,  guaranteed  duty  of  36.500.000  tt.- 
Iba.  when  operated  non-condensing,  and  o(  84,800,000  ft. -lbs.  irtien  op«ntlDe 
condensing,  and  coat  tl,228. 

CdbI  Df  New  PUnI  for  the  Parlflcation  of  the  Water  Snpplf  Xuus  CUr. 
Zaasae. — Engineering  Record,  Jap.  27.  1912.  gives  thetf^owtng  cost  0( con- 
structing the  new  6.000,000  gat.  rapid  sand  water  purlQcatloD  plant  of  Ifinwrt 
City.  The  work  wsa  done  by  contract  in  connection  with  the  relbabtlitat(i« 
of  the  waterworks  system  purchased  by  the  city  from  the  Metropolitan  WaW 
Co. 

Fig.  4  shows  the  general  layout  of  the  entire  station  and  include!  both  tba 
original  plant  and  the  additions,  the  costs  of  which  follow. 

Without  going  Into  the  detsila  the  coats  of  tbe  new  pumping  atatloo  aad 
pumping  station  equipment  were  as  lollowa: 
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Pumping  Station 

Pump  house  basement  60  X  120  ft.  (21  ft.  deep) $  25,022. 83 

Boiler  house  foundation,  50  X  108  ft 6,035. 00 

Stack  foundation 977. 00 

Pump  house  and  boiler  house 48,748. 17 

Chimney 6,089. 00 

Stee4  supports  to  floor 1 ,855. 43 

Tile  floor 2,241. 13 

Grading  about  station 1 ,667. 36 

$  92,535.02 

PuMPiNo  Station  EguiPMSNT 

Snow  steam  pump,  12.000,000  gals,  daily $  38,595. 00 

Strait  pumping  engine,  15,000,000  gala,  daily 18, 600. 00 

Turbo  generators,  two  at  70  kw.  each 5,943.  84 

Turbo  generator  condensers 800. 00 

Boilers,  two  at  600  hp.  each 27,007. 00 

Snow  pump  foundation 1 , 334. 02 

Strait  pump  and  turbo  generator  foundations 1,923.  60 

Boiler  foundations 719. 40 

Switchboard  and  electric  wiring 3,937. 79 

Steam  piping 4,793. 19 

Miscellaneous  labor  in  and  about  the  pump  house  and  in  installing 

steam  pipes  and  small  water  pipes . . « 3 ,  355. 40 

Miscellaneous  material,  piping,  fittings  and  similar  materials 2, 117.  70 

$109,126.94 

Inadequate  settling  facilities  provided  for  the  old  filters  (5,000,000  gals, 
rated  capacity)  by  the  two  steel  tanks  50-ft.  in  diameter  and  26-ft.  high 
necessitated  building  the  new  settling  basins  large  enough  to  give  preliminary 
treatment  for  both  the  old  and  new  filters. 

Sealing  Basins. — Each  basin  is  200  ft.  long,  30  ft.  wide  and  25  ft.  deiep  at 
the  middle  and  23  ft.  deep  at  the  ends,  constructed  of  reinforced  concrete. 
The  basins  have  a  combined  storage  capacity  of  3,000,000  gals,  and  an  esti- 
mated operating  capacity  of  12,000,000  gals,  per  twenty-four  hours.  They 
were  designed  to  operate  in  series  but  may  also  be  operated  in  parallel  or 
separately  if  condition  of  raw  water  makes  such  operation  desirable. 

Filters. — The  filters  are  of  reinforced-concrete  construction  throughout, 
consisting  of  five  tanks  32  ft.  long,  12  ft.  deep  and  20  ft.  3  in.  wide  out  to  out 
measurements,  each  tank  containing  a  sand  area  of  480  sq.  ft.  and  possessing 
a  moderate  daily  filtering  capail^ity  of  1,250,000  gals,  or  6,250,000  gals,  in  the 
aggregate. 

The  cast-iron  filter  connections  have  been  provided  of  such  a  size  that  addi- 
tional units  can  be  added  to  an  ultimate  capacity  of  20,000,000  gals,  per  day. 

No  air  is  used,  but  the  wash  water  is  applied  at  the  rate  of  30  in.  vertical 
rise  per  minute  for  an  average  of  about  5  minutes  until  the  water  begins  to 
run  clear  over  the  weir  edges.  With  the  Missouri  River  water  and  a  high  rate 
wash,  the  end  point  is  very  sharply  defined. 

Immediately  under  the  filters  is  a  clear-water  basin  13  ft.  in  depth  with  a 
heavily  reinforced-concrete  15-in.  roof  supported  by  reinforced-concrete 
columns  which  in  turn  rest  upon  an  18-in.  floor  slab  extending  entirely  under 
the  clear-water  basin  and  pipe  gallery.  It  is  heavily  reinforced  with  steel 
rods  to  distribute  the  pressures  uniformly  over  the  ground.  The  filters 
rest  directly  upon  the  roof  of  the  clear-water  basin  and  its  supporting  columns 
and  beams.  In  addition  to  the  240,000-gal.  storage  under  the  filters  there  is 
about  70,000-gal.  storage  under  the  settling  basin  head  house. 

An  elevated  steel  wash-water  tank,  holding  60,000  gals.,  built  by  the  Chicago 


454  HANDBOOK  OF  CONSTRUCTION  COST 

Bridge  &  Iron  Company,  is  supplied  by  an  8-in.  motor-driven  centrifugal  pump. 
Running  at  1700  r.p.m.,  this  pump  has  a  rated  discharge  of  1500  gal.  per  min- 
ute. The  pump  discharge  pipe  is  connected  into  one  end  of  the  wash-water 
line  in  the  pipe  gallery.  The  other  end  discharges  into  the  wash-water  tank. 
The  high  water  line  is  43  ft.  above  the  gutter  weirs  in  the  filters. 

Cost  of  the  settling  basins  per  1,000,000  gals,  of  storage  capacity  is  about 
$24,000  or  about  $6,000  per  1,000,000  gal.  of  estimated  operating  capacity. 
In  the  item  "  Valves  and  sluice  gates"  are  included  many  valves  for  the  "  Out- 
side pipe  lines"  and  other  improvements,  but  "Outside  pipe  lines "  include 
material  for  the  settling  basins  so  the  two  items  tend  to  offset  each  other.  On 
the  basis  of  a  6,000,000-gal.  plant,  the  filters,  filter  house,  electrical  equip- 
ment and  drain  well  cost  $14,620  per  1,000,000  gals. 

Hettlinq  Basin 

Concrete  work $51 ,500. 00 

Valves  and  sluice  gates 10,000,00 

Head  house 5,760.00 

Booster  pumps  and  pipe  connections 3,376. 28 

Miscellaneous  work 1 ,  211. 62 

$71,847.80 
Mechanical  Filters  and  Drain  Wxll 

Material  for  filters $21 ,081. 61 

Labor  on  filters .  .  .  30, 521. 80 

Filter  house  and  drain  well  house '.  .  .  .  5 ,  570. 09 

Floats  and  gages 222. 45 

Strainers  and  screens 2 ,  688. 00 

Lead  for  pipe  lajying 460. 58 

Pipe  and  specials 9,080. 30 

Controllers 2,000.00 

Wash-water  tank 3,400. 00 

Valves 4,208.00 

Labor  on  drain  well  and  wash-water  tank  foundations 1 ,  706. 60 

Booster  pumps 2 ,  784. 26 

Electric  wiring,  filter  house  and  settling  basin 3, 116.00 

$87,727.49 

Work  was  commenced  in  the  fall  of  1910  and  the  filter  constructed  complete 
in  the  latter  part  of  July,  1911.  The  concrete  work  was  continued  throughout 
the  winter  months,  provision  having  been  made  for  the  heating  of  all  sand  and 
water. 

Cost  of  Water  Purification  Plant  of  Great  Falls,  Mont. — The  plant,  de- 
scribed, at  length,  in  Engineering  and  Contracting,  Jan.  9, 1918,  from  which  the 
following  is  taken,  consists  of  a  mixing  chamber,  settling  basins  and  mechan- 
ical filters.  The  capacity  of  the  plant  is  12,000,000  gals,  per  day  and  the  cost 
was  approximately  $225,000,  or  $18,750  per  million  gals,  per  day  of  capacity, 
including  the  entire  water  purification  and  softening  plant,  the  low  service 
pumping  station,  real  estate,  engineering  and  supervision. 

Operating  at  rate  of  12,000,000  gals,  per  day  the  time  of  treatment  Is  M 
follows : 

Mixing  chamber 1,660  ft.  travel      36  minutes 

iSettling  basins 465  ft.  travel        8  hours 

The  thorough  mixing  and  long  period  for  settling  result  in  an  exoeptionAUy 
clear  water  before  it  reaches  the  filters  and  allows  of  a  saving  in  chamleals 
which  within  a  short  time  will  pay  for  the  increased  cost.  Other  savings  due 
to  the  use  of  the  large  mixing  chamber  are.  no  lime  is  required  for  precipitation 
of  the  sediment  in  the  water  and  since  the  water  is  exceptionally  deaa 
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It  pamra  onto  (he  auul  bede  less  frequent  washings  are  required  to  keep 
Sltera  In  condition. 

The  filters  are  arranged  in  eigbt  uuita  of  1,600.000  gais.  capacity  eocti. 
entire  plant  is  housed  In  a  reinforced  concrete  structure  with  brieli  i 
above  floor  level.    All  of  the  cheraicaia  are  fed  by  dry  feed  machines  w 
are  R^iilated  to  teed  the  cttemlcals  in  proportion  to  ttie  water  pumped. 


FiQ.  S— General  plan  of  water  purificaiLoa  worlia  ut  Coiumbus.  Oliio, 

Borne  Costs  el  the  Valei  Puiiflcatioa  Woibs  at  Columbus,  Ohio.— The 
following  data  are  given  in  Engineering  and  Contracting,  Feb.  S,  ISIO,  and 
are  from  apaper  by  John  H.  Gregory  in  Proc.  Am.  Soc.  of  C.  E,  Vol.  XXXVI, 
1910.  ■ 

The  inunpiag  station  and  purification  works  are  denlgned  for  extension  to 
an  ultimate  net  normal  capacity  of  40,000,000  gala,  per  24  hours.  At  present 
tbe  [nmiidng  station  has  a  net  normal  capacity  of  20,000,000  gais.  per  24 
haim.  but  the  building  is  of  sufficient  size  for  equipment  having  tbe  ultimate 
Drt  nonnal  C^vadty.  The  purification  worits  at  present  have  a  net  normal 
caftadtr  at  StXOOO.OOO  gals,  per  24  hours,  bul  have  been  arranged  so  tiiat 
*■*— -*""  laaj  leadlly  be  made. 
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Fig.  5  is  a  general  plan  of  the  works.  All  building  walls  are  of  brick  covered 
with  red  pressed  brick ;  floors,  stairways,  etc.,  are  of  reinforced  concrete.  Roof 
trusses  are  steel,  the  covering  being  of  slate  laid  on  3-in.  hollow  terra  cotta 
block. 

In  the  construction  of  the  work,  concrete,  both  plain  and  reinforced,  was 
used  extensively,  the  total  quantity  in  the  pumping  station,  purification  works 
and  adjacent  structures  amounting  to  39,560  cu.  yds.  The  average  price  paid 
for  the  above  amount  was  $7.27  per  cu.  yd.  The  relative  volumes  of  cement, 
sand  and  ballast  in  each  mixture  of  concrete,  and  the  corresponding  character 
of  work  in  which  the  mixture  was  used,  were  as  follows: 

1:2:4. — Water-tables,  belt-courses,  window-sills,  lintels,  etc.;  filter,  solution 
dissolving,  and  wash- water  tanks;  reinforced  floors,  roofs,  stairways,  and 
steps. 

1:  2}4:  5^. — Columns  in  buildings  and  piers  of  wash- water  tank;  filtered- water 
reservoirs,  lime  saturators,  mixing  tanks,  and  substructure  of  he«ul-houBe; 
settling  basins,  except  lateral  dividing  and  baffle  walls;  walls  in  general, 
conduits,  and  miscellaneous  small  structures. 

1:3:  7. — Lateral  dividing  and  baffle  walls  of  settling  basins;  footings,  and  founda- 
tions for  machinery  and  chimney. 

The  filter  gallery  is  in  the  wing  of  the  main  building  east  of  the  head-house, 
with  the  filter  tanks  ranged  on  either  side  of  the  gallery  and  supported  on  the 
roof  of  the  filtered-water  reservoirs.  Between  the  filters  there  is  a  reinforoed 
concrete  operating  floor,  below  which,  and  between  the  walls  of  the  filtered- 
water  reservoirs,  is  the  pipe  gallery. 

The  present  installation  includes  ten  filters,  each  having  a  normal  capacity 
of  3,000,000  gals,  per  24  hours.  The  filter  tanks  are  of  concrete  heavily 
reinforced,  each  being  constructed  as  a  monoUth.  Their  inside  dimensions  an 
26  ft.  2  ins.  wide,  46  ft.  8  ins.  long,  8  ft.  lO^i  ins.  deep  at  the  center.  Each  has 
a  net  filtering  area  of  1,088.9  sq.  ft.,  or  0.025  acre.  The  filters  are  designed  on 
the  basis  of  a  normal  rate  of  filtration  of  2  gals,  per  sq.  ft.  per  min.,  but  can  be 
operated  at  a  rate  50  per  cent  greater  than  the  normal,  if  desired.  The  filter- 
ing material  consists  of  2  ft.  6  ins.  of  selected  sand  upon  10-ins.  of  gravel  graded 
from  He  to  1-in.  the  finer  material  being  at  the  top. 

The  purification  works  were  placed  under  contract  in  June,  1905,  the  ma- 
chinery and  equipment  for  the  pumping  station  in  September,  1906,  tbe 
pumping  station  and  connection  in  July,  1906,  and  the  force  mains  connecting 
with  the  city  in  October,  1907.  Raw  water  was  first  pumped  to  the  purifica- 
tion works  on  July  2,  1908,  and  on  Aug.  17,  1908,  a  partial  supply  of  filtered 
water  was  begun. 

The  cost  of  the  entire  works  is  summarized  in  Table  V  and  unit  costs  aro 

given  in  Table  VI. 

Table  V. — Summary  op  Cost 

Land %      48,410 

Work,  exclusive  of  pumping  station  and  water  purification  works..  76,400 

Pumping  station 300,240 

Water  purification  works 532,480 

"^■^"^"^■^^^^^^ 
Total  cost  of  works,  exclusive  of  connections  to  city  and  exclusive 

of  engineering $1 ,056,820 

Connections  to  city 181 ,000 

Total  cost  exclusive  of  engineering  $]  ,287,010 

Engineering* 95,900 

Total  cost $1,838,570 

*  The  cost  of  engineering  work,  was  $95,950,  divided  as  follows :  Payroll, 
$84,340;  supplies,  $6,120;  expenses,  $5,490,  amounting  to  7.75  per  oent  of  tliei 
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Table  VI. — Unit  Cost  op  Main  Features 

Work  .  Capacity 
ng  station  building,  per  cu. 

l,273,300cu.  ft. 

>iiildingB,  water  purification 

per  cu.  ft 534.000  cu.  ft. 

basins,  per  1,000,000  gals ...  15 ,  000 ,  000  gals, 
urators,  per  1,000,000  gals. 

ITS 6,750,000  gals. 

per  24  hrs. 

anks,  per  1.000,000  gals 1 ,  270 ,  000  gals. 

water  reservoirs,    per 

K)  gals 10,000,000  gals. 

Water  Purification  Works 


iMtains 

use 

equipment 

orator  house 

anks 

lOuse 

d  laboratory 

lery 

water  reservoirs 

ter  tank,  pipe,  and  shelter . 
for  preliminary  operation . . 

unclassified 


30,000,000  gals, 
per  24  hrs. 


OF  Work 

Total 

Unit 

cost 

cost 

$128,490 

$  0. 101 

49,070 

0.092 

168.770 

11.250 

24,410 

3.620 

44.230 

34.800 

98,300 

9.830 

1 

Unit  cost 

per 

million 

gals,  per 

24  hrs. 

$168,770  $  5,630 

39,660 

1.320 

3,470 

120 

32,650 

1.080 

44.230 

1.470 

12.880 

430 

15.280 

510 

102.710 

3.420 
3.280 

98.300 

13.150 

440 

460 

20 

1.020 

30 

$532,480  $17,750 

des  superstructure  and  substructure  of  building. 

udes  superstructure  of  head-house,  saturator  house,  storage  house,  office 

ratory  and  filter  gallery. 

irative  Costs  of  Constructing  Cincinnati  and  Columbus  Purificatioii 
-In  the  discussion  of  the  paper  presented  by  John  H.  Gregory  (data 
ich  are  given  in  the  preceding  article)  J.  W.  EUras,  Siipt.  Cincinnati 
Q  Plant  presents  the  following  statement  in  Proc.  A.  S.   C.  E.,  Vol. 

(1910)  and  reprinted  in  Engineering  and  Contracting,  Mar.  30,  1910. 

VII  shows  the  costs  of  construction  of  the    Cincinnati  filtration 


II. — Total  and  Unit  Costs  op  Main  Features  op  Work  Done  in 

8TBUCTION    op    WaTBR    PURIFICATION    WORKS    AT   CINCINNATI,    OHIO 

(Capacity  of  Plant:  112,000.000  Gals,  in  24  Hours) 

Cost  per  milUon 
gallons  of 
capacity  for 
24  hours 


Work  Total  cost 

ion  of  grounds $       33.359.  67 

is   between   settling   reservoirs   and 

ouse 55 , 354 . 77 

i  chemical  house 144 ,  989 ,  85 

ion    basins,    gate-  houses    and    pipe 

304.913.05 

Iter  house,  piping,  sand  and  gravel . . .  592 , 1 12 .  30 
alves  and  gate-house  between  filters 

iar-water  reservoir 29,701. 91 

ter  reservoir 121 ,  362.  39 

$1,278,793.94 


$       297. 85 

494.24 
1,267.77 

2,722.44 
5,286.71 

265. 20 
1,083.59 

$11,417.80 
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At  Columbus,  the  unit  costs  per  million  gallons  of  capacity  in  24  houis  appear 
to  be  considerably  greater  for  the  settling  basins  and  mixing  tanks  combined, 
than  for  the  coagulation  basins  at  Cincinnati.  The  figures  for  the  Columbus 
tanks  and  basins  are  $7,100  per  million  gallons  of  capacity,  as  compared  with 
$2,722  at  Cincinnati.  In  a  general  way,  these  parts  of  the  two  plants  corre- 
spond; but  at  Columbus  more  elaborate  baffling  of  tanks  and  basins,  more 
divisions  of  the  flow  of  the  raw  and  treated  waters,  and  more  places  for  the 
primary  and  secondary  applicatioiLs  of  chemical  solutions  were  needed  and 
provided  for,  than  were  required  at  Cincinnati.  The  greater  combined 
unit  costs  of  the  headhouse,  lime-saturator  house,  storage-house,  wash-wiUer 
tank,  offices  and  laboratories  at  Columbus,  than  for  the  corresponding 
head-house,  chemical-house,  wash-water  tank,  offices,  and  laboratories  at 
Cincinnati,  are  similarly  explained  by  the  necessity  for  designing  a  plant  for 
softening,  as  well  as  for  clarifying  and  purifying  the  water.  The  combined 
unit  costs  for  the  items  noted  above  for  the  Columbus  plant  amount  to 
$3,784,  as  compared  with  $1,268  for  the  Cincinnati  plant. 

The  filters  and  piping  in  the  Cincinnati  plant  cost  more  per  million  gallona 
of  capacity  than  did  those  at  Columbus.  The  figures  for  Columbus,  wliidi 
include  the  air-washing  equipment,  are  $3,540,  as  compared  with  $5,287  for 
Cincinnati.  However,  the  filtered-water  reservoir  at  Columbus  cost  mors 
than  that  at  Cincinnati.  The  figures  for  the  Columbus  plant  are  $3,280  per 
million  gallons,  and  for  the  Cincinnati  plant,  $1,084.  At  the  latter  plant,  the 
clear-water  reservoir  is  a  separate  uncovered  reservoir,  while  at  Columbus,  ft 
is  directly  under  the  filter  tanks,  which  latter  form  a  protecting  roof.  Vir- 
tually, no  great  difference  in  costs  exists,  if  the  cost  of  the  filters,  piping,  and 
clear-water  reservoir  of  each  plant  be  combined  and  then  compared. 

The  cost  per  million  gallons  of  capacity  for  the  whole  purification  plant  at 
Columbus  Ls  stated  to  be  $17,750,  which  amount  does  not  include  englnearing; 
the  corresponding  figure  for  the  Cincinnati  plant,  as  shown  above,  is  $11,418* 
and  this  also  excludes  the  cost  of  engineering.  The  difference  of  more  than 
$6,000  i>er  million  gallons  capacity  is  doubtless  due  to  the  additional  requira- 
ment  demanded  by  the  local  conditions  at  Columbus,  that  is,  for  the  softenlof 
of  a  very  hard  water,  and  one  which  is  at  times  subject  to  rapid  fluctuattmi 
in  its  physical  characteristics. 

Costs  of  Slow  Sand  Water  Filtration  Plant  at  Toronto,  Ont. — The  foUowing 
data  are  taken  from  an  abstract  published  in  Engineering  and  C(mtraotliV, 
Nov.  19,  1913,  of  a  paper  by  Francis  F.  Longley  before  the  Canadian  Socletj 
of  Civil  Engineers. 

The  filtration  plant  with  a  daily  capacity  of  40,000,000  Imp.  gals.,  conaista 
of  the  pumping  station  and  equipment,  12  filters,  each  117  ft.  by  312  fL 
arranged  symmetrically  on  either  side  of  the  regulating  equipment,  sand 
bins,  etc.,  and  a  pure  water  reservoir  312  ft.  square  with  a  capacity  of  7,676,000 
Imp.  gals.  .  -  . 

The  filters  are  built  of  concrete  with  inverted  groined  arch  floor  and  groiMfl 
arch  roof.  The  rate  of  filtration  assumed  in  the  design  of  the  plant  HM 
6,000,000  U.  S.  gals,  per  acre  per  day  which  with  the  relatively  clear  water  of 
Lake  Ontario  is  justified  by  experience  as  being  fair,  although  much  hiilMr 
than  that  ordinarily  used. 

Most  of  the  filter  and  reservoir  excavation  was  made  by  means  Of  d|p 
scrapers  and  wheel  scrapers  and  moved  direct  to  the  spoil  banks.  A  con- 
siderable part,  however,  was  dumped  from  the  scrapers  through  a  %np  tM 
cars,  and  these  cars  were  hauled  across  the  site  and  dumped  for  fill  on  top  of  tht 
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filter  masonry.    The  fill  on  top  of  the  filters  was  finished  with  6  ins. 
the  slopes  sodded,  and  the  tops  and  other  unsodded  portions  grass 

and  gravel  were  obtained  in  large  part  on  or  near  the  site,  the  work 
1  an  island  only  a  few  hundred  feet  from  Lake  Ontario, 
equipment  for  cleaning  the  filters  and  recovering  and  replacing  the 
nsists  in  general  of  the  following  parts:  A  piping  system  to  carry 
nder  pressure  into  the  filters  and  to  the  sand  washers,  and  to 'carry 
h  of  sand  and  water  in  the  ejecting  and  washing  processes  from  the 
3  the  washers  and  from  the  washers  to  the  sand  bins;  centrifugal 
n  duplicate  in  the  pumping  station  for  supplying  water  for  this  pur- 
ovable  ejectors  of  suitable  design  for  ejecting  the  dirty  sand  from  the 
he  sand  washers  in  the  court ;  the  sand  bins  for  the  storage  of  clean 
id  the  appliances  for  replacing  sand  in  the  filters, 
and  storage  bins  are  four  circular  tanks  of  reinforced  concrete,  the 
of  each  being  in  the  shape  of  an  inverted  cone.  Each  of  these  tanks 
ameter  of  34  ft.,  a  depth  of  16>^  ft.  above  the  base  of  the  cone  and  a 
'  of  about  600  cu.  yds.  The  conical  bottoms  of  the  bins  were  placed 
included  complete  arrangements  of  piping  and  perforated  brass  plates 
lens  for  the  prompt  draining  of  the  water  from  the  sand. 
/the  Works. — Soon  after  July  1,  1912,  an  analysis  of  all  expenditures 
eork  was  made  from  the  figures  given  in  the  accountant's  books.  For 
still  to  be  done  at  that  date,  as  accurate  an  estimate  as  possible  was 
the  cost,  and  the  approximate  total  cost  of  the  work  made  up  on  that 

Analysis  of  Cost  op  Toronto  Filtration  Plant 

t  and  Appurtenances — 

e  during  construction $  18,628. 00 

ion,  90,367  cu.  yds.  at  21  cts 18,977. 07 

Ion,  2,897  cu.  yds.  at  63  cts 1 ,826. 11 

fill,  75,517  cu.  yds.  at  22  cts 16,613.74 

10,185  cu.  yds.  at  S1.50 15,277.50 

4,920  sq.  yds.  at  25  cts 1 ,  230. 00 

nd  walls,  17,641.4  cu.  yds.  at  $6.35 $112,030.75 

.ulting,  13,209.  4  cu.  yds.  at  $8.80 116,247. 12 

nholes  and  covers  in  place 9 ,  865. 00 

ttforcing 2,722.  24 

of  drainage 836. 00 

etsonry  complete 241 ,  701 . 1 1 

J  pipe  system 21 , 942.  28 

mturi  meter,  main  supply 2 ,  133.  84 

avel,  11,436  cu.  yds.  at  $1.50 17, 154. 00 

nd,  56,707  cu.  yds.  at  $1.10 62,377.  70 

borage  bins 9 ,  363. 36 

washers 2,268. 05 

sher  pipe  system 16 , 609. 41 

ctors,  nose,  etc 566. 41 

ipipeUnes 19,600.18 

sters,  gages,  etc 6 , 750. 63 

drainage  system,  vitrified  pipe 2 ,  555. 29 

irainage  system 500. 00 

duct  system  in  court 1 ,  398. 96 

lighting,  outside 300. 00 

Ugbting,  in  filters 700. 00 

erdrains  in  filters 6,090. 00 

»  sidewalks 1 .250. 00 

»r  houses,  complete 8 ,  564. 82 

ce  houses,  complete 7 ,  670. 39 
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Office  and  laboratory  building 12,420. 66 

Office  and  laboratory  equipment 8,063. 85 

Castings  for  additional  72-in.  Venturi  meter 385. 00 

Manhole  extensions  on  6  ft.  steel  pipe 563. 26 

Items  properly  chargeable  to  maintenance  prior  to  Jan.  1,  1012 10,251. 31 

Miscellaneous 17, 175. 58 

Total  cost  of  12  filters 8545,007. 50 

Pure  Water  Reservoir — 

Drainage  during  construction 4,000.00 

Excavation,  21,500  cu.  yds.  at  21  cts 4,615. 00 

Fill,  17,000  cu.  yds.  at  22  cts 3,740.00 

Fill,  8,323  cu.  yds.  at  30  cts 2,496.90 

Clay  fill,  2,346  cu.  yds.  at  $1.50 3,519.00 

Sodding,  1,062  cu.  yds.  at  25  cts 266. 50 

Entrance  houses 1 ,  261. 90 

Concrete — 

Floors  and  walls,  4,040.8  cu.  yds.  at  $6.23 $  25,650. 00 

Piers  and  vaulting,  2,832.5  cu.  yds.  at  $8.80 24,920. 00 

Cast  iron  manholes,  in  place 617. 60 

Steel  reinforcing 46. 36 

Outlet  to  72-in.  steel  pipe 815.  63 

Reservoir  masonry  complete 52,049. 50 

Miscellaneous 774. 11 

Total  cost  of  pure  water  reservoir $  72.622.00 

Pumping  Station — 
Building,  including  structure $  24,625. 12 

Machinery — 

3  screw  pumps  (8  ft.  lift) $    9,946. 90 

48-in.  steam  pump  (tandem  compound  Corliss) 9,290. 32 

2  sand  washer  pumps  (8-in.  centrifugal) 5,234. 00 

1  drainage  pump  (12-in.  centrifugal) 1,675.00 

2  boilers  (100  hp  fire  tube) 2,911.  69 

Priming  pump,  complete 596. 00 

Crane 1 ,  110. 00 

2  Venturi  meter  registers 894. 00 

Total  machinery 31,656.91 

Coal  bin  (52  X  39  X  10  ft.  deep) 3,402.98 

Chimney 1,687.88 

Gate  valves  and  sluice  gates 4 ,932. 11 

Cast  iron  pipes  and  specials 2,720. 9$ 

Steam  piping,   electric  conduit  work.  Island  supply  and  miscella- 
neous   17, 148. 87 

Checker  plates,  in  place 600. 00 

Coal  durmg  construction 4,287.88 

8  90,920.78 

Engineering  and  Inspection — 

General  plans,  specifications  and  supervision 8  20,660.00 

Construction,  office  force . .  . . ' 26,810.00 

Inspection 15,600.00 

8  72.000.00 

Summary — 

12  filters,  complete 8545,007.80 

Pure  water  reservoir,  complete 72,688.00 

Pumping  station  and  equipment 00,080.10 

Engineering  and  inspection 72, 


Total  cost  of  work 8781 ,5l0.)b 

Approximately  $14,500  of  the  above  amount  is  fairly  chargteable  to  Impiof^ 
ments  in  the  Island  Supply,  for  which  no  special  funds  were  provided. 
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Approximately  $10,250  is  fairly  chargeable  to  maintenance,  prior  to  Jan.  1, 
1912,  during  which  time  there  was  no  special  fmid  for  that  purpose. 

Percentage  for  engineering  and  inspection 10.  2 

Cost  per  acre  for  filters $58,000 

Cost  per  1,000,000  gals,  for  reservoir 9,700 

The  total  expenditures  and  outstanding  accounts,  as  shown  by  the  ac- 
countant's books  about  Dec.  1,  1912,  amounted  to  approximately  $783,400. 
Practically  all  construction  work  was  at  that  time  completed,  and  it  is  appar- 
ent, ther^ore,  that  the  analysis  given  above  was  reasonably  complete  and 
accurate,  and  show  satisfactorily  the  relative  costs  of  the  different  parts  of 
the  work. 

Construction  and  Operating  Costs  of  Filters  of  the  Pressure  Type  at  New 
Canaan,  Conn. — The  following  matter  taken  from  an  abstract,  of  a  paper  by 
Kenneth  W.  Leighton  before  the  1914  annual  meeting  of  the  Connecticut 
Society  of  Civil  Engineers,  was  published  in  Engineering  and  Contracting, 
Aug.  5,  1914. 

Excavation  for  the  foundation  of  the  building  was  started  May  13,  1913. 
and  water  was  turned  through  the  filters  on  July  1, 1913.  The  filter  plant  was 
located  so  that  the  line  of  the  old  12-in.  supply  main  came  about  2  ft.  inside 
of  the  east  wall  of  the  building.  About  80  ft.  of  this  old  supply  main  had  to 
be  taken  up  in  order  to  insert  the  Venturi  meter  and  branches  for  the  filters. 
As  this  12-in.  main  forms  the  only  supply  for  the  town,  a  temporary  6-in.  pipe 
was  tapped  in  below  the  filter  plant  and  run  to  a  notch  cut  in  the  concrete 
spillway  of  the  dam. 

The  filter  plant  proper  consists  of  four  filters,  each  capable  of  filtering 
250.000  gals,  in  24  hours.  This  amount  is  based  on  2  gals,  per  minute  per 
square  foot  of  horizontal  filtering  area.  This  arrangement  provides  sufficient 
filtered  water  for  washing  one  filter  while  the  other  three  are  in  use.  and  also 
allows  for  f ut  are  growth  in  consumption.  The  consumption  for  short  periods 
has  run  as  high  as  600.000  gals,  per  24  hours. 

The  filters  are  of  the  Continental  Jewell  type  and  consist  of  steel  tanks 
10  ft.  in  diameter  and  about  7  ft.  high  with  convex  tops  and  bottoms.  Just 
above  the  convex  portion  of  the  bottom  are  placed  a  series  of  bronze  strainers, 
about  200  in  number.  The  slits  in  these  strainers  are  so  small  that  the  sand 
or  gravel  cannot  get  through  them.  The  bottom  of  the  tank  is  concreted 
in  up  to  the  strainers.  Above  the  strainers  is  a  9-in.  layer  of  gravel  >»  to  H 
in.  in  size.  Above  the  gravel  is  a  30-in.  layer  of  sand.  From  the  top  of  the 
sand  to  the  top  of  the  tank  there  is  just  room  for  a  man  to  get  in  and  move 
around  uncomfortably.     A  section  of  one  unit  is  shown  in  Fig.  6. 

Before  the  water  reaches  the  filters  some  of  it  is  forced  by  a  back  pressure 
Tdive  through  either  one  of  two  tanks,  each  containing  about  100  lbs.  of  alum. 
A  obtain  amount  of  the  alum  is  dissolved  and  carried  back  into  the  supply 
main.  The  alum  luiites  with  a  portion  of  the  alkali  in  the  water,  forming  a 
flaky  precipitate  of  aluminum  hydroxide  which  serves  to  entangle  small 
particles  and  coloring  matter  and  to  make  a  coating  on  top  of  the  sand. 
One  grain  of  alum  per  gallon  will  use  up  about  eight  parts  of  alkalinity  per 
miHioii,  so  that  if  the  water  is  deficient  in  alkalinity  some  alkali,  such  as 
sodium  carbonate,  would  have  to  be  added. 

In  seven  months  there  has  been  used  4H  tons  of  alum,  and  47,596.000  gals. 
of  water  have  been  filtered,  making  IKo  grains  of  alum  per  gallon  of  water. 
It  is  very  likely  that  this  can  be  reduced  somewhat  before  long. 
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The  water,  on  entering  at  the  top  of  the  filter  unit,  is  deflected  by  a  baflto 
plate,  thus  spreading  it  evenly  over  the  top  of  the  bed.  In  going  through  ths 
filters,  there  is  a  loss  in  pressure  of  from  2  to  4  lbs.  When  it  reaches  the  latter 
figure  it  is  time  to  wash.  The  filters  are  washed  at  least  once  a  day,  evea,  if 
the  loss  in  pressure  does  not  reach  4  lbs.  The  filters  are  of  the  sectional  wash 
type  and  only  one-third  of  a  unit  is  washed  at  a.  time.  This  gives  greata . 
pressure  and  tends  to  keep  the  water  from  burrowing  through  the  filtering 
material.  The  washing  is  done  by  reversing  the  flow  of  water.  The  washing 
of  a  unit  takes  about  15  minutes,  unless  the  bed  is  exceptionally  dirty. 

When  the  reservoir  is  low  the  filters  are  washed  by  using  the  10,000-gaL 
clear  water  tank  and  the  pump.  The  pump  is  a  5-in.  suction,  5-in.  dischargBf 
Kingsford  centrifugal  pump  coupled  to  a  10-h.p  Westinghouse  inductioQ 
motor.  The  clear  water  tank  holds  enough  to  wash  approximately  two  filttf 
units.  The  water  used  for  washing  is  about  5  per  cent  of  the  total  wat« 
consumed  during  24  hours.  After  passing  through  the  filters,  the  water  is 
measured  by  a  Venturi  meter,  which  records  the  rate  of  flow  every  10  minutes 
and  the  total  amount  in  gallons. 
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FiQ.  6. — Section  of  filter  unit,  pressure  filters,  New  Canaan,  Conn. 

The  building  is  heated  by  an  ordiimry  round  station  stove  with  about  » 
20-in.  fire  pot,  and  will  bum  about  5  tons  of  coal  during  the  winter. 

The  efficiency  of  the  plant  is  indicated  by  the  comparative  analyses  of  tte 
raw  water  in  past  years  and  of  the  filtered  water  at  the  present.  An  exandii^ 
tion  of  the  raw  water  analyses  made  at  monthly  intervals  from  December* 
1911,  to  June,  1913,  shows  that  the  color  ranged  from  28  to  96  parts  psr 
million,  the  turbidity  from  1  p.  p.  m.  to  60  p.  p.  m.  and  the  alkaUnity  frani 
7  p.  p.  m.  to  25  p.  p.  m.  During  the  same  period  the  odor  has  been'diw- 
acterized  as  grassy,  faint,  faint  peaty,  or  distinct  peaty,  and  the  color  of  tte 
sediment  has  been  termed  slight  brown,  slight  gray  or  dark  brown.  ThelMi 
analysis  of  the  filtered  water  by  the  State  Board  of  Health  is  as  fdSknmi 
Color,  0;  turbidity,  0;  nitrates,  0;  free  ammonia,  0;  odor,  0;  sedlnunti  0; 
chlorine,  only  0.1  above  normal;  hardness,  32.68  (less  than  60  Is  oonildsnd 
soft  water) ;  bacteria;  175  per  c.c,  no  suspicious  ones. 

Construction  and  Operation  Cost  Data. — ^The  following  tabulation  gIVM  tte 
approximate  cost  of  the  filter  plant,  the  estimated  cost  of  operating  for  %-  V 
month,  and  the  cost  per  1,000,000  gals,  of  water: 
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Cost  of  filter  plant: 

BuUdine S  6,000.00 

Filters 12,500.00 

Venturi-meter 600. 00 

Miscellaneous 1 ,900. 00 

$21,000.00 
Cost  of  operating  per  month: 

Attendants'  salary S  65. 00 

Power  (minimum  charge) 10. 00 

Light .50 

Telephone 4.  50 

Compensation  insurance ^ 1 .  00 

Coal 3.30 

Alum 27. 00 

Miscellaneous 2. 00 

Depreciation: 

Machinery,  10  per  cent   125. 00 

Building,  2  per  cent 10. 00 

Interest  on  investment  at  6  per  cent 105. 00 

$       353.30 
Amount  of  water  filtered  per  month  eqiials  7,000,000  gals. 
Cost  per  1,000,000  gals,  of  water  filtered,  $50.43. 

It  should  be  noted  that  more  water  could  be  filtered,  if  the  occasion  de- 
manded, without  increasing  the  present  cost  materially. 

Labor  Costs  of  Constructing  Filtration  Plant  at  Minneapolis,  Minn. — In 
Engineering  and  Contracting,  June  11,  1913,  June  25,  1913  and  Nov.  5,  1913, 
W.  N.  Jones  gives  in  gfreat  detail  the  design  and  methods  and  costs  of  con- 
structing the  39,000,000  gal.  mechanical  \%ater  filtration  plant  at  Minneapolis, 
{Tom  which  the  following  matter  is  abstracted. 

Hering  and  Fuller  were  commissioned  to  draw  up  the  plans  and  specifica- 
tions for  the  work  in  March,  1910  and  after  careful  study  of  the  old  works, 
^ch  consisted  of  a  first-class  pumping  station,  three  miles  of  50-in.  steel 
force  mains,  and  two  settling  or  service  reservoirs  of  a  capacity  of  47,000,000 
gals,  each,  it  was  decided  to  use  the  old  re  ervoirs  as  a  part  of  the  new  plant. 

The  new  plant  contemplated  the  covering  of  one  of  the  old  reservoirs  with 
*  groined  arch  roof  to  be  used  as  a  clear  water  basin,  the  raising  of  the  embank- 
ments of  the  other  reservoir  10  ft.,  in  order  to  maintain  the  elevation  of  the 
water  m  the  clear  water  basin  at  the  old  level  and  provide  a  working  head 
'or  the  operation  of  the  filters,  also  a  mixing  chamber,  two  coagulation  basins, 
a  headhouse,  12  mechanical  filter  units,  with  an  auxiliary  clear  water  basin 
underneath,  and  wash  water  tank  of  135,000  gals,  capacity. 

The  old  reservoirs,  which  were  built  in  1896,  were  rectangular  in  shape,  each 
877  ft.  6  ins.  long  by  413  ft.  6  Ins.  wide,  c.  to  c.  of  curbing,  with  a  1  on  2 
slope  inside. 

Fig.  7  gives  the  general  layout  of  the  plant  and  shows  the  principal  dimen- 
sions of  the  units. 

The  building  of  the  filter  plant  was  the  largest  single  piece  of  work  ever 
attempted  by  the  City  of  Minneapolis  under  the  "day  labor  system  "and 
ployed  the  greatest  variety  of  labor,  both  skilled  and  unskilled  of  any  job 
voder  the  jurisdiction  of  the  Engineering  Department.  All  the  labor  had  to 
j  Retrained  in  filter  work,  as  none  had  ever  worked  on  a  like  job  before.  The 
•isiditions  under  which  the  work  was  done  were  far  from  being  the  best. 
More  or  less  patronage  was  attempted  by  some  of  the  aldermen,  causing  some 
*Hctlon  betwe^i  them  and  thd  constructing  department.  This  patronage 
^'^canie  less  as  the  wOTk  progressed,  as  it  was  soon  recognized  that  unless  a 
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man  did  his  work  well  tliere  was  no  place  at  tbe  filter  plant  For  him,  no  mattoc 
who  his  friends  might  be. 

Rainy  weather  and  the  extieme  cold  of  the  winters  delayed  tbe  work 
materlaJlj,  as  It  was  almost  Impossible  to  work  to  advantage  In  dtber.  A 
large  amount  of  work,  however,  was  done  at  times  when  it  would  have  meuU 
a  saving  In  the  cost  had  one  waited  for  more  favorable  weathei.  EepedaDj 
waa  this  true  of  the  earth  and  concrete  work,  some  of  which  was  dmke  undor 
very  trying  conditions. 

The  amount  of  constructing  machinery  used  on  the  Job  was  veiy  meagK. 
amounting  to  almost  a  famine  io  this  line.     It  caused  many  things  to  bi 


Flu.  7.— <ieneral  layout  plan  of  MinneapolLi  wate 

handled  by  hand  that  really  required  macblnery  for  its 

The  quality  of  the  work  turned  out  by  tbe  force  account  ayslam  has  biM 
very  good.  Every  man  was  warned  not  to  place,  knowiocty,  addactlTsplM* 
ot  nmterial  of  any  kind  In  liis  work,  and  whenever  be  discovered  anything  tint 
did  oot  appear  Bist  claaH  tu  report  It  to  bis  superiors.  Quality  ms  ilwiya 
placed  first,  and  quantity  turned  out  neit.  It  la  safe  to  say  that  tha  i|iMlltr 
uf  the  work  la  much  better  than  it  would  have  been  had  (he  Job  bean  doottty 
contract,  and  there  Is  no  reason  to  believe  that  the  cost  or  tba  tlmt  of  oj^ 
liletlon  would  have  been  any  Ighb.  i- 
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AID   ON   CONBTBUOnON   WOBK   AT  THB   MlMNKAPOUS  FiLTBB  PbAKT 

1911.  1012. 

tion  Per  mo.    Per  mo. 

superintendent $125. 00    $126. 00 

65. 00        66. 00 

Per  day     Per  dfty 

$    5.00     $    4.60 

Foreman 3. 60  8. 76 

an 3.00  8.00 

w 4.50  4.60 

3.00  8.00 

2.75     

man ,    7.00 

B 5.20  5.20 

steel  foreman 5. 60 

steel  workers 4. 60 

rs*  foreman 6. 00  6. 00 

rs 4.60  4.60 

4.60 

4.00 

6. 60 

ixers 3^.26- 

m 4.40  4.40 

4.00 

h 3.00  8.00 

1 4.00 

inecr 4.00  4.00 

ngineer 3. 00 

inishers 2. 60 

al  workers 4. 80 

3.60 

B 4.00  4.00 

I  carpenters 8. 00  3. 00 

ngine^,  vacuum  system 6. 00 

■  apprentice,  3rd  year 3. 60 

r  helper 2.40 

' 1.25  1.40 

tn 2.40  2.55 

3.16 

96  ••••••• O*  \j\j       ••••«•• 

4.72  5.00 

2.25  2.40 

owing  are  labor  costs  for  work  done  on  this  filtration  for  1911  and 

LABOB  COST  DATA  ON   8BTTLINO  BASIN  IN   1912 

ork. — Excavation:  321  cu.  yds.  of  earth  were  excavated  from 
y  hand  at  an  average  cost  of  78.4  cts.  per  cu.  yd.  This  cost  includes 
ig  and  staging.  Of  the  321  cu.  yds.  excavated  236  cu.  yds.  was  dry 
TtAed  three  times,  40  cu.  yds.  was  wet  clay  handled  four  times,  and 
a.  was  wet  clay  handled  twice,  at  average  costs  of  80  cts.,  $1,  and 
cu.  yd.,  respectively.  Backfill:  747  cu.  yds.  were  backfilled  by  hand 
sr  at  an  average  cost  of  34.7  cts.  per  cu.  yd.  The  ground  was  wet 
7  frozen.  This  figure  includes  the  hauling  of  93  cu.  yds.  900  ft. 
Oil  of  10,773  cu.  yds.  was  well  sprinkled  and  rolled  in  layers  of  6  ins. 
ton  roUer.  Average  cost,  49.8  cts.  per  cu.  yd. 
Wall. — The  1,529  cu.  yds.  of  puddle  were  tamped  by  hand  in  IH 
yers  at  an  average  cost  of  75.7  cts.  per  cu.  yd.  The  water  needed 
ed  by  hand. 

7  of  Crushed  Stone  and  Screening  Gravel. — All  crushed  stone  was 
J  hand  to  remove  dirt.  In  aU  77  cu.  yds.  of  stone  and  gravel  were 
t  an  avwtige  cost  of  $1.67  per  cu.  yd. 
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Hauling  Crushed  Stone  and  Gravel. — The  crushed  stone  was  handled  by 
hand  and  hauled  in  common  dump  wagons.  172  cu.  yds.  were  hauled  an 
average  of  330  ft.  at  an  average  cost  of  39.9  cts. 

Concrete. — Concrete  was  laid  in  slabs  13.5  ft.  by  10  ft.  by  6  ins.  on  2  to  1 
slope.  142  cu.  yds.  were  laid  at  an  average  cost  of  $2. 12  per  cu.  yd.,  including 
the  1 :2  cement  finish  and  the  setting  and  removing  of  screeds. 

Laying  Crushed  Stone. — Crushed  stone  shoveled  down  slopes  and  spread 
by  hand.     1,134  cu.  yds.  were  placed  at  an  average  cost  of  35.2  cts.  per  cu.  yd. 

Laying  Tracks. — 745  ft.  of  24-in.  gage  tracic  in  16-ft-.  lengths  at  an  average 
cost  of  3.3  cts.  per  ft. 

Laying  Sandstone. — The  sandstone  blocks  were  12  by  14  ins.  in  section  and 
from  2  to  6  ft.  long.  They  were  laid  on  edge.  In  all  11,690  sq.  ft.  were  laid 
at  an  average  cost  of  4.9  cts.  per  sq.  ft. 

Hauling  Sandstone. — 11,795  sq.  ft.  of  sandstone  was  loaded  by  hand  and 
hauled  on  a  stone  jigger  at  an  average  cost  of  4.4  cts.  per  sq.  ft. 

Pouring  Asphalt  Joints. — 805  lin.  ft.  of  asphalt  joints  were  heated  and 
poured  at  an  average  coat  of  7.1  cts.  per  ft. 

*Coping  Stone. — Hoisting:  The  coping  stone  were  hoisted  12  ft.  by  an  (dd 
pipe  laying  derrick  operated  by  hand  power.  10,548  sq.  ft.  of  this  stone  was 
hoisted  at  an  average  cost  of  2.8  cts.  per  sq.  ft.  The  coping  stones  are  4  X  12 
ins.  in  section  and  from  4  to  8  ft.  long.  Hauling:  The  stone  was  loaded  by 
hand  and  hauled  a  distance  of  750  ft.  on  a  stone  jigger.  The  average  cost 
for  2,750  sq.  ft.  so  hauled  was  4  cts.  per  sq.  ft.  Setting:  the^kverage  cost  for 
setting  11,792  ft.  of  coping  stone  was  5  cts.  per  sq.  ft. 

Fencing. — Hauling:  2,207  lin.  ft.  of  fencing  was  hauled  650  ft.  on  common 
dump  wagons,  which  were  not  suitable  for  the  purpose,  at  an  average  coet  o(  S 
cts.  per  lin.  ft.  Placing:  2,534  lin.  ft.  of  fencing  was  placed  at  an  average 
cost  of  16.3  cts.  per  lin.  ft.  This  includes  drilling  five  ^i-ia.  X  3-in.  holeB 
in  the  sandstone  coping  for  every  12  ft.  length  of  fence,  placing  all  bolts,  «te. 
Painting:  2.324  ft.  of  fencing  was  painted  at  an  average  cost  of  5.6  cts.  per  Un. 
ft.  This  is  for  one  coat  and  includes  cleaning  otl  all  rust.  Fence  conalsts  at 
3-in.  pipe  rail  and  4-in.  by  4-in.  ornamental  posts  12  feet  apart.  Bolted 
lug  midway  of  each  section. 

Crossover  Pipe. — Setting:  14.85  tons  of  42-in.  cast  iron  water  pipe  was  set 
at  an  average  cost  of  $4.49  per  ton.  This  includes  some  sheeting  and  the  use 
of  a  pipe  derrick.  Cutting:  The  42-in.  cast  iron  pipe  was  cut  in  two  at  three 
sections  outside  the  trench,  by  two  men  using  cold  chisels  at  an  average  cost  of 
SI. 50  per  cut.  The  pipe  was  cut  at  two  sections  after  the  main  was  in  place. 
in  soft  ground,  at  an  average  cost  of  SI  1.50  per  cut.  Calking:  12  joints  in  tbe 
42-in.  cast  iron  water  pipe  were  calked  by  the  calkers  of  the  water  departmeot 
at  an  average  cost,  including  yarning,  melting  lead,  pouring,  etc.,  of  S2.41  per 
joint.    This  pipe  inclines  22>^  degrees  from  the  vertical. 

Making  Bolts. — 136  bolts  H  X  4>^  ins.  were  made  at  an  average  cost  of 
5  cts.  each.  660  bolts  H  X  5  ins.  were  made  at  an  average  cost  of  4.3  ots. 
each.  These  figures  include  welding  on  heads  or  upsetting,  and  threading 
bolts  and  nuts. 

LABOR  COST  DATA   ON   CLEAR  WATER  BASIN   IN   1911 

Ground  and  Segmental  Arch  Forms. — Building:  25,964  sq.  ft.  of  theee 
forms  were  built  at  an  average  cost  of  5.2  cts.  per  sq.  ft.,  including  ofllng.    '  j 
Transporting:  367.832  sq.  ft.  of  these  forms  were  transported  a  distamt  tt 
averaging  between  200  and  300  ft.  at  an  average  cost  of  0.6  cts.  per  aq.  ft»  i\ 
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This  cost  includes  hoisting  289,100  sq.  ft.  of  the  forms  through  a  height  of 
22  ft.  Setting:  346,731  sq.  ft.  of  these  forms  were  set  at  an  average  cost  of  1.9 
cts.  per  sq.  ft.  This  includes  all  bracing,  repairs  and  reoiling.  Wrecking: 
334,214  sq.  ft.  of  these  forms  were  wrecked  an  average  cost  of  1.7  cts.  per  sq. 
ft.  This  includes  the  wrecking  of  all  braces.  In  all  the  foregoing  square  feet 
of  formwork  refers  only  to  the  portion  exposed  to  concrete. 

Supporting  Posts. — Building:  108  supporting  posts  for  the  arch  forms  were 
built  at  an  average  cost  of  18  cts.  each.     This  includes  the  cost  of  transporting 
the  posts.     Setting:  3,524  posts  were  set  at  an  average  cost  of  46.7  cts.  each. 
This  includes  wrecking  the  posts  and  hauling  them.    The  cost  of  wrecking^ 
only  on  174  posts  averaged  2.9  cts.  each. 

Column  Forms. — Building:  3,330  sq.  ft.  of  forms  were  built  at  an  average 
cost  of  1.3  cts.  per  sq.  ft.  Transporting:  17.200  ft.  B.  M.  of  these  forms  was 
transported  about  800  ft.  at  an  average  cost  of  95  cts.  per  1,000  ft.  B.  M. 
Setting:  123,243  sq.  ft.  of  these  forms  were  set  at  an  average  cost  of  3  cts. 
per  sq.  ft.,  including  transporting  to  place  and  reoiling.  Placing  Clamps: 
16,029  clamps  were  placed  at  an  average  cost  of  5.7  cts.  each.  Wrecking: 
112,478  ft.  B.  M.  of  these  forms  were  wrecked  at  an  average  cost  of  $10.24 
per  1,000  ft.  B.  M.    This  includes  removal  of  clamps. 

Making  Clamps. — 4,807  clamps  were  made  at  an  average  cost  of  1.2  cts. 
each. 

Tearing  Up  Forms. — 101,930  ft.  B.  M.  of  forms  were  torn  up  at  an  average 
cost  of  $1.87  per  1,000  ft.  B.  M. 

Sawing  Wedges. — 1,880  wedges  were  sawed  at  an  average  cost  of  1  ct.  each. 

Recovery  of  Lumber. — 128,200  ft.  B.  M.  of  lumber  was  recovered  from  the 
torn  down  forms  at  an  average  cost  of  $4. 10  per  1,000  ft.  B.  M.  This  work  was 
the  pulling  of  old  nails,  r^noving  concrete  from  the  boards,  etc. 

42-in.  Conduit  Forms. — Making:  111  sq.  ft.  of  collapsible  forms  were  built 
tt  a  cost  of  17.8  cts.  per  sq.  ft.  Setting:  7,779  sq.  ft.  of  42-in.  conduit  forms 
were  set  at  an  average  price  of  2>^  cts.  per  sq.  ft.  This  included  oiling  and 
bracing. 

Setting  Forms  for  Pedestals. — 726  pedestal  forms  w6re  set  at  an  average 
cost  of  68H  cts.  These  forms  were  dropped  onto  the  pedestals  and  squared 
up  for  holding  up  the  colimui  forms. 

Concreting. — Conduit:  158  cu.  yds.  of  concrete  were  placed  in  the  42-in. 
conduit  at  an  average  cost  of  $1.58  per  cu.  yd.  This  included  placing  the  rein- 
forcing bars.  Columns  and  Groined  Arches:  10,933  cu.  yds.  of  concrete  were 
placed   at  an  average  cost  of  94  cts.  per  cu.  yd.     The  average  haul  was  650  ft. 

Holes  for  Pedestals. — Backfilling:  269  cu.  yds.  were  backfilled  at  an  average 
cost  of  59  cts.  per  cu.  yd.  Sealing  Up:  64  cu.  yds.  of  concrete  were  used  in 
sealing  up  holes  for  i)edestals  at  an  average  cost  of  $3.22  per  cu.  yd.  This 
concrete  floor  was  6  ins.  thick  and  the  cost  given  covers  the  1 :2  cement  mortar 
finishing  coat. 

Tearing  Up  Old  Revetment. — 1,689  cu.  yds.  of  the  old  revetment  wall  were 
torn  up  and  hauled  away  at  an  average  cost  of  51  cts.  per  cu.  yd. 

Filling  on  Top  of  Basin. — 36.949  cu.  yds.  were  filled  at  an  average  cost  of 
48.5  cts.  per  cu.  yd.  The  average  haul  was  1,200  ft.  Common  dump  wagons 
were  used.    All  earth  was  shoveled  by  hand. 

Transporting  Lumber. — 170,590  ft.  B.  M.  of  old  form  lumber  was 
transported  1,000  ft.  at  an  average  cost  of  $4  per  1.000  ft.  B.  M. 

The  total  classified  costs  of  this  work  on  the  clear  water  basin  are  given  in 
Chap.  VI.    Dams,  Reservoirs  and  Standpipes. 
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COST    DATA    ON    FILTERS    IN     1911 

Excavation. — 1,454  cu.  yds.  were  excavated  and  hauled  between  300  and 
350  ft.  with  scrapers  at  an  average  cost  of  26  cts.  per  cu.  yd.  600  cu.  ydB.  weie 
shoveled  into  dump  wagons  and  hauled  450  ft.  at  an  average  cost  of  38.7  cts. 
per  cu.  yd.  265  cu.  yds.  were  excavated  by  pick  and  shovel  for  the  36-in. 
drain  at  an  average  cost  of  69  cts.  per  cu.  yd. 

Mixing  and  Placing  Concrete. — This  includes  all  track,  trestle  and  runway 
building,  moving,  and  wrecking  same.  Track  24-in.  gage,  16-ft.  sections. 
Kunways  10  ft.  X  16  ft.  of  2-in.  material.  Inverted  Arches:  856  cu.  yds.  of 
concrete  mixed  and  placed  at  average  cost  of  $1.21  per  cu.  yd.  Foundation 
Walls:  445  cu.  yds.  concrete,  average  cost  of  $1.42  i)er  cu.  yd.  Columns  and 
Groined  Arches:  1,423  cu.  yds.  of  concrete,  average  cost  of  47  cts.  per  cu.  yd. 
Filter  Boxes:  1,312  cu.  yds.  of  concrete,  average  cost  of  $1.47  per  cu.  yd. 
Sewer  and  Lateral  Gutters:  30  cu.  yds.  of  concrete  in  the  sewer  cost  on  an 
average  $1.39  per  cu.  yd.  55  cu.  yds.  of  concrete  in  the  lateral  gutters  cost  an 
average  of  $2.39  per  cu.  yd. 

Making  and  Setting  Forms. — ^Areas  given  below  are  for  contact  with  con- 
crete. Costs  given  include  all  necessary  supports,  braces,  scaffolds,  ete.  IS" 
verted  Groined  Arches:  6,110  sq.  ft.  of  forms  at  average  cost  of  3.7  cts.  per 
sq.  ft.  Foundation  Walls:  26,793  sq.  ft.  of  forms  at  average  cost  of  4.2  eta.  per 
sq.  ft.  Column  Forms :  4,628  sq.  ft.  of  column  forms  at  average  cost  of  3 ^  cts. 
per  sq.  ft.  30  clamps  were  made  and  placed  at  an  average  cost  of  $1.19  eadi. 
and  458  column  collars  were  made  and  set  at  an  average  cost  of  12  cts.  each. 
Groined  and  Barrel  Arches:  40,355  sq.  ft.  of  forms  at  an  average  cost  of  8.6 
cts.  per  sq.  ft.  Groined  Arch  Supports:  The  total  cost  of  the  grained  anfa 
supports  was  $151 .94.  Among  other  items  94  posts  were  set  at  22  cts.  each,  860 
struts  at  2  cts.  each,  and  1 18  intermediate  posts  at  13  cts.  each.  Filter  Boms: 
75, 174  sq.  ft.  of  forms  were  set  at  an  average  cost  of  5.9  cts.  per  sq.  ft.  Lfttonl 
Gutters:  3,328  sq.  ft.  of  forms  were  oiled  at  0.3  cts.  per  sq.  ft.  2,113  sq.  ft.  of 
forms  were  built  and  set  for  7.4  cts.  per  sq.  ft.,  average.  Sewer:  2,449  sq.ft. 
of  sewer  forms  were  built  and  set  at  an  average  cost  of  8.8  cts.  per  sq.  ft. 

Backfill. — 495  cu.  yds.  of  backfill  was  hand-tamped  at  an  average  cost  of 
81  cts.  per  cu.  yd.     This  was  clay  placed  under  all  cast  iron  pipes. 

Bending  Steel. — 7,063  lbs.  of  reinforcing  steel  were  bent  at  an  average  coot  of 
0.63  cts.  per  lb. 

Setting  Steel. — 129,295  lbs.  of  reinforcing  steel  was  set  at  an  average  coat  of 
0.72  ct.  per  lb.  This  steel  was  tied  at  all  intersections  with  No.  16  wire.  Tba 
cost  given  includes  transporting  the  steel  350  ft.  at  approximately  0.1  ct.  par 
lb. 

Transporting  Pipe  and  Specials. — 216.7  tons  of  cast  iron  pipe  and  speoisto 
were  rolled  about  200  ft.  by  hand  at  an  average  cost  of  90.4  cts.  per  ton. 

Setting  Pipe  and  Specials. — 130  tons  of  pipe  and  specials  were  set  At  M 
average  cost  of  $8.25  per  ton.  This  includes  the  erection  of  derricks,  sealloldii 
etc.,  necessary  for  setting  the  material. 

Setting  Pipe  Hangers. — 144  short  pipe  hangers  were  set  at  average  cost  of 
S^  cts.  each.    46  long  pipe  hangers  were  set  at  98H  cts.  each. 

Wrecking  Groined  Arches  and  Conduit  Forms. — 21,586  sq.  ft.  of  tlHM 
forms  were  wrecked  at  an  average  cost  of  1.4  cts.  per  sq.  ft.  This  Indildil 
wrecking  of  scaffolds,  braces,  supports,  etc.,  also  hoisting  out  the  grdned 
form  sections. 

Wrecking  Wall  Forms. — 63,905  sq.  ft.  of  wall  forms  were  wrecked  «$ 
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ayerage  cost  of  1>^  cts.  per  sq.  ft.  This  includes  wrecldiig  bracw,  supports, 
scaffolds,  etc. 

Transporting  Form  Lumber. — 73,290  ft.  B.  M.  were  transported  in  conmion 
dump  wagons,  unsuited  to  purpose,  at  a  cost  of  $4. 14  per  1,000  ft.  B.  M. 

Cutting  Pipes. — Two  men  cut  the  pipe  with  cold  chisels.  16  pieces  of  18-in. 
pipe  were  cut  at  an  average  cost  of  50  cts.  i>er  cut.  3  pieces  of  20-in.  pipe  were 
cut  at  average  cost  of  60  cts.  each.  3  pieces  of  24-in.  pipe  were  cut  at  average 
cost  of  75  cts.  each. 

Setting  I-Beams. — 12.35  tons  of  I-beams  were  set  at  an  average  cost  of 
17  per  ton.  This  includes  the  use  of  derricks,  etc.  48  plates  were  set  under 
the  I-beams  at  an  average  cost  of  82  cts.  each. 

Calking  Joints. — This  includes  yarning,  heating  lead,  pouring,  etc.: 

27  18-in.  joints  were  calked  at  average  cost  of $1. 01 

35  18-in.  joints  were  calked  at  average  cost  of 90  cts. 

90  20-in.  joints  were  calked  at  average  cost  of 1. 12 

15  20-in.  joints  were  calked  at  average  cost  of 1. 00 

10  24-in.  joints  were  calked  at  average  cost  of 1 .  46" 

21  24-in.  joints  were  calked  at  average  cost  of 1 .  19 

Making  Pipe  Hangers. — 120  1-in.  X  18-in.  pipe  hangers  were  made  at  an 
average  cost  of  27  cts.  each.     One  end  of  each  hanger  was  upset  to  1>^  in. 

L.ABOB  COST  DATA  ON  FILTBB8  AND   FILTER  HOUSB  IN    1912 

Earthwork. — ^Excavation:  2,409  cu.  yds.  of  clay  was  excavated  with  pick 
and  shovel  at  average  cost  of  65.2  cts.  per  cu.  yd.  Some  of  this  clay  was 
handled  three  times.  The  cost  includes  a  small  amount  of  sheeting.  Fill: 
6,494  cu.  yds.  of  fill  was  made  at  an  average  cost  of  44>^  cts.  per  cu.  yd .  Sandy 
soil  was  used  and  was  tamped  by  hand  under  pipes.  The  average  haul  of 
material  was  800  ft. 

Making  and  Setting  Forms. — Ridge  Blocks  and  Lateral  Gutters:  60.110  sq. 
ft.  of  these  forms  were  made  and  set  at  average  cost  of  1.7  cts.  per  sq.  ft. 
These  were  collapsible  forms  bolted  together.  Cost  includes  oiling  and  clean- 
ing after  collapsing.  Beams  and  Columns:  23.893  sq.  ft.  of  these  forms  were 
built  and  set  at  average  cost  of  9.7  cts.  per  sq.  ft.  This  includes  clamping 
column  and  beveling  all  beams.  Cost  includes  all  supports,  etc.  Roof  and 
Floor  Slabs:  24,539  sq.  ft.  of  these  forms  were  set  at  an  average  cost  of  7.1  cts. 
per  sq.  ft.  These  areas  indicate  only  surface  of  form  in  contact  with  concrete. 
This  cost  includes  all  bracing,  supports  and  wiring. 

Wrecking  Forms. — 102,  747  sq.  ft.  of  forms  were  wrecked  at  an  average  cost 
erf  1 .2  cts.  per  sq.  ft.     This  includes  wrecking  bracing  and  supports. 

Reinforcing  Steel. — Transporting:  86,481  lbs.  of  reinforcing  steel  was 
transported  an  average  distance  of  350  ft.'  at  0.2  ct.  per  lb.  Bending:  23,481 
Ibe.  of  steel  were  bent  at  an  average  cost  of  0.4  ct.  per  lb.  Setting:  12,992  lbs. 
of  rmnforcing  steel  were  set  at  an  average  cost  of  0.4  ct.  per  lb.  This  includes 
wiring  with  No.  16  annealed  wire  at  all  intersections. 

Electrical  Work. — 3,369  lin.  ft.  of  }i  to  1-in.  conduit  was  placed  at  a  cost  of 
5.9  cts.  per  ft.  13,110  ft.  of  insullated  wire  was  placed  at  0.7  ct.  per  ft.  11 
switch  boxes  were  set  at  25  cts.  each.  10  arc  lights  were  set  at  $1.50  each, 
tod  8  arc  lights  were  set  at  $1 .00  each. 

Concreting. — Lateral  Gutters:  86  cu.  yds.  of  concrete  were  placed  at 
tT«nige  cost  of  $6.10  per  cu.  yd.  This  includes  firing  of  salamanders  in  each 
filter  box  for  72  hours  continuously.  Floors.  Roof,  etc. :  608  cu.  yds.  of  con- 
o«le  were  placed  at  average  cost  of  $1.50  per  cu.  yd.    Ridge  Blocks:  325  cu. 
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yds.  of  concrete  were  placed  at  average  cost  of  $2.86  per  cu.  yd.  This  includes 
placing  dcreen  bolts  and  all  reinforcing  steel  in  each  block. 

Placing  Lateral  Gutter  Weirs. — 5,800  lin.  ft.  of  concrete  were  placed  at  an 
average  cost  of  7.3  cts.  per  ft. 

Ridge  iilocks.— Transporting:  314:52  cu.  yds.  of  ridge  blocks  were  trans- 
ported an  average  distance  of  300  ft.  and  were  hoisted  from  20  to  23  ft.  at  an 
average  cost  of  $1.39  per  cu.  yd.  Setting:  305  cu.  yds.  of  ridge  biocks  were 
set  at  an  average  cost  of  $6.97  per  cu.  yd.  This  includes  all  drilling  for  anchor 
rods,  cutting  and  placing  rods,  grouting  in  rods,  and  chipping  concrete. 

Setting  Strainer  Plates. — 3,736  strainer  plates  were  set  at  an  average  cost  of 
32.8  cts.  each.  This  includes  cementing  up,  bolting,  chipping  concrete  where 
necessary,  etc.,  complete. 

Laying  Screen. — 15,292  sq.  ft.  of  screen  was  placed  at  an  average  cost  of 
6.2  cts.  per  sq.  ft.  This  includes  sewing  with  No.  20  wire,  placing  washers  and 
bolting  down. 

Gravel. — Screening:  368.85  cu.  yds.  of  gravel  was  screened  at  an  average 
cost  of  $4.02  per  cu.  yd.  Hauling:  265  cu.  yds.  of  gravel  was  hauled  at  an 
average  cost  of  $1.04  per  cu.  yd.  Placing:  242  cu.  yds.  of  gravel  were  placed 
at  an  average  cost  of  $3.62  per  cu.  yd.  This  includes  placing  in  wheelbarrows, 
hoisting  20  to  23  ft.  and  wheeling  to  place. 

Filter  Sand. — Hauling:  948  cu.  yds.  of  filter  sand  was  hauled  1>^  miles  at  an 
average  cost  of  67  cts.  per  cu.  yd.  This  includes  loading  from  cars  and  wagons. 
Placing:  563  cu.  yds.  of  sand  was  placed  at  an  average  cost  of  54K  cts.  per 
cu.  yd. 

Laying  Brick. — 221,700  brick  were  laid  at  an  average  cost  of  $12.50  per 
1,000.  This  includes  cost  of  mixing  and  coloring  mortar,  and  all  scaffold 
work. 

Setting  Terra  Cotta. — 14  terra  cotta  sills  were  set  at  an  average  cost  of 
$2. 14  each.  Five  were  set  at  $1.20  each.  377  lin.  ft.  of  terra  cotta  was  set  at 
an  average  cost  of  14  cts.  per  ft. 

Roofing. — S2^i  squares  of  roofing  were  placed  at  an  average  cost  of  $3J»4 
I)er  100  ft.  square.    This  includes  placing  tarred  felt  and  shingles. 

Setting  Window  Sashes  and  Frames. — 171  frames  and  sashes  were  set  at  an 
average  cost  of  73  cts.  each.     This  includes  setting  the  necessary  hardware. 

Transporting  Pipe,  Valves,  Specials  and  Machinery.— 418  tons  were  trans- 
ported through  distances  ranging  from  150  ft.  to  350  ft.  at  an  average  cost 
of  $  1 .56  per  ton.  This  includes  loading,  hauling,  unloading,  picking  loose  from 
frozen  ground,  etc. 

Setting  Pipe  and  Specials. — 176  tons  were  set  at  an  average  cost  of  $2.00  per 
ton.     This  includes  scaffolds,  derricks,  belting,  etc. 

Pipe  Hangers  and  Supports — 


Making: 
No.  of  hangers  Size  of  hangers  per   * 


31  ^in.  X  7  ft $1.24 

7  H  in.  X  29  ft 2.28 

12  K  in.  X  23  ft.  3  ins 2.  W 

31  ^g  in.  X  18  ft.  6  ins 1.38 

17  ^i  in.  X  6  ft.  4  ins 1.28 

12  ^Jin.  X6ft 0.87 

18  IK  ins.  X  18  ins 0.81 

11  IK  ins.  X  7  ft.  9  ins 0.88 
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Pladne: 

Av.  cost 
No.  of  hangers  Size  of  hangers  per  hanger 


24  K  in.  X  7  ft $0.  59 

31  ^  in.  X  18  ft.  6  ins 0.  75 

14  H  in-  X  21  ft.  6  ins 1.17 


*                      ^  in.  A  isx  II.  o  ins 1.1/ 

3                    K  in.  X  6  ft.  4  ins 0. 75 

24                    ^Jin.  X6ft 1.20 

18                   l>i  ins.  X  18  ins 0. 50 

11  IK  ins.  X  7  ft.  9  ins 0.14 

Setting  Hydraulic  Gates: 

Sise,  No.  Av.  cost 

ins.  gates  setting 

12            14          $1.56 

20          12          5. 30 

30            1          8. 25 

24                    12          1.56 

These  costs  include  scaffolds,  derricks,  gaskets,  etc. 

Making  Bolts: 

Diam.,  No.  Cost  per 

ins.  bolts  bolt 

H         147         1.7  eta. 

J4         *  553         8. 3  cts. 

1            688         9. 6  cts. 

H          106          8. 4  cts. 

H          50          3. 4  cts. 


Ladder  Rungs. — 42  ^i-in.  ladder  rungs  were  made  at  an  average  cost  of 
33  cts.  each.  Sixty-four  rungs  were  set  at  an  average  cost,  including  grouting, 
of  18  cts.  each. 

Transporting  Lumber. — 141,676  ft.  B.  M.  of  lumber  was  carried  about  250 
ft.  at  an  average  cost  of  $2.32  per  1 ,000  f  t.  B .  M . 

Cleaning  Walls. — 20,070  sq.  ft.  of  brick  wail  was  scraped  free  of  cement 
and  mortar  and  washed  with  a  dilute  solution  of  hydrochloric  acid  at  an 
average  cost  of  2.1  cts.  per  sq.  ft. 

Drilling  Holes  in  Concrete. — The  following  data  shows  the  cost  of  drilling 
holes  in  concrete  by  hand: 

Size  of  No.  of  Av.  cost 

holes,   ins.  holes  per  hole 

1^X9       3 $1.48 

1KX6       25          0.14 

1>^X8       8          0.63 

1HX9       10          0.24 

1^X9       18          0.15 

1      X4    J 30          0.09 

%X2M   761          0.07 

Painting. — 27,500  sq.  ft.  of  painting  was  done,  one  coat,  at  an  average  cost 
of  1  ct.  per  sq.  ft. 

Setting  Small  Pipe. — The  following  data  relates  to  steam  and  vacuum  pipe: 
850  ft.  of  IJ-^-in.  and  2-in.  pipe  was  set  at  an  average  cost  of  19  cts.  per  ft. 

Setting  Gate  Stands. — Two  stands  for  36-in.  X  48-in.  sluice  gates  were  set 
at  an  average  cost  of  $2.87  each. 

Hacing  Window  Operating  Device. — 391  ft.  of  window  operating  rods  were 
placed  at  an  average  cost  of  28  cts.  i)er  ft.  This  includes  setting  all  gears, 
brackets,  chains,  etc.,  complete. 

Finish  Coat  on  Roof. — A  1:2  cement  coat  from  K  to  ^i-in.  thick  was  placed 
on  the  cinder  concrete  roof.  9,736  sq.  ft.  were  placed  at  average  cost  of  3.7 
cts.  per  sq.  ft. 


472  HANDBOOK  OF  CONSTRUCTION  COST 


LABOR  COST  DATA  ON  HEAD  HOUSE  IN  1911 

Excavation. — 2,304  cu.  yds.  of  material  were  excavated  at  an  average  unit 
cost  of  60H  cts.  Of  this  amount,  350  cu.  yds.  were  hauled  760  ft.  in  dump 
wagons  and  900  cu.  yds.  were  of  soft  and  sticky  material  excavated  by  hand 
tools. 

Backfill. — 125  cu.  yds.  of  material  were  backfilled,  at  an  average  unit  cost  of 
63  cts.  per  cu.  yd.     This  material  was  tamped  by  hand. 

Building  Forms. — The  following  cost  data  on  form  building  are  stated  in 
cents  per  sq.  ft.  The  area  considered  is  that  portion  which  is  exposed  to  the 
concrete  only.  The  cost  includes  all  bracing,  supports,  scaffolds,  etc., 
complete. 

Wall  Forms. — 41,620  sq.  ft.  of  wall  forms  were  built  at  an  average  imit  cost 
of  6.9  cts.  per  sq.  ft. 

Beam  and  Column  Forms. — 29,039  sq.  ft.  of  beam  and  column  forms  were 
built  at  an  average  cost  of  3.9  cts.  per  sq.  ft. 

Stair  Forms. — 1,687  sq.  ft.  of  stair  forms  were  built  at  an  average  cost  of 
13.9  cts.  per  sq.  ft. 

Floor  Forms. — 7,629  sq.  ft.  of  floor  forms  were  built  at  an  average  cost  of 
6.9  cts.  per  sq.  ft. 

Wrecking  Forms. — The  area  of  forms  wrecked  is  stated  in  terms  of  square 
feet,  exposed  to  concrete  only.  The  cost  includes  the  removal  of  all  bracing, 
supports,  etc. 

Wrecking  Wall  Forms. — 34,  972  sq.  ft.  of  wall  forms  were  wrecked  at  an 
average  unit  cost  of  0.86  ct.  per  sq.  ft. 

Wrecking  Beam  Column  and  Stringer  Forms. — 24,460  sq.  ft.  of  these  fonns 
were  wrecked  at  an  average  unit  cost  of  0.45  ct.  per  sq.  ft. 

Wrecking  Floor  Forms. — 8,150  sq.  ft.  of  floor  forms  were  wrecked  at  an 
average  unit  cost  of  0.81  ct.  per  sq.  ft. 

Transporting  Lumber. — 10,400  ft.  B.  M.  of  lumber  was  transported  at  aa 
average  unit  cost  of  $3.72  per  1.000  ft.  B.  M.  For  this  purpose  ordlnaiy 
dump  wagons  were  used,  and  were  not  well  suited  to  the  purpose.  The  haul 
ranged  from  300  to  500  ft. 

Cleaning  Lumber. — 33,086  ft.  B.  M.  of  liunber  was  cleaned  at  an  averace 
unit  cost  of  $6.38  per  1,000  ft.  This  includes  cleaning  ofiF  concrete  and  pulling 
out  old  nails. 

Building  Beam  Supports. — 663  sq.  ft.  of  beam  supports  were  built  at  an 
average  unit  cost  of  14.6  cts.  per  sq.  ft. 

Bending  Steel  and  Making  Steel  Column  Reinforcement. — 66,753  lbs.  of 
steel  were  handled  for  this  purpose  at  an  average  unit  cost  of  $6.08  per  1,000 
lbs.  This  includes  the  wiring  together  of  the  coliunn  reinforcement  with  No. 
16  gage  wire. 

Setting  Steel. — 120,412  lbs.  of  steel  were  set  at  an  average  unit  cost  at 
$7.44  per  1,000  lbs.  This  includes  wiring  with  No.  16  gage  wire  at  all  inter- 
sections of  reinforcing  material. 

Concreting  Floors,  Columns  and  Bins. — 1,575  cu.  yds.  of  ccmcrete  mm 
placed  at  an  average  unit  cost  of  $1.43  per  cu.  yd.  This  includes  the  cost  of 
raising  elevator,  etc. 

Concreting  Walls. — 531  cu.  yds.  of  concrete  were  placed  at  an  average  oost 
of  $1 .29  per  cu.  yd.    This  inicudes  raising  the  elevator,  etc. 

Finishing  Floors. — 5,734  sq.  ft.  of  floor  were  finished  at  an  average  unit  cost 
of  1.45  cts.  per  sq.  ft. 
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Preparatory  Work  for  Concreting. — 426  lin.  ft.  of  track  and  trestle  were 
erected  at  an  average  unit  cost  of  13.5  cts.  per  ft. 

Setting  Sluice  Gates. — Four  36  X  48-in.  sluice  gates  were  set  at  an  average 
cost  of  $21.45  per  gate.    One  42-in.  sluice  gate  was  set  at  a  cost  of  $13.15. 

Placing  Cast  Iron  Pipe  and  Specials. — 6.2  tons  of  42-in.  cast  iron  pipe  and 
specials  were  placed  at  an  average  unit  cost  of  $6.91  per  ton.  This  includes  a 
haul  of  200  ft. 

3.15  tons  of  12  and  42-in.  cast  iron  pipe  and  specials  were  placed  at  an 
average  unit  cost  of  $9.54  per  ton.  One  ton  of  12-in.  pipe  was  placed  at  a  cost 
of  $2.     The  foregoing  figures  include  the  erection  of  derricks,  scaffolds,  etc. 

Calking  Joints. — Two  joints  in  the  42-in.  pipe  lines  were  calked  at  an  average 
cost  of  $2  per  joint.    This  includes  yarning,  heating  lead,  etc. 

Electrical  Conduit. — 500  ft.  of  1-in.  electrical  conduit  were  placed  at  an 
average  cost  of  3.1  cts.  per  ft.;  100  ft.  of  13^ -in.  electrical  conduit  were  placed 
at  an  average  cost  of  2>^  cts.  per  ft. ;  450  ft.  of  1  to  2-in.  electric  conduit  were 
placed  at  an  average  cost  of  5  cts.  per  ft.  These  figures  include  transporting 
the  conduit  materials. 

Manholes. — Three  24-in.  manholes  were  placed  on  the  hypo  tanks  at  an 
average  cost  of  $1.69  each. 

Making  Column  Clamps,  Blocks  and  Wedges. — 75  column  clamps  were 
made  at  an  average  cost  of  30  cts.  each. 

150  blocks  and  wedges  were  made  at  1.6  cts.  each. 

Pipe  Supports  and  Hangers,  etc. — 20  1-in.  by  5-in.  by  15-in.  pipe  supports 
and  hangers  were  placed  at  an  average  cost  of  42  cts.  each. 

60  trolley  hangers  were  placed  at  an  average  cost  of  20  cts.  each.  These 
figures  include  grouting  in. 
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Making  Fill. — 2,020  cu.  yds.  of  fill  were  made  at  an  average  unit  cost  of 
48.7  cts.  per  cu.  yd.     This  includes  an  average  haul  of  1,500  ft. 

Building  Forms. — Wall  and  Foundation  Forms. — 24,  965  sq.  ft.  of  wall  and 
foundation  forms  were  built  at  an  average  unit  cost'of  5}i  cts.  per  sq.  ft. 
This  includes  only  the  surface  in  contact  with  concrete.  Cost  of  erecting 
scaffolding  and  bracing  is  included. 

Floor  and  Roof  Forms. — 20,  433  sq.  ft.  of  floor  and  roof  forms  were  built 
at  an  average  unit  cost  of  8.7  cts.  per  sq.  ft. 

Building  Tank  Forms. — 1,335  sq.  ft.  of  tank  forms  were  built  at  an  average 
unit  cost  of  8.4  cts.  per  sq.  ft. 

Wrecking  Forms. — 46,294  sq.  ft.  of  forms  were  wrecked  at  an  average  cost 
of  2. 1  cts.  per  sq.  ft.     This  includes  wrecking  scaffolds  and  bracing. 

Transporting  Lumber. — 21,996  ft.  B.  M.  of  lumber  was  transported  an 
average  distance  of  300  ft.  at  an  average  unit  cost  of  $5.60  per  1,000  ft.  B.  M. 

Cleaning  Lumber. — 6,000  ft.  B.  M.  lumber  was  cleaned  at  an  average  unit 
cost  of  $8.80  per  1,000  ft.  B.  M.  This  included  pulling  out  old  nails  and 
scraping  off  concrete  which  adhered  to  boards. 

Reinforcing  Steel — Bending. — 5,369  lbs.  of  reinforcing  steel  were  bent  at  an 
average  cost  of  $3.26  per  1,000  lbs. ;  34,540  were  transported  at  $1.84  per  1,000 
lbs.;  35.868  lbs.  were  set  at  $6.07  per  1,000  lbs.  This  includes  the  cost  of 
wiring  with  No.  16  gauge  wire  at  every  intersection  of  reinforcing  rods. 

Structural  Steel— Transporting.— 21.09  tons  of  structural  steel  were 
tcansported  a  distance  of  lf600  ft.  at  an  average  unit  cost  of  $9.35  per  ton. 
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Setting. — 21.86  tons  of  Rtructural  steel  were  set  at  an  average  unit  cost  of 
$12  per  ton.    This  includes  all  wall  plates,  bolts  and  rivets. 

Concrete — Roof  and  Thin  Walls. — 431  cu.  yds.  of  concrete  were  placed  in 
the  roof  and  thin  walls  at  an  average  unit  cost  of  $2.08  per  cu.  yd. 

Foundation  and  Heavy  Walls. — 148.35  cu.  yds:  of  concrete  were  placed  in 
foundation  and  heavy  walls  at  an  average  unit  cost  of  $1.27  per  cu.  yd.  The 
forgoing  costs  on  concreting  include  the  erection  of  runways,  scaffolds,  etc. 

Finishing  Floors,  Roofs,  etc. — 17,158  sq.  ft.  were  finished  at  an  average 
unit  cost  of  4  cts.  per  sq.  ft.  This  is  for  placing  a  1 :2  cement  plaster  from  >i 
in.'  to  Ijri  ins.  thick. 

Placing  Expanded  Metal  Lath  and  Rib-Truss  for  Ceiling  and  Partitions. — 
7.568  sq.  ft.  of  this  material  were  placed  at  an  average  unit  cost  of  8.3  cts.  per 
sq.  ft.     This  includes  all  iron  studs  and  part  of  the  ceiling  supports,  etc. 

Plastering. — 31,711  sq.  ft.  of  plastering  were  figured  as  a  single  coat  and  the 
average  unit  cost  was  3.13  cts.  per  sq.  ft. 

Laying  Brick. — 158,800  brick  were  laid  at  an  average  unit  cost  of  $14.60  per 
M.  This  includes  all  scaffolding.  The  brick  was  laid  in  Flemish  bond. 
Three  kinds  of  mortar  were  used. 

Washing  Walls. — 8,800  sq.  ft.  of  walls  were  washed  at  an  average  unit  cost 
of  2.3  cts.  per  sq.  ft.  A  dilute  solution  of  hydrochloric  acid  was  used  for  this 
purpose.  The  cost  given  includes  the  cost  of  erecting  and  removing  the  neces- 
sary scaffolding. 

Windows  and  Doors. — 18  window  sills  were  set  in  the  brick  work  after  it 
was  finished  at  an  average  unit  cost  of  $3.26  each. 

Copper  Work. — Valley,  Deck  and  Flashing. — 4,044  sq.  ft.  of  valley  and  deck 
copper  work  were  placed  at  an  average  unit  cost  of  2.7  cts.  per  sq.  ft. ;  1,323  Un. 
ft.  of  flashing  were  laid  at  an  average  unit  cost  of  7.2  cts.  per  ft.,- 1,152  ft.  of 
flashing  were  soldered  only  at  a  cost  of  3.3  cts.  per  ft. 

Ridge  Roll,  etc. — 1,483  lin.  ft.  were  placed  at  an  average  unit  cost  of  7  cts. 
per  ft.    In  the  copper  work  all  the  copper  was  cut  and  formed  on  the  job. 

Roofing. — 80.75  squares  of  roofing  were  placed  at  an  average  cost  of  $4.24 
per  square.  This  roofing  consisted  of  asbestos  shingles  each.  16  X  16  ins., 
placed  on  a  1 :2 :4  ciiitier  concrete  roof  with  a  layer  of  tarred  felt  between. 

Electric  Work — Conduit,  ^^-in.  to  2-in. — 2,435  lin.  ft.  of  conduit  were 
placed  at  an  average  unit  cost  of  5  cts.  per  ft.  This  includes  the  placing  of  all 
fittings. 

Wiring. — 13,190  lin.  ft.  of  electric  wiring  were  placed  at  an  average  unit  cost 
of  1.1  cts.  per  ft.    All  the  wires  were  well  covered. 

Cast  Iron  Pipe  and  Specials — Transporting. — 102.67  tons  of  cast  Irqn'pipe 
and  specials  were  transported  at  an  average  unit  cost  of  $2.87  per  ton. 

Setting — 61.94  tons  of  cast  iron  pipe  and  specials  were  set  at  an  average 
unit  cost  of  $3.50  per  ton.  The  foregoing  costs  include  the  transporting  and 
setting  of  scaffolds,  derricks  and  all  other  necessary  equipment. 

Calking  Joints. — Seven  42-in.  joints  were  calked  at  an  average  cost  of 
$1.91  each. 

24  6-in.  joints  were  calked  at  an  average  cost  of  49  cts.  each. 

31  4-in.  joints  were  calked  at  an  average  cost  of  56  cts.  each.  Figures  for 
calking  include  yarning,  pouring,  melting  lead,  erection  of  scaffolds,  etc. 

Setting  Radiators. — 6,942  sq.  ft.  of  radiators  were  set  at  an  average  unit 
cost  of  3.1  cts  per  sq.  ft. 

2-in.  Lead  Pipe. — 233  wiped  joints  were  made  at  an  average  cost  of  60  cts. 
each.    This  includes  heating,  soldering,  etc. 
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ting. — li019  lin.  ft.  of  2-in.  lead  pipe  were  set  at  an  average  unit  cost  of 
.  per  ft.  All  this  pipe  weighed  7^i  lbs.  per  ft.  The  cost  given  indudes 
htening  pipe  and  placing  all  valves  and  fittings. 

all  Pipe  and  Fittings. — The  following  costs  relate  to  the  small  pipe  and 
1^  which  were  installed  in  the  heating,  plumbing  and  vacumn  cleaner 
ns.  All  valves  and  fittings,  etc.,  were  figured  as  straight  pipe.  The 
include  all  cutting,  threading,  transporting,  etc.  The  cost  of  the  neces- 
(caffolding  is  also  included.  All  the  work  was  done  by  hand,  and  some 
vas  very  difficult. 

J  of  Amount        Aver,   coet 

ins.  placed,  ft.     per  ft.,  eta. 

>H     127  9.2 

1,147  6.7 

1,804  12.4 

1,351  13.1 

509  16.6 

1,657  24.4 

1,251  25.7 

552  35.9 

587  43. 4 

209  37.7 

422  50.4 

132  59. 4 

58  40. 0 

39  49. 0 

Pipe. — The  soil  pipe  was  all  placed  by  plumbers,  working  most  of  the 
ipon  scaffolds.  Everything  connected  with  the  installation  of  the  soil 
s  included  in  the  following  costs;  122  ft.  of  2-in.  soil  pipe  were  placed 
average  unit  cost  of  16.9  cts.  per  ft.;  87  ft.  of  3-in.  pipe  at  22.5  cts. 

and  307  ft.  of  4-in.  soil  pipe  at  53.0  cts.  per  ft. 

king  Pipe  Hangers. — A  total  of  532  pipe  hangers  were  made  at  an 
;e  cost  of  29  cts.  each.  These  hangers  were  made  of  round  iron,  and  the 
icludes  upsetting,  threading,  etc.  The  H  X  16-in.  hangers  were  most 
Jive  at  65  cts.  each,  and  the  H  X  50-in.  hangers  cost  for  labor  only  8  cts. 

ing  Hangers. — 445  hangers  were  set  at  an  average  cost  of  44 ^  cts. 

This  includes  drilling,  etc. 
Qsporting  Castings,  Machinery,  etc. — 52  tons  of  these  materials  were 
orted  a  distance  ranging  from  50  to  500  ft.  at  an  average  unit  cost  of 
per  ton.     This  includes  all  necessary  loading  and  unloading, 
dng  Miscellaneous  Castings. — 5,600  lbs.  of  miscellaneous  castings  were 

at  an  average  cost  of  1  ct.  per  pound.  This  includes  necessary  derricks, 
ds,  etc. 

iting.— 42,176  sq.  ft.  of  painting  was  done,  figured  as  a  single  coat  at  1.2 
ir  sq.  ft. 

id  Rails. — 360  Un.  ft.  of  hand  rails  were  placed  at  29.1  cts.  per  ft.  in- 
^  all  fittings. 

1  Ladders. — These  ladders  are  about  6  ft.  long  and  are  of  ^  X  3-in. 
nd  94-in.  round  rungs.  Four  of  these  were  made  at  $3.71  each,  and 
'ere  set  at  44  cts.  each. 

ing  Laboratory  Tables. — 16  laboratory  tables,  each  of  oak  38  ins.  high 
\  ins.  wide;  with  tops  3  ins.  thick,  were  set  at  an  at^erage  cost  of  $3.65 

ftvation. — 126  cu.  yds.  of  red  clay  were  excavated  at  an  average  cost  of 
.  per  cu.  yd. 
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Calked  Soil  Pipe  Joints. — Following  are  costs  of  calking  Joints  in  2,  8  and 
4-in.  soil  pipe,  as  made  by  plumbers: 

Size,  Av.  cost  per 

ins.  joint,  ota. 

2         42 

3         48 

4         48 

Plumbing  Fixtures. — A  sum  of  $60  was  spent  for  setting  23  plumbing 
fixtures,  such  as  wash  basins,  urinals,  showers,  sinks,  water  closets  and  towel 
racks. 

Setting  Small  Gates. — 66  small  gate  valves,  ranging  in  diameter  from  3  \db. 
to  10  ins.  were  set  at  an  average  cost  of  64  cts.  per  gate.  This  includes 
all  gaskets,  bolting  up  and  fitting. 

Making  Bolts. — 605  bolts  were  made  at  an  average  cost  of  7  cts.  each. 
These  bolts  were  from  ^i  to  l^i  ins.  in  diameter.  The  greatest  length  was 
15  ins.  The  cost  given  includes  cutting  steel,  welding  on  heads,  threading  of 
bolts  and  nuts,  complete. 
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Excavation. — 605  cu.  yds.  of  material  were  excavated  in  trench  by  pick  and 
shovel  at  an  average  unit  cost  of  60.3  cts.  per  cu.  yd. 

Backfill. — 350  cu.  yds.  were  backfilled  and  hard  tamped  under  60-in.  pipe 
at  an  average  unit  cost  of  70  cts.  per  cu.  yd. 

375  cu.  yds.  were  backfilled  at  55  cts. 

Setting  Forms. — 2,025  sq.  ft.  of  forms  were  set  at  an  average  unit  cost  d 
5.8  cts.  per  sq.  ft.  The  area  given  is  that  exposed  to  concrete  only.  The  cost 
given  includes  all  bracing. 

Setting  Screeds. — 7.433  lin.  ft.  of  screeds  were  set  at  an  average  unit  cost  of 
1.5  cts.  per  ft. 

Making  Forms. — 610  sq.  ft.  of  forms  were  made  at  an  average  unit  cost  of 
5.8  cts.  per  sq.  ft.  The  area  given  is  that  exposed  to  concrete  only.  AH 
bracing  is  included.    These  forms  were  used  about  seven  times. 

Setting  Steel. — 38,333  lbs.  of  steel  were  set  at  an  average  unit  cost  of  $4.25 
per  1,000  lbs.    This  figure  includes  the  hauling  of  the  steel. 

Placing  Concrete. — 1,087  cu.  yds.  of  concrete  were  placed  at  an  average  unit 
cost  of  $1.16  per  cu.  yd.  This  includes  the  setting  of  expansion  plates,  and 
giving  to  the  concrete  a  fioat  finish. 

Laying  Cast  Iron  Pipe  and  Specials. — 25.72  tons  of  cast  iron  pipe  and 
specials  were  laid  at  an  average  cost  of  $9.65  per  ton.  Of  this  amount,  10.0 
tons  was  12-in.  pipe  and  the  balance  60-in.  pipe.  The  cost  of  making  one  cut 
on  60-in.  pipe  is  included. 

Setting  60-in.  Gate  Valve. — A  60-in.  gate  valve  weighing  6  tons  was  set  al  a 
lump  sum  of  $188.50  . 

BuUding  Manholes. — 2.6  M.  of  brick  were  placed  in  manholes  at  an  average 
cost  of  $7.10  per  M.  The  manholes  were  round,  and  the  cost  given  Indudes 
the  placing  of  9  ladder  rungs. 

Driving  Sheeting. — 300  sq.  ft.  of  sheeting  were  driven  at  an  average  unit  cost 
of  2.7  cts.  per  sq.  ft.    This  sheeting  was  2  X  10-in.  stuff. 

LABOR  COST  DATA  ON   COAQULATION  BASIN  IN   1912 

Excavation. — 883^^  cu.  yds.  of  red  clay  were  excavated  by  pick  and  shoviri 
in  trench  at  an  average  unit  cost  of  84  cts.  per  cu.  yd.;  this  includes  all 
sary  sheeting. 
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Fill. — 14,580  cu.  yds.  of  fill  were  made  at  an  avera^  unit  cost  of  48.8  cts. 
The  fill  was  not  rolled.  A  24-in.  puddle  wall  was  hand-tamped  in  layers 
anging  in  thickness  from  ^i  to  2  Ins.,  and  the  cost  is  averaged  in  the  fore- 
oing.     The  cost  of  puddling  was  54  cts.  per  cu.  yd. 

Building  Forms — Heavy  Walls. — 50,578  sq.  ft.  of  forms  were  built  at 
n  average  cost  of  7.1  cts.  per  sq.  ft.  The  area  exposed  to  concrete  only 
)  figured  on  all  form  work.  The  cost  includes  all  scaffolds,  braces,  supports, 
tc. 

Thin  Wall  Forms. — 28,566  sq.  ft.  of  forms  were  built  at  an  average  cost  of 
2.8  cts.  per  sq.  ft. 

Floor  Column  and  Beam  Forms. — 45,240  sq.  ft.  of  beam  forms  were  built  at 
n  average  unit  cost  of  9.7  cts.  per  sq.  ft. 

Wrecking  Forms. — 121,702  sq.  ft.  of  forms  were  wrecked  at  an  average 
nit  cost  of  1^  cts.  per  sq.  ft. 

Transporting  Lumber. — 164,563  ft.  B.  M.  of  lumber  was  transported  at  an 
verage  unit  cost  of  $3.52  per  1,000  ft.  B.  M.  The  average  haul  was  1,000 
i.     A  common  dump  wagon  was  used  and  was  not  well  suited  to  the  purpose. 

Reinforcing  Steel — Transporting. — 192,029  lbs.  of  steel  were  transported 
in  average  distance  of  1,500  ft.  at  an  average  unit  cost  of  80  cts.  per  1,000  lbs. 

Bending. — 106,787  lbs.  of  steel  were  bent  at  an  average  unit  cost  of  $1.15 
er  1,000  lbs. 

Setting. — 234,295  lbs.  of  reinforcing  steel  were  set  at  an  average  unit  cost 
f  $4.25  per  1,000  lbs.  This  includes  wiring  together  of  all  steel  at  intersec- 
ions  with  No.  16  gage  wire. 

Structural  Steel — Transporting. — 9.61  tons  were  transported  an  average 
istance  of  1,500  ft.  in  common  dump  wagons  at  an  average  cost  unit  cost  of 
8  cts.  per  ton. 

Setting. — 9.61  tons  were  set  at  an  average  unit  cost  $12.13  per  ton.  This 
icludes  all  hoisting,  bolting  up,  riveting  wall  plates,  etc. 

Concreting — Heavy  Walls. — 1,198  cu.  yds.  of  concrete  were  placed  at  an 
verage  unit  cost  of  $1.11  per  cu.  yd.  This  does  not  include  the  necessary 
rack  trestle  and  runways. 

Concrete  Floors,  Roof  and  Thin  Walls. — 1,413.5  cu.  yds.  of  concrete  were 
laced  at  an  average  unit  cost  of  97  cts.  per  cu.  yd. 

Track  and  Trestle. — 1,711  lin.  ft.  of  track  and  trestle  were  placed  at  an 
verage  unit  cost  of  7.6  cts.  per  ft.  All  this  work  was  24-in.  gage  in  16-ft. 
actions.     The  runways  were  5  X  16  ft.,  of  7-in.  material. 

Finishing  Roof  and  Floors. — 5,818  sq.  ft.  of  1:2  cement  finishing  coat  rang- 
ig  in  thickness  from  ^  to  l\^  ins.  were  placed  at  an  average  cost  of  6.1  cts. 
er  sq.ft. 

Transporting — Castings,  etc. — 141  tons  of  castings  were  transported  a 
istance  averaging  500  ft.  at  an  average  unit  cost  of  $2.22  per  ton.  This 
icludes  leading  and  unloading  by  hand. 

Setting  Pipe  and  Specials. — 103  tons  of  pipe  and  specials  were  set  at  an 
verage  cost  of  $3.54  per  ton.  This  includes  the  erection  of  a  derrick  and  all 
lecessary  scaffolds. 

Setting  Gate  Stands. — 21  gate  stands  were  set  at  an  average  cost  of  $3.85 
ach.     This  includes  bolting  down  on  a  bed  of  1 :2  cement  mortar. 

Setting  Stems. — Stems  for  48-in.  gates  were  set  at  an  average  cost  of  $2.50 
lach. 

Setting  Sluice  Gates. — 25  sluice  gates  were  set  at  an  average  cost  of  $6.80 
sach.    These  gates  are  from  42  X  42  ins.  to  48  X  60  ins.     The  cost  given 
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includes  cutting  all  necessary  gaskets,  bolting  up,  hoisting,  derrick,  scaffolds, 
etc. 

Small  Piping. — 1,030  ft.  of  small  piping  ranging  from  ^i  to  3  ins.  in  diameter 
were  placed  at  an  average  cost  of  7^^  cts.  per  lin.  ft.  This  includes  all  cutting, 
threading,  fittings,  valves,  etc.,  complete. 

2-in.  Lead  Pipe. — 1,091  ft.  of  lead  pipe  were  placed  at  an  average  cost  of 
18  cts.  per  ft.  This  includes  straightening  pipe,  putting  in  fittings  and  valves, 
etc.  The  pipe  weighs  7.5  lbs.  per  ft.  96  wiped  Joints  were  made  at  average 
cost  of  60  cts.  per  joint. 

Electric  Wire. — 900  ft.  of  No.  14  insulated  electric  wire  were  placed  at  an 
average  cost  of  0.9  ct.  per  ft. 

Laying  Brick. — 84.5  M  of  brick  were  laid  at  an  average  cost  of  $17.90  per  M. 
This  includes  the  work  done  on  electric  conduit,  window  sills,  all  necessary 
scaffolds,  etc.     The  brick  was  laid  Flemish  bond. 

Setting  Window  Frames. — 92  window  frames  were  set  at  an  average  cost  of 
$1.17  each. 

Washing  Walls. — 5,030  sq.  ft.  of  walls  were  washed  at  an  average  cost  of 
2.  6  cts.  per  sq.  ft.  A  dilute  solution  of  hydrochloric  acid  was  used.  The 
cost  given  includes  all  necessary  scaffolding. 

Painting. — 22,925  sq.  ft.  was  painted  at  an  average  cost  of  1  ct.  per  sq.  ft. 
The  painting  was  figured  as  a  single  coat  only,  and  the  cost  includes  all  neces- 
sary scaffolds. 

Roofing. — 85.5  squares  of  roofing  were  placed  at  an  average  cost  of  $3.30 
per  100  sq.  ft.  The  roofing  consiHted  of  asbestos  shingles  laid  on  1:2:4  cinder 
concrete  with  a  layer  of  tarred  felt  between  the  concrete  and  shingles.  The 
cost  includes  all  necessary  staging. 

Copper  Work. — 235  sq.  ft.  of  copper  work  was  placed  at  10  cts.  per  sq.  ft. 
266  lin.  ft.  of  copper  was  placed  at  12  cts.  per  lin.  ft. 

Bafiles. — 19,852  ft.  B.  M.  of  baffies  were  placed  at  an  average  unit  cost  of 
$4.98  per  1,000  ft.    The  baffles  were  made  of    IX  6-in.  D.  &  M.  fencing. 

Wooden  Gates. — 27  wooden  gates  were  set  at  an  average  cost  of  $2.30 
each.  These  gates  were  all  of  1  X  6-in.M.  &  D.  lumber.  Each  24  X  3d-in. 
with  a  2  X  4-in.  stem.  The  gates  slide  in  gruides.  53  wooden  guides  were 
made  at  an  average  unit  cast  of  0.33  cts.  each. 

Ladder  Rungs — Making. — 156  ladder  rungs  were  made  of  ^•In.  round  steel 
at  an  average  unit  cost  of  1 1  cts.  each. 

Placing. — 131  ladder  rungs  were  placed  at  an  average  unit  cost  of  18.4  cts. 
each,  which  includes  grouting  in. 

Placing  Pipe  Hangers. — 124  pipe  hangers  were  placed  at  an  average  unit 
cost  of  27  cts.  each.     This  includes  grouting  in  when  necessary. 

220  pipe  hangers  of  various  sizes  were  made  at  an  average  cost  of  23.5  ots. 

Making  Bolts. — 1,173  bolts  ranging  in  diameter  from  \i  in.  to  lyi  ins. 
and  in  length  from  V/i  ins.  to  35  ins.  were  made  at  an  average  cost.of  24  cts. 
each.  This  includes  welding  on  heads,  cutting  steel  and  threading  nuts  and 
bolts.  About  one-tliird  of  the  bolts  were  upset  for  6  ins.  of  their  length  to 
60  per  cent  excess  diameter. 

Drilling  Concrete. — 1,569  holes  were  drilled  in  1:2:4  concrete  from  30  to  00 
days  old  at  an  average  cost  of  1 1  cts.  per  hole.  These  holes  ranged  in  diameter 
from  H  ins.  to  1  in.  and  in  depth  from  3  ins.  to  8^i  ins. 

Wood  Conduits. — 840  lin.  ft.  of  6  X  6-in.  wood  conduit  were  placed  at  an 
average  cost  of  38  cts.  per  ft.  This  was  .  a  conduit  of  2-in.  lumber  around  out- 
side of  2-in.  lead  pipe.    It  was  filled  with  sawdust. 
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LABOB  COST  DATA  ON  WASH  WATEB  TANK  IN  1012 

Earth  Work — ^Excavation. — 694  cu.  yds.  of  very  hard  clay  were  excavated 
with  iHck  and  shovel  and  wheeled  in  barrows  at  an  average  unit  cost  of  63.4 
cts.  per  cu.  yd. 

Backfill. — 187  cu.  yds.  of  clay  were  backfilled  at  an  average  unit  cost  of  21.9 
cts.  per  cu.  yd.    This  clay  was  sprinlded  and  tamped  by  hand  in  2-in.  layers. 

Fill. — 6,399  cu.  yds.  of  fill  were  made  at  an  average  cost  of  44^  cts.  per 
cu.  yd.     This  includes  a  haul  of  1,000  ft. 

Puddle'. — 82  cu.  yds.  of  puddle  were  placed  at  an  average  cost  of  $2.79  per 
cu.  yd.  This  material  was  sprinkled  and  tamped  by  hand  in  layers  ranging 
in  thickness  from  1^  to  2  ins. 

Form  Work — Transporting  Limiber. — 11,819  ft.  B.  M.  was  transported 
an  average  distance  of  300  ft.  at  a  cost  of  S3.54  per  1,000  ft.  B.  M. 

Walls  and  Foundation. — 14,271  sq.  ft.  of  forms  were  placed  at  an  average 
cost  of  6.6  cts.  per  sq.  ft.  These  forms  were  made  of  2-in.  lumber.  The  cost 
given  includes  all  bracing.    Only  the  area  exposed  to  concrete  is  given. 

Column,  Beam  and  Floor  Beams. — 10,602  sq.  ft.  of  these  forms  were  built 
at  an  average  cost  of  9  cts.  per  sq.  ft.;  2-in.  lumber  was  used,  and  the  cost 
includes  braces  and  clamps. 

Wrecking. — ^23,991  sq.  ft.  of  forms  were  wrecked  at  an  average  cost  of  1.7 
cts.  per  sq.  ft.  This  is  for  the  area  exposed  to  concrete,  and  includes  the 
removal  of  all  clamps,  braces,  etc. 

Reinforcing  Steel — Hauling. — 57,093  lbs.  were  hauled  an  average  distance 
of  500  ft.  at  an  average  cost  of  85  cts.  per  1,000  lbs. 

Bending. — 34,332  lbs.  of  reinforcing  steel  were  bent  at  an  average  unit  cost 
(rf  $1.40  per  1,000  lbs. 

Setting. — ^57,093  lbs  of  steel  were  set  at  an  average  cost  of  $4.55  per  1,000 
lbs.  This  includes  the  wiring  of  all  interesections  of  reinforcing  rods  with 
No.  16  gage  wire. 

Structural  Steel — Hauling. — 4.74  tons  of  structural  steel  were  hauled  a 
distance  of  800  ft.  at  an  average  cost  of  50  cts.  per  ton. 

Setting. — 4.74  tons  of  structural  steel  were  set  at  an  average  cost  of  $9.32 
per  ton.     This  includes  hoisting,  riveting  and  bolting  up. 

Concreting., — 636  cu.  yds.  of  concrete  were  placed  at  an  average  unit  cost  of 
95  cts.  per  cu.  yd.     This  includes  placing  runways,  hoisting,  etc. 

Finishing.— 4,043  sq.  ft.  of  1:2  cement  finish  coat  were  placed  at  an  average 
cost  of  3^^  cts.  per  sq.  ft. 

Brick. — 71.2  M  of  brick  were  placed  at  an  average  cost  of  $19.40  per  M. 
This  includes  the  erection  of  scaffolds,  hoisting,  etc.  Round  tower  bricks 
were  used  and  were  laid  in  Flemish  bond. 

Washing  Walls? — 21  sq.  ft.  of  walls  were  washed  at  an  average  cost  of  1.2 
cts.  per  sq.  ft.     This  includes  the  necessary  scaffolding. 

Roofing. — 19  squares  of  roofing  were  placed  at  an  average  cost  of  $6.50  per 
square.  This  includes  all  scaffolding,  ^mce  this  was  a  conical  roof,  the 
shingles  at  the  last  were  very  small.  They  were  placed  on  a  1:2:4  cinder 
concrete. 

Painting. — 1,250  sq.  ft.  of  painting  figured  as  a  single  coat  was  done  at  an 
average  cost  of  1^  cts.  per  sq.  ft. 

Cast  Iron  Pipe  and  Specials — Cutting. — Cast  iron  pipe  was  cut  with  cold 
chisels,  two  men  working  on  a  cut.  Three  cuts  were  made  of  12-in.  pipe  at 
28  cts.  each.  Two  cuts  of  12-in.  pipe  were  made  under  water  at  93  cts.  each. 
One  24-in.  i^pe  was  cut  at  70  cts. 
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Calking. — 15  joints  in  12-in.  pipe  were  calked  at  57  cts.  each.  One  24-in. 
joint  was  calked  at  SI. 90.  These  figures  include  yarning,  pouring,  heating 
lead,  etc. 

Lajring. — 8.81  tons  of  cast-iron  pipe  and  specials  were  laid  at  an  average 
cost  of  $2.92  per  ton.  This  includes  erection  of  necessary  derricks  and 
scaffolds,  etc. 

Ladder  Rungs. — 10  ladder  rungs  of  ^4-in.  round  steel  were  made  at  10  cts. 
each  and  set,  including  drilling  holes,  grouting,  etc.,  at  26  cts.  each. 

Cutting  Shingles. — 3,140  shingles  were  cut  to  fit  conical  roof  at  $28.80  per 
1,000. 

COST  DATA   OF  HAULING   MISCELLANEOUS,   ETC.,  IN   1914 

Hauling — Cement. — 24,590  barrels  of  cement  were  hauled  a  distance  of 
1}4  miles  at  an  average  unit  cost  of  lOH  cts.  per  barrel.  70  bags  to  a  load 
were  hauled  over  roads  which  were  very  bad  at  times. 

Sand. — 7,538  cu.  yds.  of  sand  were  hauled  a  distance  ranging  from  300  to 
3,000  ft.  at  an  average  unit  cost  of  46^^  cts.  per  cu.  yd.  IM  cu.  yds.  made  a 
load.    The  cost  given  includes  all  snatch  team  work. 

Steel. — 438  tons  of  steel  were  hauled  a  distance  at  l\i  miles  at  an  average 
unit  cost  of  $1.35  per  mile.  This  cost  includes  loading  and  handling  by  hand. 
Some  of  the  steel  was  in  very  long  sections,  and  all  of  it  was  badly  mixed  in  the 
cars. 

Cast  Iron  Pipe  and  Specials. — 1,195  tons  of  cast  iron  pipe  and  specials  were 
hauled  a  distance  of  1^^  miles  at  an  average  unit  cost  of  $1.34  p^  ton.  All 
pipe  was  unloaded  by  hand,  no  derrick  being  used. 

Miscellaneous  Castings  and  Machinery. — 191  tons  of  miscellaneous  castings 
and  machinery  were  hauled  a  distance  ranging  from  1  ^  to  5  miles,  the  greater 
portion  of  it  being  lyi  miles,  at  an  average  unit  cost  of  $1.67  per  ton.  All  of 
this  material  was  handled  by  hand. 

Lumber  for  Forms. — 239,500  ft.  B.  M.  of  lumber  was  hauled  a  distance 
ranging  from  1.500  to  3,000  ft.  at  an  average  cost  of  $1.61  per  1,000  ft.  B.  M. 
This  material  was  handled  by  hand  and  was  hauled  in  wagons  not  well  suited 
to  the  purpose. 

Edgings  and  Waste  Material. — 93  loads  of  this  class  were  hauled  a  distance 
ranging  from  900  to  1,500  ft.  at  an  average  unit  cost  of  86^^  cts.  per  load. 
All  work  was  done  by  hand,  and  the  material  was  all  in  small  pieces. 

Recovery  of  Lumber. — 30,500  ft.  B.  M.  of  lumber  was  recovered  at  an 
average  unit  cost  of  $1  per  1,000  ft.  B.  M.  This  includes  the  pulling  out  of 
old  nails. 

LABOR    COST  OF  HAULING   AND   MISCELLANEOUS  WORK  IN    1912 

Hauhng. — All  hauling  includes  loading,  unloading,  handling,  etc.  Common 
dump  board  wagons  were  used  in  all  cases. 

Cement. — 8,776  bbls.  of  cement  were  hauled  a  distance  ranging  from  iMo  to 
2^i  miles  at  an  average  cost  of  1 1.6  cts  per  barrel. 

Sand. — 3,137  cu.  yds.  of  sand  were  hauled  a  distance  of  1,200  ft.  at  a& 
average  unit  cost  of  31  cts.  per  cu.  yd.;  49  cu.  yds.  of  sand  were  hauled  a 
distance  of  20,000  ft.  at  an  average  unit  cost  of  $2.15  per  cu.  yd.  The  latter 
sand  was  frozen  to  the  ground  and  had  to  be  picked  loose. 

Cast  Iron  Pipe  and  Specials. — 552  tons  of  cast  iron  pipe  and  spedals 
hauled  a  distance  of  3^4  miles  at  an  average  cost  of  $1 .16  per  ton. 

Miscellaneous  Castings  and  Machinery. — 142  tons  of  misoeUaneoue 
and  machinery  were  hauled  a  distance  ranging  from  l>i  to  4  mUes  at  aD.   . 
average  unit  cost  of  $1.65  per  ton. 
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Lumber. — 82,000  ft.  B.  M.  of  lumber  was  hauled  a  distance  ranging  from 
300  to  600ft.  at  an  av^tige  unit  cost  of  80  cts.  per  1,000ft.  B.  M. 

Waste  Material. — ^2,104  loads  of  waste  material  were  hauled  a  distance  of 
1.200  ft.  at  an  average  cost  of  60  cts.  per  load. 

Recovery  of  Lumber. — 158,900  ft.  B.  M.  of  lumber  was  recovered  at  an 
average  imit  cost  of  $3.73  per  1,000  ft.  B.  M.  This  included  the  pulling  out 
of  nails  and  the  cleaning  olT  of  concrete. 

Costs  of  Concrete  Constmction  in  the  Water  Filtration  Plant  at  Niles, 
Ohio. — The  following  data  are  given  by  R.  A.  Boothe  in  an  article  published 
in  Engineering  and  Contracting,  Oct.  23,  1912. 

Concrete  Mixing. — The  Concrete  plant  consisted  of  a  half-yard  Ransome 
mixer  with  a  batch  hopper.  The  sand  and  gravel  were  shoveled  off 
the  cars  onto  stock  piles  at  a  cost  of  8  cts.  per  ton  and  hauled  from  there  to 
the  mixer  in  barrows,  the  average  haul  being  50  ft.  The  cement  was  unloaded 
directly  from  the  cars  into  the  cement  house  at  a  cost  of  2  cts.  per  bbl.  and 
wheeled  from  there  to  the  mixer. 

The  usual  force  employed  on  the  mixer  was  2  men  wheeling  sand,  4  wheeling 
gravel,  1  wheeling  cement,  1  man  on  the  mixer,  and  an  engineer.  The  engineer 
and  the  man  on  the  mixer  received  25  cts.  per  hour  and  all  others  20  cts.  This 
made  a  total  cost  per  hour  of  $1.20  and  the  usual  capacity  was  9  cu.  yds.  per 
hour,  making  a  cost  of  13  }i  cts.  per  cubic  yard  for  mixing.  The  capacity  has 
been  as  high  as  12  cu.  yds  per  hour,  being  controlled  by  the  rate  at  which  the 
concrete  was  taken  away  from  the  mixer,  so  the  above  costs  cannot  be  taken 
as  the  capacity  of  the  plant  or  the  cheapest  possible  costs. 

Concrete  Floors. — All  of  the  floors  were  in  two  layers,  the  bottom  one  being 
8  ins.  thick  and  the  upper  one  4  ins.  thick,  the  upper  one  being  laid  after  the 
walls  were  up. 

The  bottom  floor  was  laid  in  alternate  strips  8  ft.  wide  and  16  ft.  and  30  ft. 
long,  all  joints  being  broken.  The  lower  floor  for  the  entire  plant  was  laid 
before  any  of  the  walls  were  started,  2  x  6-in.  keys  being  placed  for  all  walls. 
This  floor  was  made  of  a  1:2^^:5  mix,  using  river  sand  and  gravel.  The 
pedestals  for  all  of  the  columns  were  built  with  the  floor. 

For  the  floors  the  concrete  was  dropped  from  the  mixer  down  a  chute  into 
barrows  and  wheeled  into  place. 

Cost  of  labor  on  forms  for  screen  boards  and  runs  on  lower  layer  of  floor : 

•    Cost 

Per  Per 

Item  sq.  yd.     cu.  yd. 

3  carpenters,  67  hrs.  at  25  cts $50.  25  $0. 038     $0. 172 

1  foreman,  53  hrs.  at  50  cts 26.  50         02  .09 

Totals $76.  75  $0. 058     $0.  262 

Cost  of  labor  on  concreting  lower  layer  of  floors: 

Cost 

Per 
Item  ,     cu.  yd. 

14  men,  47  hrs.  at  20  cts $105.  60  \ 

4  men,  41  hrs.  at  25  cte 41. 00  /     $0. 591 

1  superintendent,  41  hrs.  at  50  rts 20.  50  .07 

Water  boy,  41  hrs.  at  10  cts 4. 10  .014 

2  fimshcrs,  50  hrs.  at  20  cts 20. 00 1 

1  finisher.  38  hrs.  at  25  cts 9.  50  j         .101 

Totals «226.  70       $0.  776 

Or  $0. 173  per  square  yard. 

31 
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Labor  Coat  of  Forma,  Placing  Reinforcement  and  Concrete  Coaoulating  Banns. 
— As  soon  as  the  floors  were  laid  the  walls  of  the  basins  were  started.  In 
building  these  one  end  and  half  of  each  side  were  built  together,  then  the  other 
end  and  the  balance  of  the  sides,  and  last  the  dividing  wall  and  baffles.  All 
were  built  in  5-ft.  lifts.  The  outside  walls  are  16  ins.  thick  at  the  top  and 
20  ins.  thick  at  the  bottom,  the  latter  being  on  the  Inside.  On  top  they 
have  an  overhang  of  26  ins.,  which  with  the  wall  gives  a  42-in.  walk,  6  ins.  thick. 
The  dividing  wall  is  of  the  same  construction  while  the  baffles  are  6  ins.  thick 
with  an  18-in.  walk  on  top.  The  walls  are  all  tied  together  by  five  18  X  12-in. 
beams  which  extend  across  both  basins. 

For  reinforcing,  the  outside  walls  have  H-in-  rods  5  ins.  on  centers  for  out- 
side verticals,  and  \^-m.  rods  8  ins.  on  centers  for  the  inside  verticals,  with, 
^i-in.  rods  9  ins.  on  centers  for  the  horizontals  on  both  sides.  The  dividing 
wall  has  l^-in.  rods  5  ins.  on  centers  for  verticals  on  both  sides  and  yi4n. 
rods  9  ins.  on  centers  for  the  horizontals.  The  baffle  walls  are  reinforced 
with  expanded  metal  weighing  0.6  lb.  per  foot.  The  li-in.  rods  in  the  walta 
are  made  long  enough  to  be  bent  over  to  reinforce  the  walks.  In  addition  the 
walks  have  three  li-in.  rods  along  their  edges.    All  rods  are  corrugated. 

The  average  inside  dimensions  of  each  basin  are  97  ft.  X  34  ft.  8  ins.  and 
20  ft.  3  ins.  deep  with  a  high  water  mark  18  ins.  below  the  top. 

For  the  wall  forms  sheets  10  ft.  wide  and  the  full  height  of  the  wall  were 
built  of  ^-in.  tongue  and  grooved  stuff  on  2  X  6-in.  studding  spaced  18  ine. 
centers.  These  were  used  for  the  outside  forms  and  were  placed  and  braced 
in  position,  then  the  steel  was  placed.  For  this  spikes  were  drivoi  in  the 
forms  for  every  fifth  vertical  rod  and  the  head  allowed  to  extend  out2Iiie. 
These  rods  were  wired  to  the  spikes,  then  a  horizontal  rod  at  the  top  and 
another  at  the  bottom  were  wired  to  these,  then  the  rest  of  the  vertical  rode 
were  placed  and  wired  to  the  horizontals,  and  then  the  rest  of  the  horijHXitalB 
were  placed.  For  the  inside  reinforcing  wooden  spacers  were  used  instead  cf 
spikes.  These  were  fastened  to  the  outside  forms  and  were  removed  before 
the  concrete  was  placed.  On  the  inside  the  horizontal  rods  were  carried  up 
with  each  lift  as  they  would  have  interfered  with  the  dumping  of  the  concrete 
if  they  had  been  placed  any  higher. 

After  the  steel  was  placed  the  inside  sheets  were  placed.  These  were  4  It. 
high  and  16  ft.  long.  Wooden  spacers  were  used  between  the  fomiB  and  two 
strings  of  4  x  4-in.  waling  were  placed  on  each  side.  No.  10  wire  was  carried 
through  the  forms  around  the  waling  and  twisted  on  the  inside.  On  top  of  the 
4-ft.  sheet  a  false  sheet  1  ft.  high  was  used.  It  was  used  so  that  the  4-ft. 
sheet  could  be  removed  and  placed  on  top  for  the  next  lift,  the  wiring  in  the 
false  sheet  holding  it  solidly  in  place. 

The  runways  were  built  with  4  x  4-in.  uprights  placed  about  6  ft.  frqai 
the  forms.  These  were  the  full  height  of  the  wall  and  were  X-braoed  to- 
gether. Ledgers  were  spiked  across  from  the  forms  to  the  uprights  and  ilia 
runway  plank  placed  on  these.  These  were  raised  for  every  new  lift.  The 
runway  ran  aroimd  the  inside  of  the  basins  and  back  to  the  mixer;  this  gvn 
a  continuous  circuit  for  the  wheelers.  The  concrete  was  dropped  froin  the 
mixer  down  a  chute  into  the  barrows  until  the  height  of  the  mixer  was  reaited 
and  then  it  was  wheeled  direct.  In  building  the  outside  waUs  keywayi  and 
2-f t.  stubs  of  steel  were  placed  for  the  dividing  and  baffle  walls,.  As  each  Ufl 
was  built  it  was  stepped  back  2  ft.  from  the  end  of  the  preceding  one  so  tlMt 
there  would  not  be  a  continuous  vertical  joint  the  height  of  the  waU. 
the  concrete  reached  the  height  of  the  outlet  box  a  section  was  left  out  i 
was  built  with  the  boxes. 
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Z^ost  of  labor  on  forms  for  coagulating  basins 

3uilding  sheets: 

tern.  Cost 

men,  6  hrs.  at  20  cts , $13.  20 

men,  30  hrs.  at  25  cts 37.  50 

men,  18  hrs.  at  35  cts 12.  60 

)erintendent  27  hrs.  at  50  cts 13.  50 

iter  boy  20  hrs.  at  10  cts 2. 00 


Total  cost $78. 80 

)r  $0. 014  per  sq.  ft.  of  form  surface:  or  $0. 105  per  cu.  yd.  of  concrete. 

k)8t  of  labor  on  erecting  forms  and  runs  and  wrecking  same: 

tern.  Cost 

len,  168  hrs.  at  20  cts $168.00 

len,  190  hrs.  at  25  cts 332.  50 

len,  190  hrs.  at  35  cts 133.  50 

reman,  160  hrs.  at  50  cts 80. 00 

iter  boy,  100  hrs.  at  10  cts 10.  00 


Total  cost $726.  50 

I^oet,  $1. 802  per  cu.  yd. 

Z^ost,  $0. 052  per  sq.  It.  of  concrete  surface. 

>Mt  of  placing  58,100  lbs.  of  steel  for  basins: 

[tern.  Cost 

ncn,  54  hrs.  at  20  cts $  43.  20 

nen,  50  hrs.  at  25  cts 87.  50 

nen,  42  hrs.  at  35  cts 28.  40 

perintendent,  33  hrs.  at  50  cts 16.  50 

ater  boy,  33  hrs,  at  10  cts 3. 30 

Total  cost $178. 90 

Cost,  $0. 0031  per  lb.,  or  $6.20  per  ton. 

Qost  of  labor  on  concreting  walls  of  basins: 

Cost 


Per 
Item.  cu.  yd. 

'  men,  44  hrs.  at  20  cts $167.  20  \ 

men,  44  hrs.  at  25  cts 44. 00  /  $0.  490 

iperlntendent,  44  hrs.  at  50  cts 22.  00  055 

ater  boy,  44  hrs.  at  10  cts 4. 40  .Oil 

Totals $237.  60       $0.  546 

Cost  of  labor  on  forms  for  outlet  boxes: 

Item.  Cost 

carpenters.  70  hrs.  at  35  cts . , $  49.  00 

carpenters.  70  hrs.  at  30  cts 42.  00 

carpenters,  70  hrs.  at  25  cts 70.  00 

foreman,  70  hrs.  at  50  cts 35.  00 

$196.00 
•»  cost  of  walls  included , 34 .  00 

Total S162. 00 

Cost  per  cu.  yd..  $10. 80. 

^•kor  Coei  of  Forma  and  Concreting  Clear  Well. — The  inside  dimensions  of  the 
Itv  weU  are  26  ft.  4  Ins.  X  72  ft.  8  ins.  and  it  Is  11  ft.  deep.    The  method  of 
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construction  here  was  almost  the  same  as  that  used  on  the  basins  except  that 

the  walls  were  built  the  full  height  instead  of  in  5-ft.  lifts.    For  the  foims  the 

large  sheets  that  had  been  used  on  the  basins  were  cut  down  and  used  for 

both  sides,  all  of  the  walls  being  poured  at  one  operation. 
Co6t  of  labor  on  clear  well  forms: 

Item.  Cost 

3  men  22  hrs.  at  20  cts $13.20 

8  men,  47  hrs.  at  26  cts 94. 00 

2  men,  48  hrs.  at  35  cts 33. 60 

Foreman,  46  hrs.  at  60  cts 23. 00 

Water  boy,  20  hrs.  at  10  cts 2. 00 

Total $166.80 

Cost  per  cu.  yd.,  $1. 842. 

Cost  per  sq.  it.  of  concrete  surface,  $0. 05. 

Cost  of  labor  for  concreting  clear  well : 

Item.  Cost 

20  men,  12  hrs.  at  20  cts $  48. 00 

4  men,  12  hrs.  at  25  cts 12.00 

Superintendent,  12  hrs.  at  50  cts 6. 00 

Water  boy,  12  hrs.  at  10  cts 1. 20 

Total $  67. 20 

Cost  per  cu.  yd.,  $0,747. 

Labor  Coat  of  Column  Forma. — Fourteen  columns,  14  X  14-in8.  and  11^. 
long  support  the  roof  of  the  clear  well.  The  colunm  side  forms  were  built 
in  one  piece  and  were  held  together  with  2  X  4-in.  clamps  and  wedges. 

Cost  of  labor  on  forms  for  14  columns: 

Item.  Cost 

2  men,  22  hrs.  at  25  cts $11.00 

2  men,  25  hrs.  at  35  cts 17.» 

Total $S8.fiO 

Cost  per  column,  $2.04. 
Cost  per  cu.  yd.,  $4.07. 

Labor  Coat  of  Forma  and  Concreting  Filtera. — Each  filter  ^aa  built  CQOyiMp 
including  floors  and  walls  and  walks,  and  all  poured  at  one  pouiing.  Tlw 
filter  blocks  and  troughs  were  placed  after  the  forms  were  removBd.  ^ 
building  the  forms  all  of  the  sides  were  built  in  sheets,  the  old  sheets  used  o^ 
the  pump  room  and  clear  well  walls  being  used  and  cut  down.  The 
and  sheets  inside  the  channels  were  placed  first.  These  rested  on  the 
Then  the  steel  was  placed  and  next  the  inside  sheets  were  placed.  The 
were  set  on  4-in.  concrete  blocks  so  as  to  form  the  floor.  The  waUai 
built  on  2  X  4-in.  brackets  built  out  from  the  sheets  and  covered  with 
tongue  and  groove  flooring.  Rebate  boxes  were  placed  for  the  cross 
When  the  concrete  was  placed  the  floors  were  placed  first  with  a  miztufe'  ^ 
was  dry  enough  to  tamp  and  show  water  on  the  surface.  Then  the  walls  wi 
poured  and  as  the  inside  forms  were  4  ins.  off  of  the  bottom  the  concreCa ; 
through  and  bonded  with  the  floor.  The  walls  were  poured  very  wet  ukI^ 
well  worked.  It  was  found  that  in  places  the  concrete  would  boil  oul 
the  inside  forms  but  this  was  left  until  the  next  day  and  then 
before  it  was  too  hard ;  at  this  time  the  floors  were  also  trinuned  up  to ; 
grade  as  they  were  always  rough  and  uneven.  The  forms  WMe  bnoed 
the  filters  and  also  had  walings  and  wires  in  them. 
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Building  12  forms  for  filter  blocks  cost  $42.50,  or  $3.54  each. 
Labor  cost  of  fonns  for  four  filters: 

Item  Cost 

Superintendent,  170  hrs.  at  50  cts $  85.  00 

2  carpenters,  170  hrs.  at  35  cts 119. 00 

3  carpenters,  170  hrs.  at  30  cts 153. 00 

3  carpenters,  190  hrs.  at  25  cts 143.  50 

2  men,  100  hrs.  at  20  cts 40. 00 

Total $540. 50 

Cost  per  filter,  $135.12. 
Cost  per  cu.  yd.,  $5.00. 

Cost  of  labor  on  concreting  filters: 

Item  Cost 

Superintendent,  4H  hrs.  at  50  cts $     2.  25 

3  men,  4M  hrs.  at  25  cts 3.  38 

18  men,  4M  hrs.  at  20  cts 16.  20 

Finisher,  5  hrs.  at  30  cts 1 .  50 

Water  boy,  4H  brs.  at  10  cts .45 

Total  cost • $  23.  78 

Cost  per  cu.  yd.,  $0.88. 

The  costs  of  forms  given  in  this  article  include  runways  and  wrecking.  The 
work  was  done  by  contract  started  May  17,  1911  and  the  plant  started  oper- 
ating Jan.  5,  1912. 

Cost  of  Rebuilding  Filter  Beds  at  Cincinnati  Filtration  Plant. — The  filter 
plant  of  the  city  of  Cincinnati,  O.,  as  placed  in  operation  in  1907,  had  a  strainer 
Rystem  consisting  of  perforated  plates  covering  concrete  channels  located  at 
the  bottom  of  trough-like  depressions  running  lengthwise  of  the  filter.  The 
depressions  were  filled  with  gravel  and  to  prevent  its  displacement  during 
washing,  wire  cloth  screens  were  bolted  to  the  tops  of  the  troughs.  These 
retained  the  gravel  effectively  and  prevented  the  passage  of  sand  into  the 
filters.  It  was  found,  however,  that  the  screens  corroded  in  the  water  at 
Cincinnati,  and  consequently  they  were  removed,  and  the  necassity  for  their 
use  avoided  by  increasing  the  depth  of  gravel  above  the  strainers  to  14  in. 
The  methods  employed  in  reconstructing  these  filter  beds  are  described  by 
J.  W.  Ellms,  Superintendent  of  Filtration,  in  the  1916  annual  report  of  the 
Cincinnati  Water  Works  Department,  from  which  the  matter  following  was 
abstracted  by  Engineering  and  Contracting  in  the  issue  of  Oct.  10,  1917. 

Following  the  experimental  work  that  was  undertaken  to  determine  the 
best  plan  to  pursue  in  rebuilding  the  beds  after  removing  the  brass  wire  cloth, 
Qoe  filter.  No.  19,  was  rebuilt  and  put  in  service  on  Dec.  25,  1913.  This  filter 
Was  operated  continuously  in  order  to  obsers-^e  its  action  with  the  increased 
(iq>th  of  the  gravel  bed  (14  in.)  that  had  been  substituted  for  the  7>^-in  gravel 
bed  used  with  the  wire  cloth  screen.  The  satisfactory  results  obtained 
with  this  filter  after  operating  it  for  neaily  a  year,  confirmed  the  conclusions 
<lerived  from  the  experiments,  and  plans  were  made  to  rebuild  the  remaining 
beds  of  the  plant. 

As  the  handling  of  the  sand  by  throwing  it  up  to  a  platform  made  of  plank 
bid  over  the  top  of  an  adjoining  filter,  had  proven  expensive,  a  centrifugal 
pnxiq)  was  installed  in  the  middle  gallery  of  the  filter  house  on  the  motor 
giflery  floor.  The  pump  was  capable  of  throwing  ISO  gal.  of  water  a  minute 
and  would  produce  a  pressure  at  the  pump  of  100  lb.  per  square  inch.     A 
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sand  ejector  was  purchased  and  was  used  to  transfer  the  sand  from  one  bed 
to  another  during  the  reconstruction  work.  This  outfit  proved  satisfactory, 
and  saved  a  great  deal  of  the  expense  of  manual  labor  that  would  have  otba<- 
wise  been  necessary  in  handling  the  sand. 

Late  in  the  fall  of  1914,  Filter  No.  2  was  reconstructed  before  the  sand 
handling  apparatus  was  installed.  The  cost  of  rebuilding  this  filter,  the  same 
as  in  the  case  of  Filter  No.  19,  which  was  rebuilt  during  the  previous  year, 
was  much  in  excess  of  the  cost  of  reconstructing  the  remaining  26  filters  at  the 
plant. 

On  Dec.  16,  1914,  active  work  was  commenced  on  the  remaining  26  filters 
and  they  were  completed  on  March  9,  1916.  The  laborers  doing  this  woric 
were  the  men  from  the  reservoir  force,  and  they  carried  on  all  the  other  woric 
of  the  plant  in  conjunction  with  this  work  of  rebuilding  the  filter  beds.  In 
consequence,  they  were  not  employed  continuously  on  the  reconstruction 
work,  but  gave  it  .as  much  attention  as  they  were  able,  in  order  to  comi^te  it 
as  soon  as  possible. 

Substantial  screens  were  built  to  be  used  in  grading  the  gravel.  These 
screens  were  necessary,  not  only  to  separate  the  various  sizes  of  new  gravd 
needed  for  increasing  the  depth  of  the  bed,  but  also  to  regrade  the  original 
gravel  removed  from  the  filter  tanks.  The  grading  and  regrading  of  the 
gravel  proved,  if  anything,  more  expensive  than  any  other  part  of  the  work, 
since  handling  and  rehandling  the  gravel  was  unavoidable. 

The  gravel  layers  placed  in  the  bed  were  graded  as  follows: 

Depth  of 

Size  of  separation  lajrer,  in. 

Passed  a  2-in.  and  retained  on  a  1-in.  screen 2 

Passed  a  1-in.  and  retained  on  a  ^-in.  screen 2 

Passed  a  ^-in.  and  retained  on  a  M-in.  screen 3 

Passed  a  H-in-  and  retained  on  a  K-in.  screen 4 

Passed  a  yi-in.  screen 3 

Thirty  inches  of  sand  were  placed  directly  on  top  of  the  finest  gravel  lajvr.' 
No  new  sand  was  used,  except  about  6  or  7  cu.  yd.  in  the  last  filter  rebuilt 
The  sand  now  has  an  effective  size  of  0.38  m.m.  and  a  uniformity  coeflScmt 
of  1.36. 

The  sand  received  no  cleaning  other  than  what  it  may  have  obtaiiied  In 
being  transferred  from  one  bed  to  another.  The  handling  of  the  sand  was  so 
arranged,  that  the  removal  of  sand  from  one  bed  was  the  operation  that 
transferred  it  to  a  reconstructed  bed.  Two  handlings  of  the  sand  were  tlm 
avoided. 

In  order  not  to  disturb  the  gravel,  the  sand  shoveled  into  the  ejector  WM 
discharged  into  a  galvanized  iron  pocket  swung  between  the  wash  troughs  tad 
above  the  newly  laid  gravel  bed.  The  velocity  of  the  escaping  water  ynt 
thus  reduced,  and  no  disturbance  of  the  gravel  resulted.  A  systematic  method 
for  cleaning  the  filtered  water  channels  under  the  brass  strainer  plates  wts 
followed.  Plates  over  the  riser  pipes  were  removed,  and  at  the  ends  of  tl» 
tank.  Caps  on  the  manifold  headers  under  the  filters  were  removed.  Any 
sand  that  may  have  gotten  down  into  the  effluent  piping  was  flushed  bade  wtfi 
the  wash  water  out  of  the  open  ends  of  the  manifolds.  Hose  streams  1W> 
used  to  wash  out  the  channels  under  the  plates,  and  any  sand  in  them  «M, 
washed  down  the  riser  pipes  and  out  of  the  ends  of  the  headers. 

Every  hole  in  the  strainer  plates  of  each  filter  was  opened  up  by  poshtnc^ 
sharp  piece  of  ste^l  into  it.  Any  incrustation  or  lodged  sand  partldMUHli 
thus  removed.    Many  hook  bolts  were  replaced  that  had  been  brokeil«  elttair , 
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se  of  operation  of  the  filter,  or  from  having  been  originally  strained 
I  placing  them  in  the  first  place.    Any  plate  that  was  improperly 
Ls  repaired,  and  the  plates  that  had  to  be  removed  were  carefully 
)ack  in  place, 
icreased  depth  of  the  gravel  has  brought  the  sand  surface  nearer 

the  wash  troughs,  the  wash  water  valve  has  had  to  be  reset,  so  as 
jlocity  of  wash  water  of  less  than  2  ft.  per  minute.  The  velocity  of 
*  is  now  about  18  in.  per  minute. 

nated  cost  of  reconstructing  the  filter  beds  was  $8,500.  Obviously 
ot  very  much  exact  information  on  which  to  base  an  estimate.  The 
f  the  gravel  proved  to  be  the  most  expensive  part  of  the  work, 
i  cost  an  average  of  $1.62  per  ton  instead  of  the  $1.39  per  ton  used  in 
te.  The  actual  cost,  as  nearly  as  it  is  possible  to  get  at  it,  appears 
in  $9,502.76.  This  gives  a  total  cost  per  filter  of  $339.38.  which  is 
to  a  cost  of  24.2  ct.  per  square  foot  of  filter  area.  There  is  a  credit 
I  above  cost  for  150  tons  of  gravel  left  over  and  having  a  value  of 
3n,  or  a  total  of  $243.  From  the  sale  of  old  brass  wire  cloth,  there 
ig  of  the  scrap  value  of  38,125.5  lb.,  having  an  estimated  value  of 

Adding  these  two  items  together  makes  a  total  credit  of  $3,547.60, 
(ducted  from  $9,502.76,  leaves  a  net  cost  to  the  city  of  $5,955.16 
onstniction  work.     This  is  equivalent  to  $205.54  per  filter,  or  15.2 
we  foot  of  filter  area, 
of  the  various  items  was  as  follows: 

Quan- 
Operation  tity      Hours  Coflta 

)ld  gravel 3.936       $     996.76 

Id  gravel 3,890  985.  25 

(trainer  plates  over  risers 645  163. 12 

it  holes  in  strainer  plates 1 ,  631  458.  32 

it  filtered  water  channels 671  144. 62 

trainer  plates 1 ,  778  450. 15 

javel 3,910  990.25 

g  sand  with  ejector 1 .  218  308.  22 

jand  ejector  operated 304. 3  48. 77 

ew  gravel 2 ,885  724.  85 

lew  gravel  from  cars 192  48. 77 

1  unloading  gravel  from  team 1 ,416  356.  80 

;h  team 307  163. 60 

ichinst  on  header  caps 69  34. 60 

ichinsfs  helper 82  21. 67 

bor  on  header  caps 665  169.  30 

time  (66  per  cent) 660. 00 

ip  in  hauling  gravel 2 , 000 100. 08 

tion  of  Filters  Nos.  2  and  19 819.  37 

jhased  (tons) 1 ,  159 1 ,879.  67 

1  cost  of  reconstructing  28  filters $9 ,  602.  76 

labor  cost  $2  per  8-hour  day  until  Feb.  1,  1916,  after  which  it  was 
ay.  The  machinist  was  paid  50  ct.  per  hour  and  the  machinist's 
5  per  day.  The  team  cost  50  ct.  per  hour.  The  water  used  was 
7  per  1,000,000  gal.  The  cost  of  power  was  placed  at  $0,086  per 
ing  180  gal.  per  minute  for  sand  ejecting,  the  cost  for  power  and 
I6c  per  hour. 

Treating  FUter  Water  With  Copper  Sulphate.— The  followhlg 
iken  from  an  abstract,  published  in  Engineering  Record,  July  26, 
paper  presented  before  the  American  Waterworks  Association  at 
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Minneapolis  by  Frederick  H.  Stover,  Bacteriologist  and  Chemist,  Lousville 
Water  Company. 

The  chief  functions  of  water  filters  being  the  removal  at  bacteria  and 
suspended  matter  the  natural  inference  would  be  that  the  operation  of  the 
plant  would  be  easiest  at  the  times  when  these  substances  are  present  in  least 
amount.  Many  filter  superintendents,  however,  find  that  such  is  not  always 
the  case  and  that  warm  weather  and  clear  water  bring  troubles  peculiarly  their 
own.  The  usual  symptoms  of  these  troubles  are  marked  shortening  in  the 
length  of  the  filter  runs  and  the  prevalence  about  the  filter  beds  of  a  pro- 
nounced odor,  varying  from  "grassy"  to  "fishy"  in  nature.  Microscopical 
examination  of  the  water  at  such  times  usually  reveals  the  presence  of  numer^ 
ous  minute  forms  of  the  type  generally  classified  by  waterworks  men  as  "  micro- 
organisms," which,  in  the  waters  of  the  Ohio  River,  are  principally  diatoms, 
with  a  few  algae  and  miscellaneous  Forms  present. 

The  water  of  the  Ohio  River,  when  of  a  turbidity  below  30  parts  per  fniiHmn, 
almost  invariably  causes  decreases  in  the  length  of  the  filter  runs.  If  such 
turbidities  are  accompanied  by  micro-organism  and  much  amorphous  matter, 
still  greater  decreases  follow.  Filter  runs  may  be  greatly  increased  by  the 
judicious  use  of  copper  sulphate,  although  after-growths  of  bacteria  somettmes 
follow  its  application  and  must  be  guarded  against. 

With  the  copper  sulphate  (CuSOi)  applications  markedly  favorable  results 
have  been  secured  in  all  but  one  instance,  and  even  in  this  case  the  results 
cannot  be  said  to  have  been  negative,  as  the  runs  were  kept  at  6  hours  and 
above  under  conditions  when  much  lower  ones  might  have  been  expected,  and 
probably  would  have  occurred  had  not  the  copper  been  used.  The  minimum 
length  of  runs  reached  at  this  time  was  5  hours,  which  occurred  9  days  after 
this  dosing. 

Within  24  hours  after  the  application  of  the  copper  there  was  in  each  in- 
stance a  noticeable  increase  in  the  length  of  the  filter  runs  and  that  tbaie 
lengthened  runs  continued  for  periods  varying  from  8  to  10  days  in  koffth. 

The  copper  was  applied  in  the  second  sedimentation  basin  and  in  the  ooego- 
lant  basin  by  dragging  bags  of  it  from  a  boat. 

The  decreases  in  the  length  of  the  filter  runs  of  course  cause  correspoodini^ 
large  increases  in  the  amounts  of  wash  water  used.  During  the  year  19XS 
the  average  amount  of  wash  water  used  at  Louisville  was  2.05  per  cent — the 
lowest  average  for  any  one  month  being  1.44  per  c^it.  During  the  periods  df 
shortened  filter  runs,  however,  the  amounts  will  vary  from  6  to  10.7  per  cent. 

Small  doses  of  hypochlorite  of  lime  do  not  afifect  these  micro-organisms  In 
such  a  way  as  to  increase  the  length  of  the  filter  runs.  The  determinatioo  of 
the  time  of  filtration  of  samples  of  water  through  small  laboratory  fllten  wfll 
in  some  instances  enable  the  operator  to  select  the  water  from  that  point  of 
his  system  which  will  give  the  longest  filter  runs. 

Amount  and  Cost  of  C-opper  Sulphate  Treatmbnt 

*Veliie 

Effects  wash 

— CuS04    used —     lasted       Total    Cost  per  mil.  gal.     wstir 

Date  Pounds    P.p.m.      (days)        cost       Dosed    Treatod      seved 

Aug.  20,  1910..  650  1.3  19  $31.20  $0.60  $0,005       

May  27,  1911..  735  1.3  10  36.00  0.52  0.104  $149.7$ 

June  15.  1911. .  1000  1.7  9  49.00  0.70  0.217  228.50 

June  10,  1912. .  625  1.2  9  30.60  0.49  0.182       

*At  $30  per  million  gallons.  • 
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operating  Costs  of  Filtration  Plants. — The  following  data  are  taken  from 
iin's  "Water  Purification  Plants"  (1915). 

Perhaps  the  largest  single  factor  affecting  the  cost  of  operation  of  filtration 
nts  is  the  amount  of  coagulant  used.  This  varies  with  the  quality  of  the 
7  water,  and  increases  greatly  when  the  water  is  softened.  The  labor  cost 
reases  with  the  size  of  plant  from  the  smallest  to  plants  of  perhaps  10,000,- 
)  gallons  icapacity,  after  which  the  cost  per  million  gallons  decreases, 
ainst  the  cost  of  filtering  should  be  charged  the  cost  of  pumping  the  water 
linst  the  head  lost  in  filtration,  which  is  generally  from  10  to  15  feet, 
e  following  are  tsrpical  examples  of  the  cost  of  filtration  in  plants  of 
ious  sizes: 

Example  No.  1.  Coat  of  Coagulation  and  Sedimentation  at  St.  Louis,  Mo. — 
e  treatment  consists  cl  coagulation  with  lime  and  iron  sulphate,  followed 
sedimentation  in  large  basins.  The  source  of  supply  is  the  Mississippi 
^er  below  the  mouth  of  the  Missouri,  consequently  a  very  high  turbidity 
ivails  much  of  the  time.  The  average  amounts  of  chemicals  used  in  1911 
re  6.77  grains  per  gallon  of  lime  and  2.70  grains  per  gallon  of  iron  sulphate. 

Cost  of  Pubification  per  Million  Gallons  (1910-1911) 

Lime $1,967 

Sulphate  of  iron 1 .  969 

Unloadiiig 0. 094 

Operating  and  maintenance  (labor) 0.  378 

Repairs 0  030 

Water,  coal,  oil,  etc 0. 047 

Light  and  power 0.  098 

Water  analyses  (chemist's) 0. 172 


Total $4.  755 

The  average  daily  pumpage  was  about  86,000,000  gallons. 
Example  No.  2.     Coat  of  Filtration  at  Harriaburg,  Penna. — This  is  a  standard 
pe  mechanical  filtration  plant.     The  pumpage  for  1911  averaged  8,205.684 
lions  per  day.    The  average  amount  of  coagulant  used  was  0.7  grain  per 

Uon. 

Cost  of  Purification  per  Million  Gallons  (1910-1911) 

Coagulant $1.  22 

Fuel  (low  service) 0. 86 

Supplies 0.  28 

Materials  and  repairs 0  36 

Oil  and  waste 0  07 

Laboratory 0.  43 

Labor 2.  77 


Total $5.  99 

Example  No.  3.  Coat  of  Filtration  at  a  Typical  Small  Plant. — Daily  pump- 
;e,  2,000,000  gallons.  Water  slightly  acid  at  times,  requiring  the  use  of 
da  ash.  Average  amounts  of  coagulant  used  0.7  grain  per  gallon  of  alum, 
5  grain  per  gallon  of  soda  ash, 

Cost  of  Purification  per  Million  Gallons 

Alum $1.  25 

Soda  ash 86 

Fuel  Gow  service) * 73 

Supplies,  oil,  and  waste 42 

Repairs 07 

Labor 2. 00 

Total $5.  33 

*  Cost  of  pumping  the  additional  head  lost  in  the  filtration  plant. 
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Example  No.  4.  Coat  of  Purification  in  a  Large  Softening  Plant, —  DdHy 
pumpage,  50,000.000  gallons;  lime  used,  8  grains  per  gallon;  iron  sulphate, 
1  grain  per  gallon.  Plant  is  equipped  with  conveyors,  automatic  scales,  and 
other  labor-saving  devices. 

Cost  of  Purification  per  Million  Gallons 

Lime $2.71 

Iron  sulphate 0. 72 

Labor 0. 09 

Material,  supplies,  and  repairs 0. 56 

Laboratory 0.12 

Low-service  pumpage* 0. 40 

$5.20 

*Co8t  of  pumping  the  additional  head  lost  in  the  filtration  plant. 

Cost  of  Water  Purification  at  Cincinnati,  O. — (Engineering  and  Contracting 
Jan.  14,  1920).  The  average  cost  of  operating  and  maintaining  the  fitter 
plant  of  Cincinnati,  O.,  for  the  10-year  period  1908-17  has  been  $3.96  per 
1,000,000  gal.  of  filtered  water  delivered  for  consumption.  This  total  consists 
of  $1.66  for  coagulating  chemicals,  36  ct.  for  maintenance  and  $1.94  for  other 
operating  costs,  principally  labor  charges.  The  following  table,  from  the 
1917-18  report  of  the  Water  Department  summarizes  the  cost  since  the  plant 
was  started : 


Operating  Costs  per  Mi 

[llion  Gali 

JONS 

Operation 

Coagu- 

All other 

lating 

operating 

Mainte- 

Year                            chemicals 

costs 

nance 

Total 

1908... 

$1.72 

$2.47 

$0.05 

$4.24 

1909... 

1.89 

2.28 

.09 

4.se 

1910. ... 

1.93 

1.98 

.28 

4.19 

1911.... 

1.86 

1.91 

.35 

4.1$ 

1912... 

1.78 

1.68 

.38 

3.84 

1913... 

1.67 

1.77 

.48 

3.83 

1914... 

1.21 

1.78 

.39 

8.38 

1915 

1.43 

1.86 

.76 

4.05 

1916 

1.27 

1.80 

.38 

8.45 

1917.... 

1.86 

1.85 

.40 

4.11 

1918 

2.12 

2.37 

.67 

5.15 

The  increase  in  maintenance  in  1915  was  largely  due  to  cost  of  reoonstxuct- 
ing  the  filter  beds  which  item  amounted  to  $0.84  per  1,000,000  gals.  AnotlMr 
unusual  item  in  that  year  was  the  cost  of  repairing  roofs  which  amounted  to 
$0.07  per  1,000,000  gals. 

The  average  period  of  service  has  been  between  22  to  23  hours.  The  ttm 
required  for  wasliing  a  filter  has  been  from  3.75  to  4.50  minutra.  The  amouBl 
of  wash  water  amounts  to  from  1  to  2.75  per  cent  and  averages  about  1.76  per 
cent  of  the  total  water  filtered. 

Cost  of  Operation  and  Comparative  Cost  of  Chemicals  for  Coliim1me»  O^ 
Purification  Works. — The  total  expense  for  operating  and  maintenance  of  the 
water  softening  and  purification  works  of  the  city  of  Columbus,  O.,  foor  1016 
was  $199,299,  of  which  $24,902  was  for  labor  and  supervision,  $168,846  fir 
chemicals  and  $6,051  for  general  supplies.  The  cost  of  puriflcfttion  pv 
1 ,000,000  gal.  delivered  to  consumers  was  $27.75.    The  quantities  and 
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als  used  at  fhe  wotks  dminir  the  9  years,  1909  to  1917,  induslTe,  as 
n  Engineering  and  Contracting,  June  12,  1918,  have  been  as  foUows: 


Lime 

Cost  per 

Sods  aab 

Cost  per 

^Alum 

Cost  per 

Bleach — 

Cost  ner 

Tons 

ton 

Tons       ton 

Tons 

ton 

Tons 

ton 

2,467 

$5.75 

1,403  $17.50 

624 

$19.00 

•  • 

3.081 

5.80 

2,164     17.50 

423 

18.00 

3.860 

5.42 

1,776     17.60 

500 

17.50 

•  • 

3.296 

6.27 

1.583     15.20 

895 

17.15 

22 

$27.80 

3.629 

6.17 

2,895     12.88 

711 

17.10 

17 

27.80 

4.650 

5.27 

3.540     13.80 

880 

16.76 

14 

29.20 

3,970 

5.17 

2.383     15.14 

69 
805 

•16.60 
t7.27 

22 

34.80 

4,550 

5.17 

1.975     62.00 

823 

t20.18 
tlO.  69 

19 

85.00 

4.206 

7.03 

1.833     60.00 

943 

24 

70.00 

'Btal  alum  purchased  in  open  market,     f  Cost  of  materials. 

of  Operation  of  Filter  Plant  of  Erie,  Pa. — The  following  data  are 
rem  Engineering  and  Contracting,  July  11,  1917.  The  rapid  sand 
n  plant  of  Erie,  Pa.,  filtered  6,881,170,000  gal.  of  water  in  1916.  C<mi- 
nth  1915  this  is  an  increase  of  1,066,600,000  gai.  or  18.34  per  cent. 
»,  especially  during  the  months  of  July  and  August,  the  plant  was 
d  as  high  a8''35  per  cent  above  its  normal  capacity.  While  operating 
Lormal  capacity  no  decrease  was  noted  in  the  high  efiBciency  obtained 
)6rating  at  normal  rates.  It  required  304, 63 1  lb.  of  aluminum  sulphate 
;  all  the  water  filtered;  expressed  in  grains  per  gallon  is  equal  to  .31. 
ui  increase  of  50  per  cent  over  the  amount  required  per  gallon  in  1915. 
reased  turbidity  of  the  water  treated  made  the  increase  in  coagulant 
ry.  Total  hypochlorite  of  calciimi  used  27.138  lb.  or  3.9  lb.  per 
K)  gal.  treated.  In  washing  the  filters,  129.100.000  gal.  of  filtered 
irere  used.  This  is  1.88  per  centof  the  total  filtered.  The  cost  of 
in  and  maintenance  for  1916  was  $13,868;  cost  per  1,000.000  gal. 
$2.02.    Cost  of  operation  and  maintenance  is  divided  as  follows: 

nd  supervision $  6. 539.  20 

4.668.89 

1.045.71 

ater 1,050.40 

lance  of  plant  and  laboratories 573. 77 


Per  cent 

47.1 

33.6 

7.6 

7.6 

4.1 


$13,867.97*       100.0 
B  not  include  low  duty  pumping,  light,  heat  or  pressure  water. 

>f  Filtering  Water  at  Grand  Rapids. — (Engineering  and  Contracting, 
,  1918). 

oet  of  filtering  water  at  Grand  Rapids,  Mich.,  increased  from  $14.87 
0.000  gaL  for  the  year  1916-17  to  $18.84  in  1917-18,  according  to  the 
report  of  Walter  A.  Sperry,  chief  chemist  of  the  filter  plant.    Corn- 
figures  on  the  operating  costs  for  the  last  four  years  are  given  in  the 

IS  follows: 

1917-18  1916-17  1915-16  1914^15 

$4.86  $4.26       $4.48       $3.57 

b 10.06  7.37           5.10           4.76 

2.23  2.26           2.17           2.14 

ater .20       

and  repairs 1.49  .98           1.11             .86 

$18.84       $14.87       $12.86       $11.33 
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The  Grand  Rapids  plant  was  put  in  operation  November,  1912.  The 
method  of  treatment  is  lime  softening  followed  by  mechanical  filtration. 

According  to  Engineering  News-Record,  Aug.  30,  1917,  the  amount  of 
wash  water  for  this  plant  has  averaged  about  2%  of  the  total  amount  of 
water  treated. 

Eleven  Years'  Operating  Results  of  Filter  Plant. — The  filtration  plant  of 
Harrisburg,  Pa.,  has  been  in  continuous  operation  since  its  completion  in 
October,  1905.  The  following  table,  published  in  Engineering  and  Contract- 
ing, Sept.  12,  1917,  shows  the  average  turbidity,  coagulants,  length  of  runs  and 
percentage  of  wash  water  during  this  period: 


Year 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

Average 


Sulphate 

Calcium 

of 

hypo- 
chlorite 

Turbidity 

alumina 

Length 

Wash 

parts  per 

grs. 

grs. 

of  runs 

water 

million 

per  gal. 

per  gal. 

hrs.  min. 

pet. 

101 

.95 

.... 

1&-20 

2.0 

76 

1.05 

•   •   •   • 

12-20 

2.6 

52 

1.09 

•   ••  •  • 

13-29 

2.6 

42 

.84 

.025 

14-22 

2.4 

19 

.61 

.063 

18-40 

2.2 

32 

.95 

.070 

23-07 

2.3 

59 

.77 

.067 

.     21-64 

2.3 

56 

.79 

.069 

17-26 

2.9 

33 

.53 

.056 

20-17 

2.9 

85 

.69 

.064 

17-41 

8.2 

60 

.66 

.045 

16-39 

3.6 

56 


81 


057 


16-11 


2.6 


The  method  of  operating  was  as  follows:  The  water  is  pumped  to  the  settling 
basin,  capacity  4,000,000  gal.,  flows  by  gravity  to  th6  secondary  or  coagulation 
basins,  capacity  334,000  gal.  and  then  flows  by  gravity  to  the  12  filters  which 
are  of  the  American  gravity  type.  The  filtered  water  is  pumped  to  the  storage 
reservoir,  which  has  a  capacity  of  26,000,000  gal. 

Cost  of  Water  Purification  at  St.  Louis,  Mo. — (Engineering  and  Contract- 
ing, Sept.  8,  1920). 

During  the  fiscal  year  ending  April  1,  1920,  39,642  million  gallons  of  water 
were  pumped  into  the  basins.  To  this  amount  of  water  were  added  1,387 
tons  of  sulphate  of  iron  and  14,753  tons  of  lime,  or  an  average  of  0.49  grains 
per  gallon  of  the  former  chemical  and  5  21  grains  per  gallon  of  the  latter.  To 
the  39,092  millions  of  gallons  filtered  were  added  2,388  tons  of  sulphate  at 
alumina  and  120,187  lb.  of  chlorine,  or  an  average  of  0.86  grains  per  gallon  of 
the  sulphate  and  3.07  lb.  per  million  gallons  of  the  chlorine.  The  sulphate  ct 
ahimina  was  added  before,  and  the  chlorine  after,  filtration.  The  average 
cost  per  million  for  lime  was  $3.89;  for  sulphate  of  iron,  $0.67;  for  sulphate  of 
alumina,  $1.92  and  for  chlorine,  $0.29.  These  costs  are  for  chemicals  atone 
and  do  not  include  the  cost  of  handling  or  application.  A  comparison  of  the 
costs  of  the  various  parts  of  the  purification  work  done  during  the  past  five 
years,  based  on  the  quantity  of  water  delivered  to  consumers,  is  shown  in  the 
following  table: 
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Table  VIII. — Cost  per  Million  Gallons,  Based  on  Consumption 


Old  Plant 

Lime $ 

Iron 

Unloading 

Operating,  mainte- 
nance and  repairs. 

Water,  coal,  oil, 
etc 

Light  and  power . . . 

Chemical  work .... 

Basin  cleaning .... 

Basin  repairs 

>  Switching  and  de- 
murrage   


Nov.,  1915 
to 
1915-       April.         1916- 
1916         1916  1917 


.70 

42 

,08 

47 

.03 
07 
43 
14 
03 


SI.  61 
.64 
.07 

.51 

.04 
.07 
.49 
.08 
.03 


$  1.89 
.61 
.08 

.38 

.03 

.04 

.38 

.121 

.01 


1917- 
1918 

2.94 
.57 
.09 

.41 

.05 
.10 
.34 
.17 
.02 


1918- 
1919 

3.72 
.82 
.12 

.60 

.08 
.12 
.30 
.22 
.02 


1919- 
1920 

3.89 
.67 
.12 

.59 

.05 
.11 
.31 
.26 
.02 

.22 


0. 


76 
18 

83 


14 
14 


$0.79       f  1.13       $  1.37       $  1.92 
.14  .27  .31  .29 


Total  old  plant..    $  4.37       $3.54       $3.54       $  4.69       $  6.00       $  6.24 

Filters 

Aluminum   sul- 
phate     S 

Chlorine 

Operating,  mainte- 
nance and  repairs. 

Coal,      miscellaneous 
supplies    and    ex- 
penses   

Light  and  power . . . 

*  Switching  and  de- 
murrage   


$1.00 
.15 

.98 


.80 


77 


89 


.94 


.26 
.15 

.202 
.11 

.36 
.21 

.39 
.24 

.39 
.31 

.02 

$6. 

08 

$  5. 

,58 

$  7. 

,43 

$   9. 

,10 

$10 

.11 

13, 

,138 

35 

,633 

38 

,090 

36 

,840 

38 

.004 

$  4. 

49 

$  6. 

86 

$  8. 

75 

$10.03 

12. 
21. 

50 
00 

12. 
22. 

84 
25 

16. 
27. 

84 

60 
12^ 

18. 
30. 

48 

49 

•  •  « 

1  •  • 

09K 

Total $  6.42 

Total  consumption 
for  year  in  million 
gals 32.583 

Cost  of  Chemicals 

Lime,  per  ton,  av- 
erage 2  contracts.   $3.65 

Sulphate  of  iron, 
per  ton,  average .  .      10. 00 

Sulphate  of  alum- 
ina, per  ton,  aver- 
age  

Chlorine,  per 
pound 08 

'Water  used  in  basin  cleaning — Omitted  prior  to  1916. 
'  Water  used  in  filter  plant  operation — Omitted  prior  to  1916. 
•Switching  and  demurrage  in  years  1915  to  1918,  inclusive,  are  included  in 
operating,  maintenance,  repairs,  etc. 

The  complete  purification  system  was  not  in  use  until  October.  1915.  The 
beading,  November,  1915-April,  1916.  is  included  to  show  the  costs  of  purifica- 
tion after  the  system  was  completed.  The  figures  are  included  for  the  year  of 
1915-1916.  Under  the  head  of  lime,  iron,  sulphate  of  alumina  and  chlorine 
are  included  all  charges  connected  with  the  switching  of  these  materials  from 
the  interchange  tracks  at  Bissell's  Point  and  Humboldt  avenue  to  the  Chain  of 
Rocks.  The  sulphate  of  iron,  in  the  form  of  sugar  sulphate,  was  furnished  at 
$14.16  per  ton  after  Aug.  1,  1919.  The  price  of  $23.50  was  in  effect  prior  to 
that  date,  but  none  was  brought  under  that  contract  after  April  1,  1919. 
liquid  chlorine  cost  10.75  ct.  per  pound  until  Aug.  1  and  at  5  ct.  per  pound 
•Iter  that  date.  The  prices  given  are  f .  o.  b.  Niagara  Falls,  the  prices  delivered 
being  11.78  ct.  and  6.40  ct.  per  pound.     Sulphate  of  alumina  was  purchased 
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under  the  same  specifications  as  last  year.  Basic  sulphate  of  alumina  con- 
taining not  less  than  17  per  cent  of  available  water  soluble  alumina,  AlsOs. 
was  required,.  The  sulphate  was  supplied  from  April  1st  to  Sept.  15th  at  a 
price  of  $34.50  per  ton,  from  Dec.  15th  to  Jan.  1st  at  $30  per  ton  and  after 
that  date  at  $28.50  per  ton.  A  few  cars  furnished  during  September  cost  $23 
per  ton.  From  Oct.  1st  to  Dec.  15th  the  sulphate  of  alumina  was  supplied  at 
$30.90  a  ton.  Lime  was  purchased  under  a  specification  requiring  a  lime 
containing  85  per  cent  CaO  with  a  bonus  or  penalty  of  1>^  per  cent  of  the 
contract  price  for  each  per  cent  of  CaO  above  or  below  the  required  86  p«r 
cent.  All  lime  was  sampled  as  it  came  from  the  crusher  after  imloading  and 
these  samples,  together  with  the  samples  obtained  from  the  daily  supply 
hopper,  were  analyzed  in  the  laboratory.  Lime  was  supplied  at  a  price  of 
$9.30  a  ton  from  April  1st  to  Sept.  1st  at  $10.30  a  ton,  from  Sept.  1st  to  Feb.  Ist 
and  at  $11.30  a  ton  after  that  date.  The  above  notes  are  taken  from  the 
report  of  August  V.  Graf,  Chief  Chemist,  Filter  Plant,  as  embodied  in  the 
1920  annual  report  of  Edward  E.  Wall,  Water  Commissioner,  St.  Louis. 

Cost  of  Filtering  Water  at  Providence,  R.  I. — The  unit  costs  of  filtering  and 
pumping  water  at  the  Pettaconsett  slow  sand  filters  of  Providence,  R.  I.,  are 
given  by  Engineering  and  Contracting,  Oct.  10,  1917,  as  follows: 

Total  cost 

per  mil.  Pumping 
Pumping                                      gals,  to  wattf  to 

on  to  fil-  For  clean-  filter  Sockanoaset 

Year  ter  beds  ing  beds  water  reservoir 

1907 $3.28  $4.20  $7.48  $5.63 

1908 3.48  2.03  6.61  5.03 

1909 ^ 3.23  2.05  5.28  *    6.14 

1910 3.20  1.78  4.98  4.74 

1911 2.98  1.59  4.57  4.95 

1912 2.72  1.56  4.28  6.06 

1913 3.00  1.59  4.59  4.98 

1914 3.15  1.71  4.86  4.78 

1915 3.07  1.66  4.73  5.67 

1916 2.79  2.13  4.92  5.40 

With  the  exception  pf  1907,  when  open  filter  beds  were  used,  the  flguree  an 
for  operating  covered  beds.  In  1916  the  plant  consisted  of  10  filters  each  of 
which  was  in  service  for  from  7,969.5  to  8,216.0  hours;  8,101.9  being  the 
average  number  of  hours  in  service. 

The  beds  required  from  15  to  19  scrapings  during  year,  the  average  being 
17.3.  The  lengths  of  run  in  days  varied  from  2.3  minimum  to  59.3  maximum, 
the  average  being  19.5.  The  average  quantity  of  water  filtered  between 
scrapings  varied  from  35,890,000  to  47,080,000  gals.,  the  average  being  40,r 
020,000  gals.  The  average  quantity  of  water  filtered  per  day  varied  from 
2,010,000  to  2,070,000  gals.,  the  average  being  2,045,000. 

Cost  of  Operating  the  Purification  Plant  of  Wilmington,  DeL — ^Engineering 
and  Contracting,  Oct.  11,  1916,  gives  the  following: 

The  purification  plant  of  Wilmington,  Del.,  consists  of  preliminary  fllten* 
sedimentation  basins  and  final  filter.  The  water  flows  by  gravity  to  the  pro- 
liminary  filters,  of  which  there  are  10,  each  14K  X  100  ft.,  the  medium  hdag 
gravel,  coke  and  sponge,  through  which  the  water  passes  upward.  After tl|l 
water  has  passed  these  filters,  it  is  possible  to  treat  it  with  liquid  chlorine  | 
The  water  then  fiows  by  gravity  to  the  pumps,  from  whence  it  is  deUveni 
to  the  settling  reservoir.  The  settling  reservoir  has  a  capacity  of  36,OOO«O00 
gal.,  91H  per  cent  of  which  is  available.    From  the  settling  reservoir  the ' 
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flows  by  srravity  to  the  final  filters.  The  final  filters  are  regular  English 
slow  sand  units.  There  are  six  of  these  units,  each  364  X  40  ft.  The  water 
after  passing  these  filters  is  treated  with  liquid  chlorine  before  entering  the 
mains.     The  water  flows  by  gravity  to  the  consumers. 

The  following  figures  on  the  operation  of  the  plant  are  taken  from  the 
umual  report  of  Edgar  M.  Hoopes,  Jr.,  Chief  Engineer  of  the  Water  Depart- 
ment, for  the  fiscal  year  ending  June  30,  1915. 

The  total  quantity  of  water  delivered  to  the  slow  sand  filters  was  3,518,- 
990,000  gal.  (36-in.  Venturl  meter  registration)  of  which  8,400,000  gal.  or 
0.24  per  cent  was  consumed  in  washing  the  sand  beds.  The  remainder  of 
3,510,590,000  gal.  is  the  net  amount  delivered  to  consumers.  The  total 
quantity  of  water  delivered  from  the  preliminary  filters  was  3,551,373.390 
•  gal.,  or  about  40,000,000  gal.  more  than  was  actually  distributed.  This 
amount  represents  the  difference  in  water  stored  at  Porter  Reservoir  at  the 
beginning  and  end  of  the  year  as  well  as  leakage  in  the  forcing  main  between 
the  pumping  station  and  reservoir. 

At  the  slow  sand,  or  final  filters,  the  average  rate  of  filtration  was  4.900,000 

gal.  per  acre  per  day,  and  the  time  of  beds  out  of  service  for  washing  or  raking 

13.78  per  cent.    The  average  time  out  of  service  for  each  bed  was  2.3  per  cent. 

The  total  number  of  gallons  of  water  treated  with  liquid  chlorine  was 

2,869,410,000  or  about  84.2  per  cent  of  the  amount  actually  distributed  to 

consumers.    The  actual  time  during  which  this  treatment  was  applied  was 

,    308  days  or  84.2  per  cent  of  the  year.    For  this  purpose  3,842.5  lb.  of  chlorine 

were  consumed — equivalent  to  1.343  lb.  of  gas  per  million  gallons  of  water 

treated.    The  total  quantity  of  water  used  for  absorbing  this  gas  prior  to 

treatment  was  347,089  gal.,  or  1  lb.  of  chlorine  to  750  lb.  of  water.    A  subdi- 

^on  of  operating  expenses  is  given  in  the  following  table — interest  on  plant 

,    investment  or  depreciation  not  being  included. 

Slow  Sand  Filtration  (3,510,590.000  Gal.) 

Per 
Total  1,000.000  gal 

Salaries $1,578  $0,449 

Labor 349  .099 

a--*      Dupplies 582  .163 

1  of      ^t  and  power 620  .176 

r>*      fepairs  and  renewals  to  equipment 297  .  084 

^«     Mttcellaneous 535  .152 


*1E£ 


u*^' 


Total $3,961  $1,123 

Preliminary  Filtration  (3,551,373.390  gal.) 

reeE;   Salaries $1,293  $0. 364 

40     Jabor 11  .003 

,,_,;  jnppKea 101  .028 

^^* ;   **P«ir8  and  renewals  to  equipment 31  .  008 

;  mx  and  power 166  .046 

?ri?    «Mcellaneou8 60  .016 

Total $1,661  $0,465 

^'  Laboratory  (3,551.373,390  gal.) 

Li  Salaries $1,516  $0,426 

•^1  Ubor: 299  .084 

rtft/   SappKes 143  .040 

riatf    JI^Mirs and  renewals  to  equipment 6  .  002 

g.J   MicellaneouB 313  .088 

M      Total $2,277  $0,640 

at»i 
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Cost  of  Philadelphia  Water-Filter  Operations. — The  following  data  an 
taken  from  Engineering  News,  March  25,  1915. 

Table  IX. — Opebatino  Data  or  Slow  Saio)  Filtbbs  at  Philadklphia,  1914 

Name  of  plant — 

Upper       Lower 
Torres-     Queen  Rox-  Box- 

Item  dale  Lane     Belmont    borough    borough 

Cost  per  mil.  gals $  2.23     S     2. 65     $  3. 62       $  3. 02       $  5.10 

Rate  per  acre  per  day: 

Av.  entire  area 3.  668         3. 054         2. 977         2. 287         8.478 

Max.  area  in  service 4. 761         4. 224         4. 159         3. 615         5. 581 

Av.    no.    of    cleanings    per 

filter 4.60  1.86  7.12  6.00         10.6 

Av.  days  in  service  between 

cleanings 73.04       201.33         48.43         58.36         33.44 

Av.     no.    rakings    between 

cleanings 2.00  1.68  0.37  0.19  0.09 

Operating  Costs  of  Water  Softening  and  Purification  Plant  at  McKeespoct* 
Pa. — The  following  data  are  taken  from  an  abstract  published  in  Engineering 
and  Contracting,  May  11,  1910,  of  a  paper  by  Alexander  Potter  read  at  the 
annual  convention  of  the  American  Water  Works  Association,  April,  1910. 

The  water  treated  is  of  a  variable  character  which  condition  requiree  the 
greatest  care  and  watchfulness  on  the  part  of  the  employees  of  tb» 
plant. 

The  variable  character  of  the  water  is  indicated  by  the  fact  that  the  witflT 
has  jumped  from  a  hardness  of  110  at  4  o'clock  in  the  morning  to  a  bawina—  c0 
510  four  or  five  hours  later,  and  from  an  acidity  of  30  up  to  an  acidity  of  2lO 
during  the  same  period. 

The  McKeesport  plant  was  fully  described  by  the  author  in  a  papa*  imm^ 
before  the  Engineer's  Society  of.  Pennsylvania,  and  appears  fully  illustntei^ 
in  their  Journal  for  April,  1909.  Novel  features  of  the  plant  which  might  b^ 
mentioned,  and  which  a  year  and  a  half  of  operation  have  given  a  suffldeiB-'^ 
test,  are  as  follows: 

The  method  of  cleaning  the  settling  tanks  without  emptying  them  or 
fering  in  any  way  with  the  continuous  operation  of  the  plant.    Carrien 
built  under  the  floor  of  the  settling  tanks.    The  carriers  in  each  of  the  fotf 
tanks  are  divided  into  four  zones.     Small  circular  holes  H-in.  in  ilninntiTr  ,■> 
spaced  4  ft.  apart,  connect  the  bottom  of  the  tanks  with  the  carriers.    The  onl'  \' 
let  end  of  each  set  of  carriers  is  controlled  by  a  valve.    In  cleaning  the  tMuAM* 
the  valve  controlling  each  zone  is  kept  open  until  the  precipitated  a6li6»  tffj 
removed,  and  the  water  runs  free  from  sludge.    The  amount  of  water  luedli 
cleaning  the  settling  tanks  and  baffling  tank  is  approximately  1,700  gaJs.  V0 
day  for  each  degree  of  hardness  in  the  water. 

Another  novel  feature  in  the  plant  is  the  economic  use  of  wash  water.    TtB*^ 
entire  machinery  is  operated  by  a  water  motor  on  the  top  floor  of  the  softeollf  ■ 
building.     The  waste  water  from  the  motor  enters  the  wash  water  basin  for  t|i| 
fllters.    This  water,  charged  against  the  plant  as  power,  should  not  be, 
as  wash  water,  thus  effecting  a  substantial  saving.    The  amount  of 
water  shown  in  the  annexed  table  is,  however,  the  actual  amount  of  water 
in  washing  the  filters,  and  amounts  to  0.72  per  cent  cH  the  total 
pumped. 
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character  of  the  MeKeesport  water  is  so  unusual  that  tables  of  cost  of 
ion  are  apt  to  be  misleading  to  other  municipalities,  because  the  persons 
;  data  of  cost  and  practicability  of  water  softening  are  apt  to  be  swayed 
sly  in  their  opinions  by  applying  to  their  own  cases  the  costs  of  producing 
ned  water  at  other  places,  as  for  instance  at  MeKeesport,  without 
into  consideration  the  possible  differences  in  conditions  between  the 
Ai  be  dealt  with  at  different  places. 

only  fair  way  to  analyze  the  cost  of  any  particular  plant  is  to  weight 
ereof  against  the  benefits  to  be  derived  therefrom.  Bearing  this  in 
we  have  on  the  one  hand  to  consider,  (a)  first  cost  of  plant ;  (fr)  cost 
lution.  As  against  this  we  must  also  consider,  (c)  the  improvement  in 
ter;  (d)  the  decrease  in  operating  expenses  of  the  plant;  (e)  decrease  in 
nd  tear  upon  the  plant;  (/)  decrease  in  plumbing  biUs  paid  directly  by 
>  citizens;  (g)  the  decrease  in  the  cost  of  soap;  (h)  lengthening  the 
»f  linens,  fiannels,  and  other  fabrics;  and  (i)  increase  in  the  length  of 
t>oilers. 

ng  the  case  of  MeKeesport,  the  annual  interest  on  the  cost  of  construe- 
approximately  $10,000. 
cost  of  operation  for  one  year  is  $30,700. 

total  cost  of  producing  4,000,000  gallons  of  softened  filtered  water  a  day 
TOO  per  annum. 

nst  this  we  have  the  fc^owing  saving. 

9  the  softening  plant  has  been  installed,  the  Water  Department  has 
)ed  with  a  number  of  its  employes  engaged  on  repaving  curb  connections 
wages,  according  to  the  president  of  the  board  of  water  commissioners, 
ted  to  $15,000. 

private  consumers  expended  annually  in  maintaining  their  plumbing 
9  over  $35,000. 

B  the  softening  pluit  has  been  installed,  only  72  per  cent  of  the  water 
isly  required  is  now  pumped,  thus  making  a  reduction  in  the  coal  con- 
on  of  $6,090  per  annum. 

reduction  in  repairs  of  plant  amounts  to  $3,000  a  year. 
Q  the  best  evidence  obtainable,  the  saving  in  soap  and  soap  compoimds 
mounts  to  over  $10,000  a  year,  and  the  saving  in  the  wear  and  tear  in 
g  of  fabrics  of  all  kinds  can  be  set  down  at  $20,000  a  year, 
marizing  these,  we  have,  on  the  one  hand,  an  added  cost  of  treating  the 
of  $40,700;  and,  on  the  other  a  saving,  as  enumerated  above,  of 
). 

balance  sheet  shows  that  the  introduction  of  the  water  softening  plant 
city  of  MeKeesport,  instead  of  being  an  added  burden  to  the  people, 
•ved  to  be  a  saving  of  $48,390  per  annum. 

side  Ught  upon  the  saving  effected  in  the  MeKeesport  plant,  it  may  be 
that,  before  the  water  softening  plant  was  put  into  commission,  about 
imbers  were  at  work  in  the  city.  Out  of  this  number,  only  46  were 
a  months  after  the  plant  was  put  in  operation, 
nverage  amoimt  of  chemicals  used  and  cost  of  treating  the  water  from 
309  to  March,  1910  was  as  follows: 
12 
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er  No.  3. — Commenced  deaning  Aug.  5,  1909.  Finished  cleaning  Aug. 
K)9.    Cleaned  entirely  by  Nichols  separators. 

rked  24  hours  a  day  in  ttiree  8-hour  shifts.  Cleaned  and  replaced  3,213 
Is.  Labor  cost,  $723.10.  Cost  per  cubic  yard,  22.5  cts. 
er  No.  6. — Commenced  cleaning  Aug.  14,  1909.  Finished  cleaning 
8,  1909.  Cleaned  entirely  by  Nichols  separators.  Worked  24  hours  a 
1  three  8-hour  shifts.  Cleaned  and  replaced  3,230  cu.  yds.  Labor  cost, 
r4.     Cost  per  cubic  yard,  21.57  cts. 

er  No.  1. — Commenced  cleanings  Sept.  10,  1909.     Finished  cleaning 
25,  1909.    Cleaned  entirely  by  Nichols  separators.     Worked  24  hours 
in  three  8-hour  shifts.    Cleaned  and  replaced  3,325  cu.  yds.    Labor 
1711.40.    Cost  per  cubic  yard,  21.39  cts. 

3  following  is  a  record  of  24  hours'  work  in  Filter  No.  3;  water  pressure 
I.  per  sq.  in.;  water  used,  47,080  cu.  ft.,  or  1,744  cu.  yds.,  which  for  a  total 
i  cu.  yds.  of  sand  washed  was  a  rate  of  say  7H  cu.  yds.  of  water  per  cubic 
of  sand.  The  amount  of  sand  lost  was  3  cu.  yds.,  or  1.33  per  cent.  The 
vas  as  follows: 

24  hrs.  foreman  at  ZIH  cts $  7  .50 

192  hrs.  labor  at  22^  cts. 43  .20 

Total $50 .70 

is  gives  for  225  cu.  yds.  a  cost  of  22.53  cts.  per  cu.  yd. 
ae  Studies  in  Connection  With  the  Cleaning  of  Filter  Sand  at  Phila- 
da. — The  following  matter  Is  taken  from  an  abstract  in  Engineering  and 
racting,  Dec.  23, 1914,  of  a  paper  before  the  American  Society  of  Mechan- 
Dngineers  by  Sanford  E.  Thompson. 

Madelphia  has  five  large  filtration  plants  consisting  of  covered  reseivoirs 
ited  by  slow  sand  filtration.  The  water  pumped  into  the  reservoir  from 
kshuylkill  and  the  Delaware  Rivers,  after  passing  through  the  pre-fllters, 
tlates  through  about  4  ft.  of  sand  and  gravel  and  is  thus  purified.  The 
rities  are  caught  largely  in  the  upper  few  inches  of  sand,  so  that  if  this 
r  portion  is  washed  the  filtration  area  is  practically  renewed.  Several 
ods  of  cleaning  filter  sands  are  in  use,  all  of  them  involving  considerable 
lal  labor.  Further  details  of  the  methods  followed  in  the  case  under 
vation  are  referred  to  below. 

wUs. — ^The  object  of  the  plan  has  been  to  lay  out  the  work  of  each  gang 
31  so  as  to  increase  the  effectiveness  of  the  plant  and  provide  a  definite 

0  be  accomplished  in  a  day.  The  results  of  the  plan  which  is  being  put 
iperation  are  as  follows: 

tation  of  cleaning  the  filters  is  planned  in  advance  by  well-defined  rule. 
efinite  area  of  sand  to  clean  is  assigned  to  each  gang,  this  area  depending 
the  depth  of  cleaning  necessary, 
s  setting  of  tasks  has  increased  output  of  each  gang  15  per  cent  and  this 

1  be  further  increased  to  at  least  25  per  cent. 

urate  records  are  kept,  showing  the  time  consumed  by  each  gang. 

it  accounts,  as  well  as  pay-roll,  are  made  up  from  the  time  tickets  fur- 

I  to  the  men.  x 

ig  leaders  are  required  to  pay  closer  attention  to  their  duties. 

>roved  apparatus  and  machinery  are  under  consideration. 

thods  of  determining  depths  of  sand  to  clean  are  being  standardized. 
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Obstacles. — The  greatest  obstacle  encountered  has  been  the  city  ordinaDoe 
fixing  the  rate  of  pay  of  unskilled  laborers  on  a  level  wage  per  day  regardless  of 
the  quality  of  the  workman  or  the  amount  of  work  he  is  able  to  acoompUdL 
While  in  city  government  strict  regulation  is  necessary,  a  plan  such  as  JJB 
followed  in  Chicago,  where  the  employes  in  each  department  are  definitdy 
graded,  with  different  wages  for  each  grade,  provides  a  means  for  rewaiding  ft 
man  according  to  his  ability  and  giving  a  city  good  value  for  money  expended. 
The  Philadelptiia  ordinances  prevent  the  payment  of  a  bonus  and  thus  nutka 
it  difficult  to  encourage  the  men  to  accomplish  the  tasks  assigned  them. 

Method  of  Cleaning. — In  the  filtration  plant  first  handled  by  the  new  method 
there  are  65  filters,  employing  about  128  men  for  cleaning.  Each  fiUtO'  it 
about  140  ft.  wide  by  250  ft.  long,  and  is  built  with  groined  arch  bottom  and 
roof,  having  columns  about  16  ft.  on  centers. 

The  NichoLs  method  of  washing  is  used  in  this  plant.  In  this  method  tbe 
dirty  sand  from  the  surface  of  the  bed  to  a  depth  specified  is  shoveled  to  aa 
ejector,  furnishing  water  under  about  85  to  100  lbs.  pressure,  which  foroes  it 
through  a  large  hose  into  the  separator,  which  is  a  cylindrical  iron  tank  pio- 
vided  with  a  concentric  baffle  about  6  or  8  ins.  from  the  outside  shell.  The 
water  and  sand  swirl  around  this,  the  clean  sand  settling  in  the  conical  bottom 
and  passing  out  through  a  2-in.  hose  below.  The  dirty  water  passes  under  the 
baffle  and  out  of  the  top  of  the  tank,  whence  it  passes  out  of  the  bed  throu^a 
hose  and  pipe  to  sewer. 

From  the  separator  the  sand  is  returned  by  the  hose  to  the  bed,  where  it  ii 
properly  distributed  and  leveled.  Sometimes,  according  to  conditions.  tlM 
dirty  sand  is  shoveled  direct  to  the  hopper  of  the  ejector,  and  in  other  caaei  ii 
scraped  and  piled  from  the  first  and  one-half  the  third  bay  into  the  aeead 
line  of  bays;  from  the  other  half  of  the  third  and  one-half  the  fifth  line  of  tM|i 
into  the  fourth  line  of  bays ;  and  so  on,  to  include  the  ninth  bay.  This  scnP' 
ing  and  piling  is  done  usually  as  an  independent  operation  by  old  men  unfit  M 
harder  work. 

Four  washing  gangs  are  required  for  each  filter  bed,  the  outside  gangs  havM 
2>2  bays  each  and  the  inside  gangs  having  2  bays  to  clean.  In  each  gang  thst 
are  3  shovelers  to  a  hopper,  2  men  shoveling  at  a  time  while  <me  rests.  EaA 
man  shovels  40  minutes  and  then  rests  20  minutes.  The  fourth  man  tabi 
care  of  the  hose  from  the  separator  distributing  the  clean  sand  to  the  btd- 
A  fifth  man,  recently  introduced,  working  with  2  gangs, 

Unit  Times. — Time  studies  were  made  by  the  aid  of  the  stop  watch  on  tki 
labor  operations  in  the  beds,  such  as  shoveling  dirty  sand  to  hopper,  ploanfrf 
up  around  hopper,  moving  hopper,  moving  separator,  and  moving  track* 
The.se  times  for  individual  operations  were  then  converted  for  direct  uaa  lili 
the  time  per  cubic  yard  for  1  in.  of  depth. 

Studies  were  also  made  on  the  rate  of  delivery  of  sand  from  separator  and  tfei 
effect  of  opening  and  closing  the  separator  on  the  rate  of  shoveling.  DIffenaft 
methods  of  handling  the  ejectors  were  also  included  in  the  investigation. 

The  object  of  the  time  studies  was  to  find  the  time  of  each  individual 
tion,  so  that  imnecessary  operations  could  be  eliminated  and  the  unit 
of  the  necessary  operations  could  be  combined  to  apply  to  all  tnnAMttt 
Over-all  time  records  are  of  no  use  whatever,  because,  for  ezamide.  with  aarfi 
change  in  depth  of  shoveling,  the  number  of  moves  of  the  hopper  and  cC  tti 
separator  vary. 

The  unit  times  for  the  individual  operations  were  determined  by  the 
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lumber  of  time  studies  in  such  a  way  as  to  eliminate  ail  unnecessary 
it  with  a  sufficient  allowance  for  resting  and  delays  which  were 
le.    The  unit  times  obtained  are  given  in  Table  X. 

—Unit  Timss  fob  Vabious  OpebationSi  in  Cleaning  Filteb  Sand 

Unit  time  per  Time  per  cu.  yd. 
operation,       per  1-in.  depth, 
iTstion  min.  min. 

•pper 0.20  0.34 

parator 0.50  0.45 

•pper  hose 0. 25  0. 11 

ick 0.83  0.44 

r  hopper  to  empty 0. 42  0 .  38 

eesure  hose 1 .  80  0. 36 

necessary  rest .    .  .  0. 12 

to  hopper ....  6. 32 

e  given  in  each  case  is  that  for  the  gang,  since  it  was  necessary  on 
to  set  a  task  for  the  entire  gang  instead  of  starting  the  individual 
is  always  best  to  do  when  possible.  The  time  of  shoveling  into  the 
in  each  case  based  on  the  pate  of  output  that  the  ejectors  will  take 
t  was  found  that  one  man,  instead  of  two,  could  very  nearly  produce 
Ml  output,  but  this  would  have  lengthened  the  time  of  cleaning  so  as 
visable.  For  example,  with  one  man  shoveling,  the  shoveling  time 
srard  is  8.8  minutes  with  a  1-in.  depth,  and  6.75  minutes  per  cubic 
I  the  depth  is  18  ins.  These  studies  indicate  therefore  that  further 
lecessary  in  the  method  of  operation  so  as  to  increase  the  output  of 
*  and  separator  in  order  to  obtain  the  full  value  of  the  labor  of  the 

ion  to  the  time  studies  on  the  work  of  the  laborers  in  the  filters,  time 
ire  also  made  on  the  clerical  work,  such  as  making  out  tickets, 
bulletin  board,  extending  time  on  tickets,  entering  time  on  various 
id  checking  up  the  payroll  in  order  to  distribute  the  work  equally 
J  force  employed  to  carry  it  on. 

Tasks. — Having  determined  the  unit  times  and  established  the 
routing  and  giving  out  of  tickets,  the  area  of  surface  that  should 
d  by  each  grang  was  figured  and  the  point  to  which  they  were  sup- 
o  in  a  days'  work  was  masked  with  a  fiag.  In  order  to  fix  this,  it  is 
to  determine  in  advance  by  test  holes  the  depth  which  should  be 
guring  the  area  from  the  volume  at  the  required  depth.  Curves 
plotted,  giving  areas  or  rather  distances  to  clean  for  the  outside  and 
gs  for  various  depths.  These  distances  are  converted  into  pier 
90  many  feet  in  front  or  back  of  pier  number  so  and  so.  The  actual 
tied  each  day  is  reported  at  the  office  and  the  mark  for  the  following 
ated  therefrom. 

first  two  days,  after  everything  was  ready,  no  instructions  were 
gang  leader  or  the  men  as  to  how  much  they  were  expected  to  do. 
irea  shoveled  by  each  gang,  however,  was  noted,  and  compared  with 
ley  should  have  accomplished.  Every  gang  shoveled  less  than  the 
ja,  the  amount  running  from  10 ^^  per  cent  less  to  31H  per  cent  less, 
second  day's  work  we  concentrated  on  E-1  gang,  since  it  is  always 
In  order  to  avoid  friction  to  work  with  a  single  man  or  a  single  gang, 
ut  in  advance  the  amount  this  gang  should  accomplish  in  a  day  by 
lag  at  the  point  which  marked  the  end  of  the  day's  work.     As  a 
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result,  they  readily  accomplished  the  task  and  reached  the  mark.    The  task 
setting  was  then  extended  to  other  gangs.' 

One  rather  interesting  point  came  up  in  connection  with  the  hanrfnng  of  the 
work  at  first.  The  men  in  the  outside  bays  had  to  shovel  about  7  per  cent 
more  sand  than  those  in  the  inside  bays  because  the  areas  were  wider;  never- 
the  less,  all  gangs  had  been  accustomed  to  keep  abreast,  the  men  who  had 
the  narrower  width  to  handle  slowing  up  to  accommodate  their  speed  to  the 
outside  men.  When  the  men  began  working  by  the  task,  the  operation 
was  somewhat  similar,  except  in  the  other  direction,  until  the  men  realized 
the  difference.  The  inside  men,  because  of  the  narrower  width,  were  i^iven 
the  longer  area  to  cover  and  gaged  their  speed  to  accomplish  their  task.  The 
outside  men,  although  shoveling  a  greater  width  kept  abreast  with  them  with- 
out special  trouble,  thus  exceeding  their  task. 

Accomplishmenta. — The  rates  were  set  on  the  basis  of  a  fair  day's  woric 
which  should  be  accomplished  with  a  first-class  foreman  and  with  no  incen- 
tive to  the  laborers.  Because  of  this  absence  of  incentive  the  work  actually 
done  averages  considerably  less  than  the  actual  tasks. 

To  compare  the  amount  of  work  accomplished  before  and  after  setting 
tasks  the  records  were  averaged  of  27  cleanings  taken  at  random  from  a  period 
of  IH  years  previous  to  the  introduction  of  the  new  methods.  These  showed 
an  average  rate  of  6.3  cu.  yds.  shoveled  per  day  per  gang.  An  averse  of  65 
cleanings  after  task  work  was  started  gave  7.2  cu.  yds.  per  day,  an  Increase  of 
nearly  15  per  cent.  This  increase,  however,  was  less  than  half  of  what  it 
should  have  been,  the  figured  rate  being  8.4  cu.  yds.  per  day.  Although  tba 
15  per  cent  increase  was  well  worth  accomplishing,  our  tests  showed  positivdy 
that  the  larger  increase  of  over  30  per  cent  should  readily  be  accomplished  witii 
first-class  supervision.  One  plan  considered  as  a  partial  incentive  is  a  reoofd 
card  for  each  man  showing  hLs  output  and  thus  indicating  his  relative  rank  as 
a  workman.  The  rank  of  a  man  would  influence  the  lasring  off  if  work  is  slack 
or,  on  the  other  hand,  if  a  man  is  required  for  a  higher  position,  this  lankiDf 
would  be  taken  into  account.  If  it  had  been  possible  to  pay  an  actual  money 
bonus,  the  task  would  have  been  set  still  higher  and  the  output  would  have 
been  increased  about  50  per  cent. 

As  the  work  on  the  filter  management  was  getting  under  way,  drcumstaiioas 
called  the  men  in  charge  to  other  locations  in  the  city  temporarily.  Qoliv 
back  to  the  job  and  making  further  studies,  it  was  found  that  time  had  been. 
lost:  (a)  by  not  throttling  down  the  separator  so  as  to  make  it  run  ccmtin- 
uously  and  thus  deliver  its  full  output ;  (6)  by  unnecessary  throttling  of  tha 
hopper  and  cleaning  up  ahead  before  moving  hopper  to  next  portion  of  pUe; 
(c)  by  not  keeping  spray  open  to  fullest  capacity.  It  was  noticed  whenever 
the  gang  was  watched  closely  that  they  accomplished  their  task  without  any 
difficulty. 

Apparatus. — The  studies,  as  is  always  the  case  where  thorough  investiga-- 
tions  are  made,  indicated  a  number  of  changes  advisable  in  the  apparatus  and 
methods  of  handling  it.  It  was  found  that  the  line  of  piping  for  the  watir 
used  under  pressure  were  poorly  arranged,  so  as  to  require  in  certain  cuns 
long  lengths  of  hose  and  a  consequent  deduction  in  pressure  which  laifely 
increased  labor  costs.  In  other  cases  certain  pipe  lines  had  to  be  moYWl 
from  bed  to  bed  during  the  oi)eration  of  cleaning.  The  studies  have  staoim 
that  a  mechanical  washing  device  probably  can  be  devised  which  will  greatly 
reduce  the  cost  of  cleaning. 

Even  with  the  present  apparatus  the  method  of  handUng  the 
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nncan  ba  conxldenbly  Improved  and  tbe  cost  of  tbli  quickly  inul«  up 

idgn  of  tbe  tuvq>«R  and  sepanton,  as  already  stated,  could  be 
BO  that  ther  would  handle  just  tbe  right  amount  ol  material  tbat  a 
readily  shovd.  Tbe  preBcot  output  La  limited  hj  tbe  deslf^n  of  the 
id  ejector, 

Cleanlog  SettUnc  Taoka  by  Peifoiated  Underdiaini. — Tbe  fidlawit« 
taken  from  an  abstract  of  &  paper  by  Alexander  Potter  presented  at 
Annual  Convention  ol  tbe  American  Society  of  Municipal  Improve- 
d  published  in  Engineering  and  Contracting,  Oct.  11.  19ia. 
jee  Staling  Bonn. — Tbe  Muskogee  settling  basin  Is  constructed  of 
1  concrete.    It  is  212  ft.  square  and  19,5  ft.  deep.    Wben  OUed  to  ■ 


18  ft.  Its  capacity  is  fl,000,IXK)  gal.  A  reinforced  concrete  curtain 
1.  tbick,  supported  by  buttresses  at'intetvals  of  12  ft.,  divides  the 
0  two  compartments.  The  first  and  smaller  of  these  compartments, 
ide  and  212  ft,  long  (about  one-quarter  of  tbe  basin),  has  its  bottom 
d  and  underdralned  foe  sludge  removal.  To  underdrain  the  larger 
nent  was  not  considered  advisable,  first,  because  o(  the  eipense  and, 
lased  upon  tbe  esperlence  in  other  plants  where  the  writer  adopted 
lod,  it  was  not  considered  necessary  because  ot  the  relatively  small 
Of  suspended  matter  which  eiperience  Indicated  would  settle  out  in 
>artment.     Tbree  and  a  hall  yean'  continuous  operation  shows  It  to 
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average  about  1.3  per  cent  as  opposed  to  98.7  per  cent  removed  over  the 
area  with  the  perforated  bottom.  • 

Fig.  8  is  a  section  of  the  Muskogee  settling  basin  taken  parallel  to  the  direc- 
tion of  flow.  The  raw  water,  treated  with  sulphate  of  iron  and  hydrated  lime 
at  the  average  rate  of  1  and  2>^  grains  per  gal.,  respectively,  enters  the  settling 
basin  at  the  left  through  the  distributing  trough.  From  the  distributing 
trough  the  water  is  admitted  to  the  first  compartment  of  the  basin  through  32 
8-in.  circular  openings.  A  vertical  concrete  ba£9e  wall,  4  in.  thick,  constructed 
directly  in  front  of  these  openings,  tends  to  arrest  all  eddy  and  vortex  motion 
and  at  the  same  time  deflects  the  incoming  water  downward. 

The  partially  settled  water  passes  from  the  first  to  the  second  compartment 
over  a  submerged  weir  formed  by  the  curtain  wall.  The  crest  of  this  sub- 
merged weir  is  about  6  in.  below  the  average  water  level  maintained  in  the  tank. 
To  assist  in  arresting  vortex  motion  set  up  in  the  water  as  it  passes  over  the 
submerged  weir,  a  4-in.  stilling  wall  has  been  placed  in  front  of  it.  The 
settled  water  is  drawn  off  into  the  collecting  channel  over  a  series  of  wein. 
The  water  level  in  the  basin  operated  varies  between  elevation  527.6  and 
528.0. 

To  remove  the  sludge  from  the  first  compartment,  3-in.  bell-and-spigot 
vitrified-stoneware  drain-pipes  have  been  laid  in  the  concrete  floor,  which  is 
9  in.  thick.  These  drain-pipes  are  arranged  in  parallel  rows  27.5-in.  centen 
in  five  distinct  zones.  These  zones  are  laid  out  with  the  view  of  having  the 
sludge  deposited  uniformly  over  the  area  of  any  one  zone.  Each  zone  con- 
sists of  a  main  collecting  channel  8  in.  wide  and  4  in.  deep  into  which  the  3-in. 
under-dralns  discharge.  The  3-in.  under-drains  are  made  up  in  2-ft.  length! 
and  each  length  is  perforated  with  one  circular  hole  Me  in.  in  diameter.  Tlie 
cover  plates  of  the  main  collecting  channel  are  perforated  with  H-in.  circular 
holes  spaced  13^  in.  centers  Twelve-inch  cast  iron  pipes  convey  the  sludge 
from  the  various  zones  to  the  sludge  well.  Tributary  to  each  zone  are  815 
holes  or  perforations  Me  in.  in  diameter,  and  180  perforations  H  hi.  in. 
diameter,  giving  a  total  area  of  113.4  sq.  In. — ^practically  the  same  as  th» 
area  of  a  12-in.  outlet  pipe. 

Operating  Results. — The  plant  treats  an  average  of  3,000,000  gal.  per  day. 
The  total  solids  in  the  raw  water,  which  is  taken  from  the  Grand  River,  avenifCP 
451  parts  per  million.  This  is  increavsed  by  64  parts  per  million  by  tta» 
hydrated  lime  and  sulphate  of  iron  applied  to  the  water  before  it  enters  th^ 
settling  basin.  Of  the  total  solids  in  the  water  after  being  treated  with  tb» 
chemicals,  44  parts  per  milHon  settle  out  in  the  mixing  chambers  and  difl^ 
tributing  troughs,  307  parts  per  million  in  the  first  compartment,  i.  e.,  th» 
first  quarter  of  the  settling  basin,  and  only  about  4  parts  per  million  In  thi» 
second  compartment. 

The  following  table  gives  the  most  important  facts  relative  to  tiie  operatioiL 
of  the  sludge  removal  system  at  Muskogee. 

Average  total  weight  of  dry  solids  removed  daily  by  underdralns  in  the 

form  of  sludge,  lbs 7,600 

Average  water  content  of  sludge  as  discharged  through  blow-off  valves, 

per  cent 08. 7 

Total  quantity  of  sludge  water  discharged  at  one  operation,  gal 70,0QQ 

Ratio  of  blow-ofT  water  to  total  water  treated,  per  cent 2. 81 

Effective  hydrostatic  head  for  sludge  removal,  feet 90.  B 

Average  velocity  through  underdrain  perforations,  feet  per  see 20.4 

Lose  of  hydrostatic  head  through  perforations,  26.3%  of  total  head,  feet  5.4 

Hydrostatic  losses  in  underdrain  system,  21  %  of  total  head,  feet 4.8 

Velocity  head  lost  at  discharge,  52. 7  %  of  total  head,  feet 10.1 


i 
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Itulge  Removal. — The  total  cost  of  constructing  the  sludge  removal 
ihe  Muskogee  settling  basin  over  and  above  the  cost  of  constructing 
i  of  similar  shape  and  size,  and  including  aU  piping,  valves,  sludge 
tc,  was  $3,570.  This  is  at  the  rate  of  32.5  ct.  per  square  foot  of 
lerdrained.  The  average  annual  cost  of  operating  and  maintaining 
:-emoval  system,  including  all  fixed  charges,  amounts  to  $523,  and 
us  follows: 

I  depreciation,  8  %  on  $3,570 $286 

)  blow-off  water  lost,  25,500,000  gallons  raised  70  feet  at  $6  per 

leluding  fixed  charges) 153 

rous  sulphate  lost  with  blow-off  water  at  1.15  ct.  per  \h 53 

drated  hme  lost  with  blow-off  water  at  0.005  ct.  per  lb 47 

and  supplies 34 

I  annual  cost $573 

.ntity  of  water  treated.  1,970,000,000  gal. 
adge  removal  per  1,000,000  gal.  of  treated  water,  $0.29. 
dry  solid  matter  removed  in  one  year,  1,404  tons. 
;on  of  dry  solid  matter  removed,  $0.41. 

e  costs  of  sludge  removal  compare  most  favorably  with  the  cost  of 
val  as  practiced  on  a  large  scale  at  St.  Louis,  Nashville  and  Kansas 
costs  of  removing  sludge  given  in  the  following  table  are  taken 
unicipal  records,  which,  unfortunately,  are  not  complete  in  that 
ve  the  cost  of  labor,  making  no  charge  whatever  for  water  lost  and 
ling  out  the  basin.  A  fair  allowance  has  been  made  in  these  costs 
asted  and  used  for  flushing  purposes,  and  as  corrected,  the  data 
tly  accurate  for  purposes  of  comparison. 


-Cost  op  Removing  Sludqe  from  Settling  Basins. — (Exclubivb 

OF  Fixed  Charges.  ) 


City  Year 

Okla 1913-1916 

•t,  Pa 1908-1913 

n 1907 

!o.: 

n 1908 

n 1909 

n 1910 

int  basin 1908 

rage  reservoir 1908 

enn 1908 

basins  have  underdrainage  systems 
sts  only. 


Water 
treated 
(mil.  gal.) 

3,210 

8,890 
28,048 


29,156 
34,201 
33,910 


Sludge 
removed 
(cu.  yd.) 

21,903 

96,000 

114,256 

135,108 
129,035 
182,500 

4,000 
700 

4,500 


Coat 

per  cu.  yd. 

of  sludge 

removed 

$0. 0469 
0. 0325 
0.043 

0.048 

0.051 

0.045 
to.  133 
to. 213 
to. 359 


lis  it  appeared  to  have  been  the  practice  of  lengthening  the  period 
h  a  settling  basin  may  be  kept  in  service  by  opening  the  mud 
n.  daily  for  a  period  of  about  an  hour,  or  until  the  effluent  is  com- 
pear. None  of  this  flushing  water  has  been  charged  up  against 
udge  removal.  It  is  estimated  that  during  the  year  1910  approxi- 
000,000  gal.  of  water  were  used  for  this  purpose  in  175  days, 
le  cost  of  pumping  and  treating  this  flushing  water  with  chem- 
»st  of  sludge  removal  becomes  29.3  ct.,  which  is  about  the  same 
)f  removing  the  sludge  in  Muskogee. 
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At  Muskogee  the  percentage  of  sludge  water  to  total  watei  treated  Is  2^ 
per  cent,  which,  in  the  writer's  opinion,  can  be  considerably  reduced  by  careful 
management.  This  ratio  of  sludge  water  to  total  water  treated  compares 
quite  favorably  with  that  of  St.  Louis,  where  in  1910,  the  only  year  for  whidi 
accurate  data  are  available,  523,000,000  gal.  of  water  were  chargeable  against 
sludge  removal.  Of  this  amount,  300,000,000  gal.  were  lost  in  emptying  the 
basin,  130,000,000  gal.  were  used  for  flushing  purpo.ses,  and  193*000,000  gaL 
were  wasted  through  the  sludge  gate,  thus  giving  a  ratio  of  1.54  per  cent. 

The  conditions  at  McKeesport  are  at  times  especially  trying  on  the  sludge 
removal  apparatus,  for  there  are  periods,  of  short  duration,  when  the  preci- 
pitation reaches  almost  10  per  cent  by  volume  of  the  water  treated,  and  in 
the  treatment  1,000,000  lb.  of  lime  and  1,500,000  lb.  of  soda  ash  have  been 
used  annually.  The  cost  of  removing  the  precipitated  material  at  the 
McKeesport  plant  has  averaged  about  35  cts.per  1,000,000  gal.  of  water  treated. 

The  ratio  of  blow-off  water  to  water  treated  ranges  from  1.4  to  8.9  per  cent 
when  the  water  is  bad,  and  averaged  2.3  per  cent  for  the  period  that  the  plant 
has  been  in  operation. 

Costs  of  Cleaning  Settling  Basins  by  Sluicing. — The  following  data  on 
cleaning  one  of  the  settling  basins  at  Louisville,  Ky.,  are  taken  from  an  artide 
by  G.  D*.  Cain,  Jr.  in  Engineering  and  Contracting,  Dec.  3,  1913. 

The  two  basins  at  the  reservoir  measure  about  500  ft.  square,  and  actual 
measurements  showed  that  the  amount  of  mud  deposited  in  the  basin  whidi 
was  cleaned  was  in  the  neighborhood  of  18,000  cu.  yds.  The  cost  of  removing 
this  mass  of  material  by  the  company's  own  forces  was  $2,700,  or  15  cts.  a  cu. 
yd.,  which  compares  very  favorably  with  the  cost  of  the  previous  deanlng  of 
the  basins. 

Of  course  the  mud  had  not  hardened  sufficiently  in  the  period  of  20  montlv 
since  the  previous  cleaning,  to  make  literal  excavation  necessary,  and  this 
rendered  it  possible  for  the  company  to  use  the  sluicing  method.  Lines  of 
firehose  were  attached  to  the  company's  mains,  and  streams  were  directed. 
upon  the  mud  under  a  pumping  pressure  of  70  to  80  lbs.  per  sq.  in. 

The  surface  mud  readily  yielded  to  this  treatment,  but  as  the  work  went 
deeper  the  aid  of  a  force  of  men  armed  with  scrapers  was  necessary  to  expedite 
the  removal  of  the  mud.  These  scrapers  were  simple  affairs  made  of  1  in. 
boards,  and  were  con.structed  for  use  by  three  men  at  once,  a  fairly  laige  suT' 
face  thus  being  covered  by  each  scraper. 

The  heavy  mixture  of  mud  and  water  was  sluiced  in  this  way  into  the  ceatral 
surface  drain  of  the  basin,  which  discharges  into  the  sewer  outlet  provided 
for  drainage  purposes,  and  the  entire  18,000  cu.  yds.  of  silt  were  thus  removed 
in  about  three  weeks  of  actual  working  time.  It  was  not  possible  to  rush  tto 
work  at  a  much  greater  speed  on  account  of  the  danger  of  dogging  tli9 
sewer.     As  it  was,  no  trouble  of  this  sort  was  experienced. 

The  following  data  computed  from  figures  given  in  the  report  of  Geo.  H.- 
Benzenberg,  Chief  Eng.  water  works,  Cincinnati,  O.  are  published  in  Engineer- 
ing and  Contracting,  April  6, 1910. 

The  reservoir,  known  as  Reservoir  No.  1  of  the  Cincinnati,  O.,  water  woilci, 
had  been  in  constant  service  for  over  two  years.  It  was  taken  out  at  servloe 
on  March  20,  1909,  and  allowed  to  stand  for  4  days  in  order  to  allow  compMe 
sedimentation  before  drawing  the  water.  The  original  turbidity  of  the  water 
was  75  parts  per  million;  after  4  days  it  was  found  to  be  47  parts  for  a  depth 
of  30  ft.  and  50  parts  at  a  depth  of  40  ft.  On  March  30  the  water  was  draws 
off  for  a  depth  of  3  ft.  during  the  night  and  allowed  to  stand  duxizig  the  dtij. 
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be  mod  was  waahed  off  the  exposed  slcq^es  by  hose  streams  under 
of  flushing  inimps  in  the  wier  house.  The  following  night  the  water 
9  again  loweied  to  stand  during  the  day,  when  the  slopes  were  washed 
This  procedure  was  repeated  every  24  hours  until  April  9,  when  the 
id  become  very  turbid.  The  30-in.  drain  was  then  opened,  drawing 
e  water  and  such  mud  as  it  carried.  The  deposit  of  mud  renudning  on 
s  and  bottom  was  then  disintegrated  and  slid  to  the  drain  opening  by 
f  l>i4n.  hose  streams  under  heavy  pressura  The  depth  of  aocumu- 
d  was  found  to  be  from  12  ins.  to  36  ins.  and  the  total  amount  removed 
nated  as  30,000  cu.  yds.  Some  36,494,600  gals,  of  water  were  wasted 
ng  the  reservoir  and  16,902,600  gals,  were  used  for  removing  the  mud, 
665  gals,  per  cubic  yard  of  mud  removed.  The  cost  of  HAn-niny  wm 
fs: 

02,000  gals,  water,  at  $3.28  per  mil.  gab $  66. 44 

32  kw.  eleotrio  power,  at  1.1  ot. 242. 36 

NT  operating  pumps 67. 94 

St  deaiiiiig  reseryoir. 427. 27 

Total $783.01 

Qst  per  cubic  yard  of  mud  removed  was,  for  deankig  proper,  2.61  ctsi 

I  in  the  36,494,600  gals,  of  water  lost  in  draining  the  reservoir  al 

r  million  gallons  we  have  an  additional  item  of  $116.42,  or  0.89  ct.  per 

maiding  a  total  cost  of  3  cts.  pet  cu.  yd.    The  cleaning  was  completed 

1909^  and  water  was  turned  back  into  the  reservoir  on  May  8. 

tost  of  cleaning  Reservoir  No.  2  of  the  Cincinnati,  O.  water  works  Is 

.  Engineering  Record,  June  21,  1913.  as  follows: 

ime  required  to  wash  out  the  mud  from  this  reservoir  was  twenty-eight 

:  days.    As  nearly  as  could  be  estimated,  41.100  cu.  yd.  of  mud  were 

I    This  refers  only  to  the  sediment  containing  less  than  60  per  cent  of 

vhich  was  left  after  draining  off  the  liquid  sludge.    This  volume  of 

igether  with  the  semi-liquid  sludge,  represents  the  deposit  from  over 

lions  of  gallons  of  water.    Besides  61.000.000  gal.  of  water  being 

in  draining,  about  21,000,000  gals,  were  used  in  cleaning  out  the 

r. 

bllowing  table  shows  the  costs  for  cleaning: 

CkMvr  OF  Clbaninq  Reservoir  a.t  Cincinnati,  Ohio 

Cost  per  cu.  yd.  of 
Total  cost    sediment  removed 

$1 . 100. 45  $0. 0267 

440. 23  .  0107 

154.44  .0037 

water  used  in  cleaning 62. 82  .  0016 

water  wasted  in  draining 183. 13  .  0044 

otal $1,941.07  $0.0470 

I  cleaning  per  1.000,000  gal.  of  water  settled . .    . .    $0. 056 -h 

ethods  employed  were  similar  to  those  used  in  cleaning  reservoir  Na  1. 
eased  cost  noted  is  larg^y  due  to  an  increase  of  some  30  per  cent  in 
paid  for  labor  and  the  difficulty  of  opening  the  closed  sump  openings 
seorvoir. 


CHAPTER  IX 
IRRIGATION 


In  this  chapter  are  included  both  general  and  specific  cost  data  and  aitlclM 
dealing  with  many  of  the  economic  problems  met  with  in  irrigation. 

For  further  data  relating  to  this  subject  and  included  in  the  volupie,  see 
chapter  on  the  following  subjects:  Excavation;  Concrete;  Dams,  Rooenroto 
and  Standpipes;  Water  Works;  Small  Tunnels  and  Land  Drainage.  Alio 
refer  to  the  index  for  other  special  information. 

For  costs  of  Pumping  see  "  Handbook  of  Mechanical  and  Electrical  Coot 
Data"  by  Gillette  and  Dana.  For  Methods  and  costs  of  excavatioa  see 
"Earthwork  and  Its  Cost"  by  Gillette  also  "Rock  Excavation"  by  Gillette. 

Cost  of  Irrigation  Works  Per  Acre  of  Land  Supplied  with  Water. — The  ooel 
of  irrigation  works  per  acre  of  land  irrigated  has  been  tabulated  by  the  U.  8. 
Reclamation  Service  for  some  140  projects  of  which  87  are  Carey  act  projeeii^ 
30  are  private  projects  and  14  are  projects  of  the  Service.  The  data  given  iB 
Tables  I,  II  and  III,  are  published  in  Engineering  and  Contracting,  June  4, 
1013. 

Table  I. — Cost  of  PRnrATB  Ibrxqatxon  Pbojbcts 

Coet 

Acre-  or  water 

age  in  right 

proj-  charge 

Name  of  project  or  company                             eot  per  aen 
Colorado : 

Amity  Canal 80.000  $100« 

Beaver  Land  and  Irrigation  Co 20,000  175s 

CatUn  Canal 26.000  100 

Colorado  Co-operative  Co 5 .  200  60 

Denver  Reservoir  and  Irrigation  Co 200,000  4ft 

East  Palisade  Irrigation  District 645  6S 

Montana : 

Fort  Lyon  Canal 70.000  100» 

Grand  Valley  Canal 40.000  60« 

Greeley  Poudre  Irrigation  Co 125,000  45 

Mesa  County  Irrigation  Project 2, 568    '         78 

Orchard  Mesa  Irrigation  District 9, 122  119 

Otero  Irrigation  District 20.000  40 

Palisade  Irrigation  District 6.000  41 

Paradox  Valley  Irrigation  Co 30,000  45 

Pueblo-Rocky  Ford  Irrigation  Co 100,000  160» 

Redlands  Irrigation  and  Power  Co 5,000  100* 

Routt  County  Development  Co 39 ,  000  45 

South  Palisade  Heights  Irrigation  District 700  127 

Conrad  Land  and  Water  Co 40 

Great  Falls  Land  and  Irrigation  Co 36,000  50 

1  Engineers'  estimates  where  project  is  proposed  or  incomplete. 

*  Estimated  at  from  $75  to  SI 50  per  acre.     Includes  land, 
s  Estimated  at  $75  to  $150  per  acre. 

*  Per  miner's  inch. 

*  Includes  land. 

>  Estimated  at  from  $65  to  $150  per  acre. 
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Tablb  I. — Wmtinutd) 


Nbdu  of  projact  or  nmpuiy 
UukI  ftnd  Inintion  Diitriet 

iKua... 

'  IniiMion  . 

'>"»l  <^ 

Ctairi 

inuI.Co 

y  Dsvetopixent  Co 

IiiiptionCo 

ricbU  only.     PuichMa  ol  PithRDder  ReHTVoir  vi 

I  at  fiom  tSO  to  170  per  int. 
I  at  (ram  »40  to  »50  per  acr*. 

Table  11. — Co»i  or  Caut  Act  Pbojbcts 


and  and  Water  Supply  Co 16,2' 

Ifriiation  and  BflMrvoir  Co ""  " 

m '^-Ey-E:': 

Kiv«r  l«nd  *  IrrlpitJon  CoV.V.; 30.01 
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Table  II. — {Continued) 

Cost 

.«    ^       ,  .  ,  Acreage  peraere 

Marvsville  Canal  A  Improvement  Co.,  Ltd 6, 134  20 

Owsley  Carey  Land  and  Irrigation  Co 8 ,  600  35 

Owyhee  Land  and  Irrigation  Co 29 ,  535  56 

Owyhee  Irrigation  Co.,  Ltd 3 ,  296  45 

PahBimeral  Project 6, 000  30 

Portneuf-Marsh  Valley  Irrigation  Co 11 ,914  35 

Pratt  Irrigation  Co.,  Ltd 4 ,  674  40 

Snake  River  Irrigation  Co.,  Ltd 6 ,  500  50 

Thousands  Springs  Land  and  Irrigation  Co 6 ,  300  30 

Twin  Falls  Land  and  Water  Co 244,000  25 

Twin  Falls  North  Side  Land  and  Water  Co 207 ,  144  45 

Twin  Falls  Oakley  Land  and  Water  Co 45,000  65 

Twin  Falls  Raft  River  Irrigation  Co 99,668  50 

Twin  Falls  Salmon  River  Land  &  Water  Co 127, 707  40 

West  End  Twin  Falls  Irrigation  Co 46,000  50 

Montana : 

Billings  Land  &  Irrigation  Co 27 ,  000  40" 

Big  Timber  Project 17, 194  60 

Valier  Project 115, 100  40 

Oregon : 

Central  Oregon  Irrigation  Co 139,204  40 

Central  Oregon  Irrigation  Co 74 ,  198  60 

Columbia  Southern  Co 27.000  60" 

Deschutes  Land  Co 31,082  30 

Deschutes  Reclamation  &,  Irrigation  Co 1 ,  280  40 

Desert  Land  Board 27,000 

Portland  Irrigation  Co 12,000  46 

Powder  Land  &  Irrigation  Co 65,000  100" 

Utah: 

Mosida  Pumping  Plant 8,000  160» 

Wyoming : 

Big  Horn  County  Irrigation  Co 20,41^1^  W 

Boulder  Canal 6, 120  80 

Burch  Canal 35,887  60 

Carbon  County  Land  &  Irrigation  Co 7 ,  793  30 

Cody  and  Salsbury  Canal 77, 199 

Cody  Canal 26.429  60 

East  Fork  Irrigation  Co 4,901  30 

Eden  Land  &  Irrigation  Co 95,658  30 

Elk  Canal 2,724  30 

Fisher  Ditch 320  IQ 

Green  River  Land  and  Irrigation  Co 75,257  86 

Hammitt  Canal 6,295  60 

Hanover  Canal 10, 682  50 

Hawk  Springs  Project 12,238  60 

Hubbard  Canal 38,604  40 

James  Lake  Irrigation  Co 14 .  554  86 

La  Prele  Ditch  and  Reservoir  Co 18, 558  60 

Lovell  Irrigation  Co..... 11.820  25 

McDonald  Canal 15, 159  60  - 

Medicine  Wheel  Canal  Co 22,385  80 

North  Laramie  Canal  Co 4, 183  50 

North  Platte  Canal  &  Colonization  Co 14,424  80 

Big  Horn  Basin  Development  Co 204,650  50   ■ 

Paint  Rock  Canal 58. 162  50 

Platte  Valley  Canal 18,171  80    > 

Rock  Creek  Irrigation  Co 11 ,606  46 

Sahara  Ditch  Co 7.920  50 

Sidon  Canal  &  extensions 20, 558  .  80  i 

Tinsleep-Bonanza  Canal 16,486  40.  : 

Uinta  County  Irrigation  Co 26.000  .    85   i 

Wheatland  Industrial  Co 33,115  .  K   i 

Wyoming  Land  &  Irrigation  Co 4, 526  50  ! 

»•  Estimated  at  from  $20  to  $60  per  acre. 

1^  Estimated  at  from  $50  to  $60  per  acre. 

IS  Estimated  at  from  $75  to  $200  per  acre.  .  ■  i 

^'Estimated  at  from  $100  to  $250  per  acre.  -  'i.l 
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9   in   Tables  I  and  II  obtained  from  printed  reports  of  state 

public  data,  show  that  on  over  90  modem  irrigation  systems 

'  private  or  corporate  capital,  the  cost  i)er  acre  averages  nearly 

ost   does   not   include    the    annual    cost  for  operation    and 


Table  III. — Rsclamation  Service  Projects 

State  and  project  Approz.  Cost  per  acre 

acreage  from  to 
rnia 
131,000  $55           $66 

118,700  22  30 

216,346  30  36 

h  Dakota 

wstone 60,116  46 

i 129.270  45  55 

son 206,000  22  30 

20,277  32  45 

25,000  60  70 

72,000  30 

le 100.000  30  35 

9,900  65 

102,824  52 

34.613  93 

164,122  45  50 

$41  + 


jorting  on  an  Irrigation  Project. — The  following  is  given  by 
Fox  in  "Western  Engineering,"  reprinted  in  Engineering  any 
Jov.  5,  1913. 

1-12  I  was  employed  to  make  the  surveys  and  estimates  for  an 
ect.  Careful  records  were  kept  of  the  time  and  cost  of  each 
g  to  the  work.  All  told,  the  project  covers  70,000  acres,  of 
a  already  irrigated  and  some  of  it  does  not  require  irrigation, 
preliminary  plans  for  irrigating  80  per  cent  of  the  unirrigated 
40,000  acres.  As  a  rule,  the  land  was  fairly  smooth  and  for  the 
>vered  with  sagebrush  about  waist  high. 

of  the  distances  from  trade  centers,  it  was  necessary  in  making 
id  estimates  to  provide  for  using  as  much  local  material  as 
linimize  the  quantity  of  materials  shipped  in  from  the  outside. 
4te  estimates  follow:  Excavation,  8,000,000  cu.  yds.;  tunneling, 
umber,  830,000  ft.  B.  M.;  iro^i  and  steel,  500  tons;  main  and 
Is,  total  61  miles;  laterals.  144  miles.  There  will  be  approxi- 
les  of  flume  and  a  Uttle  over  \i  mile  of  siphons  in  the  system, 
he  engineering  crew,  local  men  were  used.  It  was  necessary 
er  part  of  the  work  to  estabUsh  camps.  These  were,  as  a  rule, 
from  the  adjacent  towns.  Chainmen  and  rodmen  weie  paid 
toks,  $60  to  $70;  level-men.  $75  to  $85;  instrument  men,  $90 
imen.  $75  to  $150,  and  assistant  engineers,  $100  to  $150.    All 
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rates  given  are  by  the  month  and  include  board  and  expenses.    About  10,000 
meals  were  served  in  camp  at  a  cost  of  28  cts.  each,  segregated  as  foUows: 

Cents 

Food 21 

Cook 6 

Incidentals 1 

Total 28 

It  was  necessary  to  use  canned  goods  almost  exclusively.  The  cost  of 
provisions  was  very  high.  The  meals  were  excellent.  Horses  were  hired  at 
a  cost  usually  of  about  $1  per  day,  including  feed. 

Water  Shed  and  Irrigation  Survey. — Eighteen  stations  were  set  by  an 
assistant  engineer  and  rodman  with  two  horses.  To  place  the  statiooi, 
triangulate  them  and  plot  the  work  cost  $35  per  station.  Eight  and  one^uitf 
days'  time  was  put  in  on  each  station. 

Sounding  Lake  and  Contouring  Reservoir  Site. — In  sounding  a  3,000Hlcn 
lake  it  was  necessary  to  cut  over  1,000  holes  through  13  ins.  of  ice.  A  puty 
consisting  of  a  transit  man,  two  chainmen,  two  axmen  and  two  horses  wtn 
used.  In  contouring  4,000  acres  around  the  lake  the  same  party  was  und, 
except  that  a  recorder  and  three  stadia  men  were  substituted  for  the  chalii  and 
axmen.     The  sounding  and  contouring  cost  6.4  cts.  per  acre. 

The  high-water  line  of  the  reservoir  was  run  before  I  arrived.  I  undentsnd 
that  it  cost  about  $50  per  mile  for  16  miles  of  exterior  line.  This  iBKdwIfii 
ties  to  the  section  comers. 

Section  Lines. — Approximately  200  miles  of  section  lines  were  r^mn. 
Great  difficulty  was  experienced  in  finding  some  of  the  comers.  It  is  thoufht 
that  between  one-fourth  and  one-fifth  of  the  time  was  spent  in  looking  far 
old  comers,  and  the  work  was  greatly  delayed  by  storms.  The  party  ooor 
sisted  of  an  instrument  man.  two  chainmen,  two  flagmen,  a  teamster,  fcnr 
horses  and  a  rook.  The  work  cost  $10  per  mile.  It  might  be  worth  nottng 
that  on  lines  which  were  re-mn,  only  one  comer  has  been  found  that  the  oHsi- 
nal  party  did  not  locate^  Some  60  comers  were  replaced  at  odd  times  it  ft 
cost  of  $2.50  per  post. 

Leveling. — (The  section  line  party  was  followed  by  a  level  party  (leiwlnua 
and  ro<Iman) ,  which  set  bench  marks  every  half  mile  or  mile.  They  ran  UB 
miles  at  a  cost  of  $2.50  per  mile. 

Contouring. — The  entire  area  under  the  ditch-line  was  contoured  at  a  ooit 
of  5  cts.  per  acre.  Five-foot  contour  intervals  were  used  on  the  flattait 
sections  and  10  ft.  on  the  steeper  parts.  It  was  platted  on  a  scale  of  1,000ft.  tt 
the  inch.  The  party  consisted  of  an  instrument  man,  recorder  and  two  tt 
four  stadia  men.  Usually  two  parties  were  in  the  field  under  my  supervWMi 
with  a  draftsman,  cook,  one  or  two  teamsters  and  six  horses.  After,  thft  Itatf 
work  was  completed  it  took  almost  as  much  time  to  reduce  and  idat  tlM 
transit  stadia  notes  as  it  did  to  do  the  field  work. 

Cruising. — First  the  real  estate  department  had  a  man  cruise  the  land  lat 
plat  it  on  a  scale  of  6  ins.  to  the  mile.    This  cost  2  ctti.  per  acre.    Itwa 
thought  advisable  to  make  a  rough  cultural  and  property  map  off  tbe 
now  under  cultivation,  so  as  to  have  an  idea  of  the  amount  of  hay  and 


available.    Two  men  on  foot  could  cover  about  10,000  acres  per  day.    OflM 
work  took  about  the  same  time. 

Canal  Line. — With  a  view  to  determining  the  most  economical  looatlOBtf 
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the  canal  line,  we  ran  a  low  line  30  miles  long  and  a  high  line  20  miles  long, 
and*  made  a  careful  reconnaissance  of  the  remainder,  ^rom  these  studies  we 
determined  that  the  high  line  would  be  cheapest.  The  iines  were  run  by  the 
following  party:  Chief,  draftsman,  transit  man,  stadia  man,  flagman,  axman, 
level  man,  rodman,  teamster,  four  horses  and  a  cook.  It  cost  $16  per  mile 
to  do  this  work. 

We  then  started  out  with  practically  the  same  outfit  except  that  two  chain- 
men  were  added.  The  distance  per  shot  on  the  preliminary  line  was  about 
400  ft.  All  the  work  was  on  the  side  tiill.  When  contouring  was  commenced 
the  party  was  divided. 

On  the  transit  line  we  set  stakes  every  100  ft.  and  took  the  elevation  at  each 
station.  We  then  took,  very  careful  topographic  data,  usually  covering  30  to 
40  ft.  in  vertical  elevation  by  5  ft.  contours,  which  were  platted  in  the  field 
to  a  scale  of  200  ft.  to  the  inch.  We  were  very  careful  to  note  ail  rock  out- 
crops or  other  characteristics  which  would  influence  the  final  location  of  the 
line.  We  ran  61  miles  of  these  lines  at  a  cost  of  $30  per  mile  for  the  transit 
and  level  line,  and  $20  per  mile  for  the  topography.  The  cost  of  the  ties  to  the 
section  comers  is  included  in  the  cost  of  the  transit  and  level  line. 

Paper  Location  and  EstitncUe. — The  office  work  was  done  in  the  winter  with 
a  small  force,  consisting  of  myself,  an  assistant  engineer,  a  draftsman  or  two 
and  a  blueprint  boy.  I  had  the  assistant  engineer  and  tt  draftsman  spend  a 
month  to  work  up  a  special  set  of  excavation  tables  especially  adapted  to  side 
hiU  canal  lines.  They  gave  the  balanced  cut  and  fill,  the  yardage  and  the 
center  cut  for  each  different  side  slope.  I  estimate  that  by  the  use  of  these 
tables  were  saved  several  hundred  dollars  per  mile  on  the  excavation  at  a  cost 
of  less  than  1  per  cent  of  the  amount  saved.  The  estimate  cost  $16  per 
'  mile,  or  approximately  %  of  1  per  cent  of  the  cost  of  the  excavation. 

Fieid  Notes  and  Mapa  for  Filing. — The  tracings  included  six  sets  (34  sq.  ft.) 
of  three  maps  each,  and  the  field  notes  require<i  146  pages  of  legal  size  paper. 
All  courses  were  balanced  in  connection  with  the  Hection  line  survey.  The 
(^Boe  work  cost  $500,  or  about  $6.50  per  mile  of  canal  and  reservoir. 

Designs  and  Eetimatee  for  Structures. — It  is  estimated  that  the  structures, 
flumes,  siphons,  outlets,  etc.,  will  cost  about  $100,000»  The  designs  and  esti- 
mates cost  2  per  cent  of  the  estimated  cost.  Usually  several  types  of  struc- 
tures were  sketched  out  and  estimates  made  for  each  type  These  detailed 
drawings  were  made  according  to  what  appeared  to  be  the  best  type,  and 
included  a  complete  estimate  of  the  cost,  including  quantities,  weights,  etc. 
The  difference  in  the  cost  of  several  types  of  structures,  all  of  which  appear 
suitable,  is  surprising. 

It  cost  a  little  less  than  1  per  cent  to  make  the  surveys,  designs  and  esti- 
mates of  the  rock  fill  dam  and  tunnels  Enough  money  will  be  saved  on 
changing  the  dam  site  from  the  location  selected  by  the  promoters  to  pay  the 
entire  cost  of  the  work.  The  laterals  were  laid  out  on  the  contour  map  and 
only  a  few  of  the  larger  ones  were  run  out.  The  designs  and  estimates  for  the 
laterals  cost  about  $2  per  mile.  The  entire  report  with  the  specifications,  etc., 
contained  about  250  pages  and  100  blueprints. 

General  Expenses . — The  stenographic  and  clerical  expenses  amounted  to 
approximately  $400,  the  general  expeases  about  $800  and  approximately 
$1,000  was  spent  on  hydrographic  work.  All  totcl,  this  survey  cost  approxi- 
mately $20,000,  or  50  cts.  per  acre,  or  3  to  4  per  cent  of  the  estimated  cost  of 
the  work.  About  4,000  man-days  were  worked  at  an  approximate  cost  of  $5 
per  man-day. 
33 
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Cost  of  Constructing  Irrigation  Works. — The  following  matter  is  taken 
from  Newell  and  Murphy's  "Principles  of  Irrigation"  (1913). 

It  has  come  to  be  an  axiom  that  the  cost  of  irrigation  works  is  generally 
greater  than  the  original  estimate.  This  is  due  not  so  much  to  lack  of  cuo 
and  thoroughness  in  preparing  estimates  as  to  the  fact  that  the  work  is  pioneer 
in  its  character,  and  improvements  are  suggested  or  new  needs  arise  so  rai^dly 
that  works  which  were  planned  in  one  year  as  adequate  for  the  puipoee  in 
mind  are  found  to  be  unsuited  or  undesirable  by  the  time  construction  is  weQ 
advanced.  Many  changes  must  be  made,  or  additional  details  provkled  which 
were  not  known  or  not  considered  necessary  in  the  original  scheme.  It  to, 
of  course,  possible  that  an  engineer  may  plan  works  and  build  them  exactly  as 
planned  and  within  the  original  estimates,  but  this  condition  is  one  which  with 
existing  irrigation  systems  does  not  take  place  under  ordinary  circumstaiioeB. 

The  engineer  may  plan  for  certain  works  to  meet  the  then  prevailing  cim- 
ceptions,  but  the  owners  or  financiers  usually  conclude  that  it  is  neceasaiy  to 
add  certain  extensions,  or  modify  details  such,  for  example,  as  increasing  the 
size  of  the  reservoir,  or  of  the  main  canal,  or  adding  a  pumping  plant.  ThuSf 
as  a  result,  the  works  cost  more  than  anticipated,  and,  comparing  the  originel 
statements  of  cost  with  the  actual  expenditures  made,  it  is  seen  that  the  latter 
are  far  in  excess  of  the  estimates,  but  the  reasons  for  this  are  rarely  givoi. 

Men's  ideas  with  feference  to  limits  of  practicability  or  cost  of  the  works 
have  rapidly  expanded.  The  small  canals  built  before  1900  were  cheaply 
executed,  the  structures  were  of  wood  and  of  temporary  character.  The  loca- 
tion was  made  with  reference  to  keeping  the  construction  cost  to  the  iriiniimim 
and  much  of  the  work  was  done  by  the  farmers  themselyes,  no  account  beiQg 
taken  of  what  is  generally  termed  the  overhead  cost  including  that  of  pkumiiif 
and  organization  of  the  work. 

At  the  same  time,  the  estimates  of  the  area  watered  were  very  liberally  mad& 
If  some  water  was  provided  for  a  farm,  it  was  habitually  stated  that  the  entire 
area  say  of  160  acres  was  under  irrigation,  even  though  water  had  only  beea 
as  a  matter  of  fact  applied  to  a  portion  of  it.  The  capacity  of  the  canal  mtgbt 
not  be  enough  to  supply  all  of  the  lands  which  were  claimed  to  be  irrigated. 
For  these  reasons  the  cost  per  acre  of  irrigation  was  stated  at  an  eKtramely  law 
price,  less  than  $15  per  acre.  Beginning  about  the  year  1900,  a  cost  cf  ISO 
per  acre  for  irrigation  was  considered  high,  but  when  it  began  to  be  appradatad 
that  the  land  with  a  sure  water  supply  would  yield  a  large  return  on  a  yahM  ef 
$50  or  even  $100  per  acre,  it  was  recognized  that  larger  investments  In  coiH 
struction  would  be  justified.  Year  by  year  the  limits  of  assumed  feaslbiUty 
have  been  increased,  so  that  by  1905,  it  was  assumed  that  $30  per  aero  Wlf 
large,  then  $40  per  acre,  and  finally  by  1910,  a  cost  of  reclamation  of  $00  par 
acre  was  not  considered  prohibitory,  for  lands  especially  in  the  southern  part 
of  the  country.  In  fact,  when  consideration  is  had  of  the  great  vatiM  dC 
orchard  lands  an  expenditure  of  $100  or  more  per  acre  to  provide  water  li 
feasible.  In  semitropical  lands,  for  example,  in  the  Hawaiian  Island,  irbtn 
pumping  plants  have  been  erected  for  raising  water  for  irrigation  to  a  hei^ 
of  550  ft.,  an  outlay  of  several  hundred  dollars  per  acre  is  not  considered  out  el 
the  ordinary. 

In  the  northern  temperate  regions,  for  example,  in  Colorado  and  Moottfl* 
for  the  ordinary  field  crops  an  investment  of  $40  to  $60  per  acre  may  ba  n0V 
considered  as  large  but  not  prohibitory.  This  may  be  Increased  noiaUy  tW 
warmer  regions  with  longer  crop  season,  such  as  those  of  southern  Idaho,  9tA 
portions  of  Oregon  and  Washington.    Going  south  fxQiD.  here  to  points  wli 
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id  Calif onda,'  where  crops  grow  throughout  the  greater  part  of  the 
crease  of  60  per  cent,  in  the  amount  above  named  may  be  considered 
te. 

ites  are  based  on  the  crop  production  of  thorouglily  irrigated  lands 
ily  be  seen  that  these  give  a  good  income  on  an  investment  of  from 
100  per  acre,  so  that  theoretically,  the  figures  above  given  could  be 
leveral  fold,  but  as  a  matter  of  fact,  imder  existing  conditions,  it  is 
» to  figure  on  this  basis,  although  it  is  possible  to  look  forward  to  a 

far  larger  investments  than  now  considered  wise  will  be  the  rule 
1  the  exception. 

8t8. — ^It  must  not  be  assumed  that  the  cost  of  an  irrigation  system 
lat  of  the  engineering  or  construction.    There  are  other  costs  which 

or  exceed  these  and  n^lect  of  which  in  the  preliminary  estimates 
leads  to  financial  ruin.  These  are  the  somewhat  vague  and  intan- 
ises  of  the  organization,  the  so-called  overhead  charges,  especially 
don  and  interest  upon  bonds,  or  upon  other  securities  issued  for 
•n  purposes.  It  is  not  infrequently  the  case  that  after  the  engineer 
ly  estimated  all  of  the  construction  cost  and  has  allowed  15  per  cent, 
ent.  for  contingencies,  the  business  man  must  double  this  to  cover 
,bove  noted. 

he  ordinary  conditions  of  private  irrigation  systems  it  may  be  said 
ling  the  engineer's  estimate  of  construction  at  100  per  cent.,  the 
I  to  be  added  will  be  about  as  follows: 
&ry  examinations,  organization  and  promotion,  10  per  cent 
administrative,  10  per  cent.     This  is  after  the  funds  have  been 
I  general  plans  determined   upon   and  construction  carried   to 

• 

on  bond  issue,  20  to  30  per  cent.     This  is  assumed  to  cover  most 

itruction  cost,  and  is  estimated  at  6  per  cent,  per  annum  on  the 

lired  in  the  construction  of  large  systems. 

have  from  40  to  50  per  cent,  of  the  construction  cost  to  be  added  at 

ben  the  works  are  completed. 

g  with  the  time  of  completion  of  the  works  and  the  beginning  of 

ation  from  then  on  is  the  period  of  greatest  difficulty  and  stress. 

of  the  lands  is  usually  slow,  the  farmers  must  experiment,  the 
B  to  be  established,  and  five,  ten  or  more  years  may  elapse  before 
completely  irrigated  and  the  farmers  are  able  to  make  notable  pay- 
iring  this  time  the  cost  of  operation  and  maintenance  has  been 
his  with  the  interest  on  bonds  or  other  securities  may  amount  to 
.  or  even  100  per  cent  of  the  actual  construction  cost. 
1  Cost  of  Organization  for  Operating  Irrigation  Systems. — The 
ata  are  given  in  Harding's  "Operation  and  Maintenance  of  Irri- 
ems." 

)11  Operation  and  Maintenance  Conference  at  Boise,  a  paper  was 
y  R.  K.  Tiffany,  then  manager  of  the  Sunnyside  project,  in  which  a 
ganizations  for  different  sized  systems  were  given  as  shown  in 

As  stated  by  Mr.  Tiffany  the  number  of  employees  given  would 
bout  the  maximum  which  would  be  required.  Under  favorable 
the  number  may  be  materially  reduced  and  many  systems  are 
ith  smaller  organizations. 

tance  of  effect  on  the  organization  of  the  main  canal  system  of  the 
strater  to  laterals  only  or  to  individuals,  a  case  on  the  Boise  project 
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was  cited.  On  32,000  acns,  of  wUdl 
21,000  were  firlg&ted,  water  ww  itOt- 
srsd  to  laterals  onl;  on  about  hall  of  tiw 
area;  one  water  maBl«r.  one  Held  derii,  3 
gate  leudeis  and  8  dltcb  rldera  h«nHi«rt 
tbis  area  at  a  cost  ot  5  centi  per  aoe 
per  monlb.  Oa  anotber  division  com- 
(alQlng  about  33,000  acrei  of  wbicb 
15,000  were  irrigated,  water  was  de- 
livered to  each  IndlviduiJ  fonu  at  a 
cost  of  12H  ceats  per  montb. 

Tlie  Bveraee  size  of  the  clerical  force 
.egS  tor  government  projects  was  given  ss 
°  ~  follows  at  tlie  same  conterence:  up  to 
1S,000  acres,  one  clerk;  15,000  to  40.000 
acres,  two  clerks:  40.000  to  76,000  acres, 
tbree  clerks:  75,000  to  120,000  acrtt.foui 
clerks:  120.000  to  175,000  acitt,  Qva 
clerks;  175.000  to  240.000  acrea,  six 
clerks.  Tbese  do  not  Include  tbe  keyr- 
ing of  the  strictly  operation  or  water- 
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sbould  handle  about  2.000  In- 
dividual accounts  in  tbe  books.  Tot 
other  forms  of  organization  the  cleikad 
force  Is  usually  somewhat  snutUer. 

Economic  Witcr  Conduit  Locatlan.— 
The  following  la  given  in  EnglDeerlng 
and  Contracting.  Jan.  14,  191*. 

Every  conduit  must  change  at  certain 
points  along  Its  length  from  one  type  ot 
construction  to  another,  as  from  pip* 
line  to  lined  canal,  unless  It  traverws  a 
country  of  uniform  topography.  Such 
changes  arise  from  coosideraUons  of 
econorny  or  safety.  A  conduit  of,  anj 
considerable  length  seldom  conslatB 
wholly  of  canal  sectlob  but  changes  fnan 
that  type  of  construction  to  Dulnes, 
siphons,  pipe  lines,  bridge  Sumes  or  tun- 
nels, as  the  location  conditions  dictate. 
The  polnta  at  which  such  cbangee  ue 
made  are  detennined  by  economic  con- 
siderations as  well  as  by  ground  slope. 

countered  in  the  excavation  proceMi 
and  b;  the  other  local  condltlow. 
Just  as  tbe  comparative  costs  otdew 
cutting  and  tunneling  ar«  used  to  Indi- 
cate when  to  pass  from  cut  to  tuUMl 
in  railroad  location,  so 
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I  type  of  conduit  construction  to  another  is  based  upon  comparative 

king  various  conduit  locations  C.  £.  Hickolc,  has  evolved  a  diagram 
^es  the  equivalent  lengths,  from  an  economic  standpoint,  of  various 
conduits.  The  diagram  and  Mr.  Hickok's  discussion  of  it  are  here 
described  by  him  in  his  paper  entitled:  A  Study  <rf  Eccmomic  Con- 
ation, as  published  in  Vol.  XXXIX  Proc.  Am.  Soc.  of  C.  E.,  pp. 
K).    When  the  locator  comes  to  a  point  where  he  must  decide  whether 
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Fig.  1. — Cross-sections  of  four  types  of  conduits. 

through  a  ridge  or  follow  the  grade  around  with  a  canal,  he  meastires 
h  of  the  two  possible  routes,  and,  by  an  ingi)ection  of  the  diagram 
ewith,  reaches  a  decision  as  to  the  more  economical  of  the  two  type^ 
its.  This  not  only  saves  time  but,  with  a  properly  constructed 
assures  a  proper  and  complete  comparison  between  the  two  alteitia^ 
o  first  cost,  depreciation,  head-loss  values,  evaporation  and  seepage 
is,  interest,  taxes,  inspection  and  repairs. 

iposes  of  illustration  assume  a  case  where  the  project  under  considera- 
be  used  for  irrigation  and  hydro-electric  purposes,  and  where  the 
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conduit  has  a  capacity  of  44.6  cu.  ft.  per  second  and  a  slope  of  ODa-tenth  of  1 
per  cent.    Four  types  of  conduit  are  shown  in  Fig.  1. 

It  is  obvious  that  for  each  foot  saved  in  length  of  conduit  there  is  a  saving 
in  head  loss,  as  well  as  in  evaporation  and  seepage  losses.  The  value  of  this 
saving  is  ascertained  in  the  following  way,  taking  1,000  ft.  of  conduit,  tot 
convenience  in  calculating: 

Head  Loss. — 1,000  ft.  of  conduit  dissipates  1  ft.  head.    With  a  discharge  of 

44.6  cu.  ft.  per  second,  and  77  per  cent  efficiency,  the  horsepower  is: 

1  X446X62  5X0  77 

'■ '■ '—  =  3.9  HP.  =2.8  KW.,  less  10  per  cent  for  transmis- 

550 

sion  and  transformer  losses  =  2 .61  KW.,  at  $55 ->  $143  .50. 

Evaporation  Loss — Power   Value. — Assuming  an  evaporation  of  6  ft.  per 

annum: 

8  X  1,000  X  5  .0 

=  0.915  acre-ft.  per  year  =  0.0025  acre-ft.  per  24houn 

43,560 

B  0 .00125  cu.  ft.  per  second.,  with  a  head  of  1,500  ft. 

0.00125X1,500X62.5X0.77       ^  ,„„  „„        «  ,«,  „^     , 

=  0.162  HP.  =  0.121  KW.,  less  10  per 

550 

cent  for  transmission  and  transformer  losses  =  0 .109  KW.,  at  $55,  -■  $6. 

Seepage  Loss — Power  Value. — From  tests  made  by  Elwood  Mead  and  B.  A. 

Etcheverry,  at  the  University  of  California,  the  writer  concludes  that  the  rate 

of  percolation  through  a  3-in.  canal  lining  under  a  head  of  8.5  ft.  is  about 

0 .0043  cu.  ft.  per  hour,  or  0.103  cu.  ft.  per  24  hours. 

8  X  1,000  X  0.103 

=  0 .0188  acre-ft.  per  24  hours  =  0 .0094  cu.  ft.  per 

43,560 

second. 

0.0094  X  1,500  X  62.5  X  0.77        ,   «„    „„        ^  «„    ,^,      , 

=  1 .23    HP.  =  0 .92    KW.,    less    10  per 

550  *^ 

cent  =  0  .828  KW.;  0 .828  KW.  at  $55  =  $45  .54. 

Total  annual  power  loss,  $195.04. 

Capitalized  at  10  per  cent,  $1,950.40. 

Or  per  foot,  $1.95. 

Evaporation  Loss — Irrigation  Value. — 0.0025  acre-ft.  in  24  houiB  (from  the 
foregoing)  »>  0.00125  cu.  ft.  per  second  =  0.0625  miner's  inch.  AagwinA  35 
per  cent  loss  brfore  delivery  to  consumer: 

0.047  miner's  inch  at  40  cts.  per  miner's  inch  per  day  »  per  anmiTn,  $A.86. 

Seepage  Loss — Irrigation  Value. — 0.0188  acre-ft.  per  24  hours  (from  the 
foregoing)  «  0.0094  cu.  ft.  per  second  =  0.47  miner's  inch,  less  25  per  cent 
loss  =  0.353  miner's  inch  at  40  cts.  per  miner's  inch  per  day  ■-  per  annum, 
$51.64. 

Total  annual  irrigation  loss,  $58.50. 

Capitalized  at  10  per  cent,  $585.00. 

Or  per  foot,  $0,585. 

Summary. — Power  loss  per  foot,  $1.95;  irrigation  loss  per  foot,  0.585;  total 
loss  per  foot,  $2,535. 

The  first  cost  and  the  annual  charges  of  each  type  of  conduit  are  nozt  com- 
puted. The  annual  charges  are  taken  as  consisting  of  the  following  itttHA: 
Interest,  depreciation,  taxes,  inspection,  and  repairs.  The  "-"nual  ctuagm 
of  each  conduit  are  capitalized  at  10  per  cent  and  added  to  its  first  coet,  which 
gives  a  figure  having  a  real  comparative  value.  For  instance,  we  obtain  the 
compa.rison  between  a  lined  canal  and  a  concrete-lined  tunnel  as  foUows: 
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CONCBHTa-LZinBD  CA.NAI. 

First  Coat — Per  Foot. — Excavation,  2  cu.  yds.  at  36  cts.  >■  $0.72;  concrete, 
.25  cu.  ft.  at  $10.20  per  cu.  yd.  -  $1.67.    Total  -  $2.29. 

AnntuU  Charge. — InteroBt  at  10  per  cent,  $0.23;  depreciation,  at  2  per  cent, 
0.046;  taxes,  $0,019;  inspection,  $.01;  repairs.  $0.02;  total,  $0,325;  at  10  per 
ent,  $3.25;  total,  $5.54. 

CONCaSTK-LINKD   TUNNEL 

Excavation.  2.25  cu.  yds.  at  $5.50  «  $12.40;  concrete  and  forms,  $4.10; 
otal,  $16.50; 

Annual  Charge. — Interest  at  10  per  cent.  $1.65;  depreciation,  at  1  per  cent, 
K).165;  taxes,  $0,137;  inspection,  $0.01;  repairs,  $0.02;  total.  $1,982;  at  10  per 
»nt,  $19.82;  total,  $36.32. 

It  is  evident,  if  we  shorten  the  conduit  by  building  the  tunnel,  that  the 
irst  cost  and  the  capitalized  annual  cost  of  the  tunnel  can  exceed  the  first 
x)8t  and  the  capitalized  annual  cost  of  the  canal  by  an  amount  equal  to  the 
ength  of  conduit  saved  mulUi^ed  by  the  loss  value  per  foot  of  conduit.  This 
s  shown  by  the  equation: 

Y  (C,  +  il,)  =  Z  {Cm  +  il.)  +  (X  -  F)  F 
where 

X  =  linear  feet  of  canal, 

Y  »  linear  feet  of  tunnel, 

C»  »  estimated  cost  per  foot  of  canal,- 

As  B  estimated  annual  charges  per  foot  of  canal  capitalized  at  10  per  cent, 
Cy  «  Estimated  cost  per  foot  of  tunnel. 

Ay  s  estimated  annual  charges  per  foot  of  tunnel  capitalized  at  10  per 
cent,  and 
V  =  value  of  losses  per  foot  of  conduit. 

In  the  case  of  a  tunnel,  the  evaporation  will  be  considerably  lessened,  there- 
by effecting  an  additional  saving.  If  entirely  eliminated,  this  saving  would 
amount  to  12.8  cts.  per  foot,  as  shown  above.  This  was  reduced  to  10  cts. 
and  the  first  cost  of  tunnel  credited  with  that  amount.  Inserting  the  proper 
iralues  in  the  equation: 

Y  (16.40  +  19.82)  =  X  (2.29  +  3.25)  +  (x  -  j/)  2.63 
F  =  0 .208  X,  the  equation  of  a  straight  line. 

In  the  same  way,  two  types  of  conduit  can  be  compared  and  the  resulting 
itraight-line  equation  obtained.  The  diagram,  Fig.  2,  which  is  self-explana- 
ory,  shows  the  results.  The  following  formula  and  assumptions  were  used 
n  constructing  Fig.  2: 

OKNERAL  FORMULA 

y(Cy)  =  xCx-\-  ix  -  y)  V  -{-  X  (A)  Y  -  X  (Ay) 
Ct,  =  Estimated  cost  per  foot  of  conduit  above  line. 
Ay  »  Estimated  annual  expense  per  foot  of  conduit  above  line  capitalized 

at  10  per  cent. 
Cx  «  Estimated  cost  per  foot  of  conduit  below  line. 
A,  »"  Estimated  annual  expense  per  foot  of  conduit  below  line  capitalized 

at  10  per  cent. 

Y  ■>  Estimated  value  of  one  foot  of  canal  for  power  and  irrigation  pur- 

poses >B  $2.53. 
Tunnel  is  credited  with  10  cts.  per  foot  for  saving  in  evaporation. 
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^1 


Original 

Annual 

cost 

expenses 

per  ft. 

per  ft. 

$16.50 

$1.98 

2.30 

0.325 

4.28 

0.579 

5.88 

0.961 

7.46 

1.211 

10.64 

1.714 

5.58 

0.887 
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Valubs  Used 


unnel 

on  Crete-lined  canal 

jncrete  flume 

-in.  steel  siphon,  100-ft.  head 

-in.  steel  siphon,  200-ft.  head 

-in.  steel  siphon,  300-ft.  head 

eel  flume 

Steel  siphons  are  credited  with  $1.10  per  H,  for  saving  in  evaporation  and 
ipa^e. 

En  the  case  where  a  siphon  crossing  a  gulch  is  compared  with  a  canal  or 

me  passing  around  the  head  of  the  gulch,  the  cost  of  the  siphon  is  credited 

th  the  saving  in  evaporation  and  seepage  throughout  its  length,  which  in 

is  case  amounts  to  $1.10  per  foot. 

The  writer  realizes  that  such  a  diagram  cannot  be  relied  on  entirely  in  the 

»,tion  of  a  conduit,  for  there  are  local  conditions  on  every  piece  of  work 

dch  must  be  taken  into  account. 

Cost  Curves  Used  for  Location  of  Catskill  Aqueduct. — The  following  notes 

3  abstracted  from  matter  given  in  White's  "  Catskill  Water  Supply  of  N.  Y. 

ty"  by  J.  P.  Hogan. 

Types  of  Gravity  Aquediicts. — The  types  of  aqueduct  construction  in  order 

their  relative  cost,  provided  that  in  embankment  or  viaduct  the  elevation  of 

^ert  above  original  surface  is  relatively  small,  are  as  follows: 


lueducts   on   hy- 
draulic grade 


lueduct    below 
ydraulic  grade 


FoUowin,  natural  surface    {1;  85tand"ov« 

Above  natural  surface         1 1;  vSdSrt"*"* 
Below  natiu'al  surface  5.  Grade  tunnel 

6.  Wooden  pipe 

7.  Reinforced    concrete    pipe 
(pressure  aqueduct) 

[  8.  Steel  pipe 
Below  natiu'al  surface  9.  Pressure  tunnel 


Following   or   above 
natural  surface 


On  the  Catskill  Aqueduct,  to  avoid  contamination,  open  channel  is  not  used, 
nbankment  is  used  as  sparingly  as  i>ossible,  as  it  is  deemed  rather  unsafe  for 
aqueduct  of  this  size.  Viaduct  is  not  used  to  any  extent,  but  in  a  few 
ices  the  aqueduct  was  placed  on  arches  and  the  whole  covered  with  embank- 
mt.  Wooden  pipe  is  not  to  be  considered  for  an  aqueduct  of  this  size, 
iinforced  concrete  pipe  is  used  to  some  extent  under  heads  considerably 
s  than  100  ft. 

Comparison  between  Croton  and  Catskill  Aqueducts. — The  new  Croton 
lueduct  was  placed  entirely  in  tunnel  for  the  following  reasons:  greater 
rmanency,  decreased  likelihood  of  accident,  smaller  cost  of  maintenance, 
laller  leakage,  remote  advantage  of  being  less  vulnerable  in  time  of  war,  and 
creased  cost  of  real  estate.  These  advantages  are  very  real,  but  unless 
ere  is  some  special  condition  which  increases  the  importance  of  one  or  more 
them,  they  are  outweighed  by  the  smaller  linear  foot  cost  of  cut-and-cover 
lueduct. 

The  Catskill  aqueduct,  with  twice  the  capacity  of  the  New  Croton  aqueduct, 
st  less  than  10  per  cent  more  per  linear  foot  due  in  great  measure  to  sub- 
itution  of  cut-and-cover  for  grade  tunnel. 
Cott  Curves. — ^In  deciding  upon  the  type  of  section  to  use,  and  the  location 
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tot  the  CnlekUI  Aqueduct,  cost  curves  were  prepared  for  the  different  sectbni 
and  estlmateB  of  cost  were  made  for  alternate  llnea  wherever  possible.  Tb 
combination  of  section  and  location  that  gave  the  lowest  cost  was  used  t 
determining  the  final  location,  depending  upon  field  conditions  and  th 
advantiigea  of  the  shorter  line  and  of  eUmlnattng  curves, 

"Fig.  3  shows  cost  curves  used  for  location  of  cut-and-cover  aquedud 
In  preparing  these  curves  unit  costs  were  assumed  for  different  cIkwM  t 
work  and  applied  to  quantities  determined  by  planimetering  typical  hbcUopi 
Costa  were  thus  computed  for  every  2-ft.  dltlerence  in  center  line  elevaUoi 
for  three  dilferent  natural  conditions.  I.e.,  ground  level,  slope  tour  ocoiM  MK 
slope  three  on  one;  and  for  five  different  aubaurfsce  conditions,  i.e..  all  «actl 
all  rock  and  with  earth  overlying  rock,  4.  S  and  12  feet  respectively. 


n  per  toot  lor  Cmnpletei]  Aqueduct 


2)  timbered  tunnel  in  rock,  and  (3J  In  earth. 


lines  of  cut-and-oover  and  grade  tunnel  and  to  indicate  approxlmatci7  U 
depth  of  cut  at  which  It  would  b^  economical  to  start  turmeling. 

In  the  case  of  pressure  tunnels,  a  tentative  linear  foot  coet  was  estlnuUd  tl 
esch  turmel  for  comparison  with  alternate  cut-and-cover,  grade  tunnel  ui 
Bteel-pipe  locations. 

In  preparing  curves  of  this  kind  the  absolute  unit  prices  aie  not «(  u  miiB 
Importance  as  the  relative  prices.  If,  for  instance  the  relatlva  ptioe  < 
excavation  as  compared  to  concrete  Is  unduly  low.  the  tendency  would  be  I 
favor  the  shorter  lines.  Indeed,  the  curves  In  Fl£.  3  show  too  low  a  cmt  U 
the  type  of  aqueduct  partly  In  rock,  in  some  cases  the  coat  bting  lowv  tha 
aqueduct  In' all  earth,  due  to  the  assumption 
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used  through  rock,  the  resulting  saving  of  e3cpensiye  concrete  more  than 
balancing  the  extra  cost  of  rock  excavation.  However  this  assumption  did 
not  lead  to  any  notable  errors  in  location,  as  it  was  rarely  possible  to  choose 
the  kind  of  material  the  cut-and-cover  aqueduct  was  to  be  constructed  in. 
The  estimated  costs  for  cut-and-cover  aqueduct  used  in  preparing  the  above 
curves  were  as  follows: 

Earth  excavation Cubic  yard  $0.  30 

Rock  excavation Cubic  yard        1 .  50 

Refill  direct  from  excavation Cubic  yard        0.  30 

Refill  from  borrow Cubic  yard        0.  50 

Concrete  including  forms  and  cement. . .  Cubic  yard        7. 00 

Surface  stripping  1  foot  deep Cubic  yard        0.  60 

*  Surfacing,    smoothing,    sodding,    and 

seeding Cubic  yard  Coet  of  refill  plus  0.30 

Rubble  retaining  wall Cubic  yard        2.  00 

Fencing  one  foot  along  aqueduct Cubic  yard        1 .  00 

*  Assumed  for  surface  material  1  foot  deep. 

Unit  and  Linear  Foot  Coats  of  Aquedtuit. — It  is  interesting  to  compare  the 
original  assumption  of  unit  prices  and  linear  costs  with  the  prices  for  which  the 
contracts  were  afterwards  let.  The  original  assumptions  used  on  location  of 
the  Northern  Aqueduct  Department  were  as  follows: 

Unit  Costs 

Cut-and-cover 

Excavation        Refill  Concrete 

per  cu.  yd.  •   per  cu.  yd.      per  cu.  yd. 

Assumed  price '     SO.  50  $0. 30  $7. 00 

Contract  price 0. 68  0. 30  7. 30 

Grade  Tunnel 

Assumed  price $5. 50  $10. 00 

Contract  price 5. 17  9.15 

•  For  earth.  A  price  of  $1.50  per  cubic  yard  was  assumed  for  rock.  Under 
the  contract  there  was  no  classification. 

Linear  Foot  Costs 

Cut-and-cover 

Excav.    Refill.    Concrete    Culverts     Misc.      Total 

Assumed  price $10.32  $5.00       134.48       $1.00     $50.80 

Contract  price 12.10     5.45         35.19       $1.70.        2.90       57.34 

All  types  -~-^ 

Cut-and-cover     Grade  tunnel         Press,  tunnel 

Assumed  price $50. 80  $00. 00  $120. 00 

Contract  price 57. 34  98. 25  141.  10 

Fig.  4  shows  the  typical  cross-section  of  cut-and-cover  aqueduct  in  rock 
trench,  showing  construction  of  cover  embankment.  Rock  was  usually 
excavated  to  a  6  on  1  slope,  minimum  thickness  of  concrete  along  sides  20  ins., 
but  usually  thicker  owing  to  disintegrated  condition  of  surface  rocks. 

Fig.  5  shows  the  typical  cross-section  of  cut-and-cover  aqueduct  in  loose 
earth  and  on  foundation  embankment  and  hydraulic  elements  of  aqueduct, 
side  slopes  usually  1  on  1,  in  firm  earth  6  on  1,  and  20  ins.  minimum  thickness 
of  side  concrete,  above  concrete  slope  of  3  on  1  used. 
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ScariSei  Used  to  Looasn  Dirt  for  Irrigation  Ditcbai. — According  to  Bngt- 

seeiiPK  and  Contracting,  April  5.  1918.  a  scarifier  has  bean  used  HucceaBfuUr 
in  breaking  the  eartb  for  Irrigation  dltcbcs  on  the  70,000-acre  properties  of  the 
Crockei^Hoffman  Land  Sc  Water  Co.  in  Colorado.    The  scarifier  pulled  bj  a 


small  size  Caterpilliu'  tractor  loosened  the  earth  and  left  It  in  shape  to  be 
scooped  out  by  scrapets.  Fortj  4-mule  teams  were  used  to  scoop  out  Uie  dirt 
loosened  by  the  tractor  and  scarifier.  Prior  to  the  use  of  this  outOt.  the 
dirt  had  been  loosened  by  plows  pulled  by  mule  teams,  five  lO-mule  teami 


being  used.  Each  [low  required  three  men  to  h(dd  It,  in  addtUon  to  the  ditnr 
or  the  teams.  The  coat  of  looseoing  the  dirt  by  the  i*>w  method  ma  lUI 
per  day,  with  wages  at  f2.25  and  mulaa  at  (1  per  day.  Dnd«r  the  n 
the  cost  was  (18  per  day— the  cost  lor  the  tractor  and  or  —  "-- 
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Cost  of  Bnlargement  of  the  Main  Canal  Sunnyside  Unit — Takima  Project, 
Washington. — E.  A.  Moritz  and  H.  W.  Elder,  in  Engineering  and  Con- 
tracting. Sept.  11,  1912.  give  the  following  data. 

At  the  time  the  Reclamation  Service  purchased  the  system  in  1006  the 
capacity  at  the  intake  of  the  main  canal  was  about  650  c.f  .s.  and  its  designed 
cross-section  was:  Bottom  width  30  ft.,  depth  of  water  6  ft.  and  side  slopes  2:1. 
For  the  full  supply  flow  at  the  intake  the  section  had  to  be  enlarged  to  a  4&-f t. 
bottom  width,  8  ft.  depth  and  \\^:\  side  slopes,  giving  a  capacity  of  1,076  c.f  ji. 
A  corresponding  increase  in  section  was  required  over  the  full  length  of 
56  miles  of  the  canal. 

Methods  and  Costa  of  Enlarging  the  Main  Canal. — The  excavation  of  the 
canal  demanded  that  certain  requirements  be  met  which  controlled  to  a  laige 
extent  the  methods  to  be  adopted.  The  principal  controlling  factors  were 
the  following:  (1)  A  large  portion  of  the  work  had  to  be  done  during  the 
Irrigation  season  which  made  necessary  the  use  of  a  floating  dredge  or  some 
type  of  excavator  which  could  excavate  under  water  from  the  banks.  (2)  The 
work  on  the  upper  half  required  a  reach  of  about  70  ft.  from  the  center  of  mass 
of  excavation  to  the  center  of  mass  of  waste  bank.  (3)  The  quantity  to  be 
excavated  varied  from  about  1,200  cu.  yds.  per  station  at  the  upper  end  to  200 
cu.  yds.  per  station  at  the  lower  end,  requiring,  for  economical  work,  that 
different  methods  be  used  for  different  reaches.  (4)  It  was  desirable  to 
deposit  most  of  the  material  on  the  lower  bank,  especially  in  the  upper  reaches, 
and  furthermore  it  was  generally  impracticable  to  deposit  on  the  upper  side  on 
account  of  the  deep  cuts. 

After  a  careful  study  of  available  methods  a  combination  was  selected  which 
involved  the  use  of  a  floating  dredge  for  the  first  30  miles,  a  drag  line  excavator 
for  mile  30  to  48  and  team  excavation  for  the  remaining  8  miles.  The  final 
outcome  of  this  program  was  that  the  fioating  dredge  was  run  to  mile  20.60 
only  as  it  was  found  that  the  drag  line  machine  could  do  the  work  from  mile 
20.60  to  30  more  economically.  It  was  also  discovered  that,  on  account  of  the 
small  quantities  to  be  moved,  team  work  was  cheaper  than  drag  line  works 
below  mile  43.4.  Therefore,  instead  of  the  program  as  outlined  the  following 
resulted:  Floating  dredge  mile  0  to  mile  20.69;  drag  line  excavator  mile  20.60 
to  43.4;  and  team  work  mile  43.4  to  mile  56. 

The  concrete  drop  structures  of  which  there  are  about  18  in  the  first  30  miles 
of  canal  had  a  clearance  of  only  32  ft.  between  the  abutments,  and  as  the 
dredge  had  to  pass  through  these  the  hull  could  be  only  about  30  ft.  wideout  to 
out.  The  machine  would  nave  been  much  easier  to  handle  if  it  had  had  a 
wider  hull.  The  machine  used  is  a  3)^^  cu.  ft.  steam  driven,  continuous 
bucket  elevator  type  with  an  82  ft.  X  30  ft.  X  6  ft.  6  in.  hull,  drawing  5  ft.  of 
water.  Steam  is  furnished  by  two  80-hp.  locomotive  type  boilers  44  ins.  X 
18  ft.  Main  drive  and  ladder  hoist  are  driven  by  a  70-hp.  8  X  12-in.  double 
horizontal  engine.  Winch  machinery  for  spuds  and  for  swinging  the  dredge 
are  driven  by  a  two  cylinder,  20-hp.  6  X  6-in.  double  horizontal  engine.  Con- 
veyors are  driven  by  two  18-hp.  7  X  10-in.  single  cylinder  horizontal  engines. 
A  No.  1  Hendy  hydraulic  giant  supplied  by  a  two-stage,  6-in.  centrifugal 
pump,  belted  to  an  80-hp.  10  X  12-in.  single  cylinder,  upright  engine,  is 
mounted  on  the  bow  to  remove  banks  above  the  water  level  and  beyond  the 
reach  of  the  buckets.  Conveyors  are  72  ft.  long  and  have  seven^ply  32-in. 
rubber  conveyor  belting.  The  machine  was  furnished  by  the  Bucyrus  Co. 
of  Milwaukee,  Wis.  It  was  operated  from  Dec.  1,  1909,  to  Oct.  1,  1911,  and 
moved  021,000  cu.  yds.  of  material. 
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The  dra^  line  excavator  is  a  Lidgerwood-Crawford  IH  cu>  yd.  bucket 
machine  with  a  60-ft.  boom.  It  is  steam  driven  with  a  48  in.  x  114  in. 
vertical  boiler  and  a  9  x  10-in.  double  cylinder  engine.  A  6  X  6-in.  double 
cylinder  engine  is  used  to  turn  the  machine.  The  machine  was  fumisbed 
by  the  Lidgerwood  Manufacturing  Co.  of  New  York  City.  It  was  operated 
from  April  20,  1909,  to  Sept.  27,  1911,  and  moved  804,200  cu.  yds.  of  material. 
About  three  months  of  this  time  was  consumed  in  moving  the  machine  firom 
mile  42.7  to  mile  35.5. 

Operations  of  Elevator  Dredge — The  elevator  dredge  was  built  during  the 
spring  and  summer  of  1909  and  began  work  in  November  of  the  same  year,  but 
owing  to  the  fact  that  the  machine  was  largely  experimental  and  the  material 
excavated  was  very  hard,  very  little  progress  was  made.  A  great  deal  of 
adjusting  was  necessary  and  many  minor  breaks  occurred.  No  fair  trial  was 
made  before  the  weather  became  so  cold  that  little  could  be  aocompUshed 
because  of  heavy  ice.  No  water  could  be  run  in  the  canal  because  of  team 
excavation  which  was  under  way  at  several  points  below.  Water  was  hdd 
in  bays  by  means  of  temporary  dams  built  at  several  points  above  the  team 
worlc  Attempts  were  made  to  break  up  the  ice  by  blasting  but  it  would  form 
again  so  rapidly  that  almost  no  permanent  good  was  accomplished.  The 
machine  closed  down  for  two  weeks  during  January,  and  by  the  time  the 
ice  had  begun  to  break  up  the  water  had  become  very  low  in  the  basrs  and 
after  a  few  days  became  so  full  of  silt  from  constant  agitation  by  the  machine 
that  it  was  almost  useless  as  a  steam  supply. 

Much  excavation  had  to  be  done  that,  with  running  water  of  sufOdent 
depth,  would  have  been  unnecessary,  for  the  machine  excavated  in  some  cases 
4  ft.  below  grade  to  keep  clear  of  the  bottom.  No  great  amount  of  fresh 
water  could  be  run  in  and  the  grade  was  such  that  sufficient  d^th  to  float  the 
machine  could  not  be  maintained  after  the  temporary  dam  at  mile  1.80  was 
removed. 

A  great  deal  of  difficulty  was  encountered  in  disposing  of  excavated  mate- 
rial. So  much  water  was  carried  over  with  the  earth  and  gravel  that  a  mud 
was  formed  which  ran  out  into  the  adjoining  fields  and  orchards,  coveiiqg 
the  original  ground  to  a  depth  of  several  feet.  Bulkheads  were  built  along  the 
right  of  way  and  an  attempt  made  to  hold  the  material.  As  the  slope  upon 
which  the  material  was  deposited  was  veiy  steep,  the  material  would  fiU  to  the 
top  of  the  bulkhead  in  a  short  time  and  then  run  over  into  orchards.  Higher 
and  stronger  bulkheads  were  built,  but  this  was  foimd  to  be  very  eKpenslve. 
As  the  extremely  wet  material  could  not  be  held,  the  water  jet  which  wm 
played  into  the  water  buckets  to  aid  in  cleaning  them,  was  removed.  Tim 
six  K-in.  holes  were  bored  in  each  bucket  to  allow  the  water  which  picked  up 
with  the  dirt  to  escape.  This  accomplished  a  great  deal  toward  retaining  the 
material  on  the  right  of  way,  but  many  bucketsful  which  in  a  saturated 
condition  would  have  been  dumped  onto  the  conveyor,  stuck  in  the  bucketi 
until  they  were  loosened  by  the  vibrations  and  released.  This  usually ' 
occurred  after  the  hopper  had  been  passed  and  the  material  was  then  dropped 
into  the  canal  behind  the  digging  line  and  had  to  be  left  to  be  exicavated  by 
other  means  later. 

With  the  opening  of  the  irrigation  season  the  machine  at  once  began  doliig 
better  work.  The  material  up  to  this  time  had  been  chiefly  cement  gnvel, 
very  compact  chalky  material,  or  compact  wash  gravd.  Softer  material  was 
now  encountered,  and  the  weekly  output  increased  from  2,000  to  14,800  cu. 
yds. 
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It  was  found  desirable  at  this  time  to  make  some  improvement  in  various 
parts  of  the  machine.  A  larger  pocket  was  put  in  the  spud  drive  to  insure 
greater  power  in  sinking  the  spud  foot.  The  position  of  the  belt  conveyor 
drive  had  been  a  great  source  of  trouble  as  the  drive  sprocket  was  almost 
imder  the  end  of  the  conveyor  drum  and  caught  all  the  mud  and  water  running 
off  on  that  side.  The  sprocket  was  placed  on  the  end  of  the  shaft  outside  of 
the  bearing,  about  1  ft.  from  conveyor  belt,  thus  affording  a  better  oppor- 
tunity for  housing. 

A  great  deal  of  trouble  was  caused  when  passing  through  deep  cuts,  by  lack 
of  dumping  space.  As  built,  the  conveyor  was  fixed  rigidly  parallel  to  the 
spud  arm.  This  necessitated  depositing  all  the  material  excavated  from  one 
position  into  one  heap.  It  was  found  necessary  to  have  the  conveyor  swing 
over  a  greater  arc.  This  was  accomplished  by  removing  the  connection  be- 
tween the  spud  arm  and  the  conveyor  ladder  and  by  fixing  the  conveyor 
rigidly  to  the  deck  forcing  it  to  swing  with  the  boat  independently  of  the  spud 
arm.  Thus  as  the  buckets  made  their  swing  across  the  canal,  the  conveyor 
covers  an  arc  sufficient  to  distribute  the  spoil  as  desired. 

As  constructed,  the  spud  sleeve  was  attached  by  rivets  to  the  mast,  but  as 
this  would  not  permit  the  raising  of  the  spud  arm  a  pinion  hinge  was  put  in 
with  bolts  replacing  the  rivets  in  the  lower  part  of  the  plate  allowing  the 
spud  to  be  loosened  and  raised  readily. 

After  about  nine  months  of  operation  the  lower  tumbler  had  become  badly 
worn,  and  to  reinforce  it  the  hollow  interior  was  filled  wih  cast  iron.  This 
added  about  4,600  lbs.  of  weight  to  the  exreme  end  of  the  backet  ladder  and 
was  probably  to  a  considerable  degree  the  cause  of  the  breaking  of  the  12-in. 
I  beams  of  the  bucket  ladder.  After  this  accident  15-in.  I-beams  and  a  lighter 
tumbler  reinforced  with  manganese  steel  wearing  plates  were  substituted. 
The  wearing  plates  had  to  be  removed  after  six  months  use.  It  was  found 
necessary  to  put  similar  plates  on  the  upper  tiunbler  but  as  the  wear  was 
not  as  great  these  plates  did  not  have  to  be  renewed. 

About  a  week  after  the  ladder  was  rebuilt  with  15-in.  I-beams  these  also 
broke.  The  cause  of  this  was  not  definitely  determined  but  it  was  probably 
due  principally  to  a  torsional  moment.  The  great  bulk  of  the  material  exca- 
vated was  in  the  left  bank  and  the  buckets  cut  chiefly  with  the  left  side  causing 
&  twisting  motion  downward  and  to  the  left.  This  is  undoubtedly  a  condition 
vhich  should  be  provided  for  in  the  design  of  a  machine  for  work  of  this  kind. 

The  hull  of  the  dredge  was  constructed  only  30  ft.  wide  to  permit  it  to  pass 
numerous  drops  which  had  been  built  before  the  enlargement  of  the  canal. 
This  hull  was  too  narrow  for  stability  as  pra<;tically  all  of  the  200  tons  of 
machinery  was  above  the  deck.  The  spuds,  of  course,  served  to  maintain 
dquilibrium  except  when  raised  as  was  the  case  when  moving.  On  one  occa- 
don  when  the  spuds  were  raised  a  man  started  out  upon  one  of  the  conveyor 
adders,  causing  the  boat  to  tip.  The  crew  lost  control  of  the  boat,  which 
isted  so  far  that  water  entered  the  hatches  on  the  deck  and  caused  it  to  sink. 
[t  took  12  days  to  get  the  dredge  afloat  and  in  working  order.  On  another 
xxsision  the  dredge  was  sunk,  due  to  a  hole  being  worn  through  the  side  of  the 
bucket  well  by  the  returning  buckets.  This  time  ten  days  were  lost  in  raising 
Euid  repairing  the  dredge. 

The  typical  sections  shown  in  Fig.  6  show  the  relative  positions  of  the  masses 
moved  by  various  methods.  Much  of  the  material  was  moved  by  teams  dur- 
ing the  last  year  of  operation  because  it  had  been  found  that  with  the  short 
haul  the  material  not  needed  on  the  lower  side  could  be  disposed  of  more 
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economically  by  team  work  on  the  upper  side.  The  original  plan  had  been  to 
wash  this  material  down  with  the  giant  and  pick  it  up  from  the  bottom  with 
the  buckets  and  deposit  it  on  the  lower  side,  but  it  was  pulverized  by  tUs 
operation  and  spread  out  into  the  orchards  as  mud  when  carried  across,  which 
necessitated  the  abandonment  of  this  process.  The  fills  had  to  be  built  by 
teams  ahead  of  the  machine  as  otherwise  much  land  would  have  been  inun- 
dated when  the  old  levee  was  cut  out  by  the  machine. 

The  statement  of  costs  of  the  excavation  done  by  the  elevator  dredge 
requires  some  explanation.  The  labor  cost  is  low.  The  high  cost  chargied  to 
the  item  "spoil  banks"  is  due  to  the  fact  that  much  of  the  material  was  de- 
posited in  the  form  of  mud  and  ran  over  valuable  farm  lands  and  had  to  be 
hauled  back  when  dry  unless  it  had  been  retained  by  the  expensive  bulkheads 
built  along  the  right  of  way.  Another  reason  for  the  high  cost  of  this  item  is 
that  much  of  the  material  was  deposited  in  high  mounds  which  had  to  be 
graded  down  to  permit  ditch  riders  to  travel  over  the  levee. 
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Fig.  6. — Typical  sections  excavated  by  elevator  dredge. 


••  woven-  Wire  fence 
^oge  Brush 


The  high  cost  of  maintenance  is  due  to  the  fact  that  much  adjusting 
many  changes  had  to  be  made  to  adapt  the  machine  to  local  condittoos. 


Table   V. — Cost  Data — Elevator   Dredge   Work,   920,723   Cubic  Yj 

Uaift 
Item:  Cost  cost 

Excavation: 

Labor,  dredge $  26,060. 63      0.1 

Labor,  spoil  banks 31 ,  150. 06       0.  < 

Fuel 33.043.07      O.L 

Plant  maintenance 52 ,  327. 40       0.  OST 

Plant  depreciation 41.432. 58      0.04» 

To^l $184,922. 60      O.SOl 

Miscellaneous — Maximum  excavation  per  8-hour  shift,  1,429  ou.  yds.? 
maximum  excavation  for  one  week,  17,644  cu.  yds.  (three  shifts):  avence 
excavation  per  8  hour  shift,  557.9  cu.  yds.;  average  excavation  actuu'workbiK 
hour,  128.7  cu.  yds.;  per  cent  of  lost  time,  49;  made  up  as  follows:  moTing* 
10  per  cent;  repairs  and  miscellaneous,  39  per  cent. 

Force  and  wages — An  operating  force  consisted  of  8  men  and  4  horses. 

Wages  paid  were — Operator,  $5.00;  engineer,  $4.67;  spudman,  $3.88; 
$3.33;  oiler,  $3.00;  deckman,  $2.50;  man  and  team,  $4.50. 
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The  depreciation  item  includes  the  entire  cost  of  the  machine  charged 
acrainst  the  total  yardage.  Everything  except  the  hull  should  have  consider- 
able ssdvage  value  which  will  go  toward  reducing  the  cost. 

Fuel  had  to  be  hauled  about  three  miles  across  open  country  or  over  roads 
that  were  very  rough. 

One  of  the  most  gratifying  results  of  this  work  is  the  solid  lower  bank  pro- 
duced by  the  saturated  material  discharged  by  the  dredge  and  the  substantial 
roadway  over  it.  The  trouble  from  breaks  over  this  reach  should  be  very 
small  and  maintenance  charges  will  be  correspondingly  reduced. 

Performance  of  the  Drag  Line  Excavator. — The  reach  of  the  main  canal 
between  Miles  20.69  and  43.40  was  excavated  with  a  Lidgerwood-Crawford 
drag  line  machine.  This  machine  was  erected  during  January  and  February, 
1909.  and  b^^an  operating  at  Mile  42.67  and  worked  down-stream  to  Mile 
43.40.    An  attempt  was;  made  at  first  to  excavate  from  the  lower  side  but  was 


Typical  dections  Excavated  by  Drag  Line 
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FiQ.  7. — Typical  sections  excavated  by  drag  line  excavator. 


^unsuccessful  because  of  the  short  boom  and  inability  to  sink  the  bucket  into 
the  narrow  strip  to  be  taken  from  the  upper  side.  The  machine  was  then 
^^mantled  and  hauled  to  Mile  35.5  where  operations  were  commenced  from 
^  upper  side  of  the  canal.  A  road  had  to  be  leveled  ahead  of  the  machine 
^  all  material  not  needed  on  the  lower  side  was  dumped  on  the  upper  side 
^  the  canal.  The  extra  amount  of  road  grading,  not  anticipated  in  the  origi- 
nal schedule,  and  the  additional  work  that  had  to  be  done  to  strengthen  the 
levee  caused  the  price  per  cubic  yard  to  run  higher  than  was  anticipated. 

A  complete  section,  Fig.  7  was  excavated  from  Mile  35.5  to  Mile  38.3,  but 
^  the  time  the  machine  reached  this  point  the  demand  for  water  over  the 
^ower  parts  of  the  project  had  become  so  great  that  it  was  decided  to  take  out 
only  about  two-thirds  of  the  material  so  as  to  allow  the  machine  to  move  faster 
*nd  increase  the  capacity  over  a  greater  reach  of  canal.  It  was  found,  how- 
ever, that  the  machine  moved  very  little  faster  when  removing  a  two-thirds 
Action,  and  that  the  cost  per  cubic  yard  was  higher,  so  this  plan  was  aban- 
doned and  a  complete  section  was  excavated  throughout  the  remainder  of  the 
''ork.  A  great  deal  of  team  work  had  to  be  done  in  connection  with  the 
njachine  excavation.    The  profile  of  the  upper  bank  was  very  irregular  and 
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in  ravines  the  old  levee  had  been  almost,  if  not  entirely  destroyed.  A  road- 
way 18  ft.  wide  had  to  be  built,  and,  as  the  g^rade  could  not  exceed  5  per  oenti 
the  hills  had  to  be  cut  down  and  the  ravines  filled  up.  Where  the  neoessvy 
cut  on  hills  exceeded  5.0  ft.,  which  is  the  distance  from. the  base  of  imdk.  to 
bottom  of  engine  car,  the  cut  had  to  be  23  ft.  wide  to  permit  the  car  to  swing 
and  dump.  In  very  deep  cuts  this  placed  the  machine  so  far  b^ow  the  levd 
of  the  natural  ground  that  it  was  very  difficult  to  dispose  of  the  material  becuise 
of  the  lack  of  dumping  space.  In  some  cases  the  road  grading  was  30  percent 
of  the  entire  excavation  in  cuts;  and  as  the  material  was  often  hauled  200  ft. 
or  more  into  the  fill  ahead  the  cost  was  high.  The  team  cost  was  charged 
against  the  machine  and  the  total  cost  distributed  into  the  total  yardage. 

Much  work  was  done  on  the  spoil  banks  and  in  strengthening  the  levees  and 
was  all  charged  to  the  machine  excavation.  All  repairs  and  maintenanoe 
costs  are  included  in  the  item  "Plant  Maintenance."  The  item  "Plant 
Depreciation"  includes  the  entire  cost  of  the  machina 

An  attempt  was  made  to  show  the  amount  of  material  moved  per  hour  with 
the  machine  operating  at  various  heights  above  the  C.  G.  of  mass  excavated. 
The  results  were  about  as  follows: 


Height  above 
C.   G.   of  mass 
excavated 

5 
6 

7 
8 


Cu.  yds. 
per  hour 

80 

85 

102 

80 


Height   above 
C  G.  of  mass 

9 
10 
11 
12 


Cu.  yds. 
per.  hour 

77 
72 
65 
60 


Table   VI. — Cost   Data — Drag  Line   Excavation,   204,183   Cubic   Yasm 

Unit 
Item:  Coet  coat 

Excavation : 

Labor,  excavator $21,411.26  0.017 

Labor,  spoil  banks 24,032. 27  O.OSl 

Fuel 12,019. 78  0.015 

Plant  maintenance 27,969. 81  O.OM 

Plant  depreciation 6,786. 97  O.OOS' 

Total 993.120.09      O.lM 

Force  and  wages — One  crew  consisted  of  6  men  and  2  horses. 

Wages  paid — Engineer,  $4.00.;  fireman,  $2.85;  groundman,  $2.00;  man  and 
team,  $4.50. 

Miscellaneous — Maximum  excavation  per  8-hr.  shift,  1,170  cu.  yds. :  xnazimSB 
excavation  for  week,  16,000  cu.  yds.;  average  excavation  per  8-hoiir  ahifti 
545.5  cu.  yds.  i  average  excavation  per  actual  working  hour,  93.7  cu.  srdn. 

The  excavation  was  done  under  water  during  seven  months  of  the  jnr 
and  during  the  winter  months  when  there  was  no  water  in  the  canal  fnat 
interfered  with  the  work  to  a  considerable  extent.  Due  to  the  shape  at  tlw 
section  the  time  consumed  in  lifting  and  swinging  the  bucket  was  probably 
considerably  greater  than  on  most  excavation  with  an  equal  quantity  of 
material  to  move. 

Team  Excavation. — From  Mile  43.4  to  the  end  of  the  canal  and  at  OtlMK 
points  where  the  material  was  too  hard  for  the  excavators  to  move  the  < 
tion  was  done  by  hand  and  teams.  The  total  quantity  moved  of  all 
was  583,400  cu.  yds.  at  an  average  cost  of  37.5  cts.  per  cubic  yard.  McMt  4 
this  work  was  done  by  force  account  and  under  widely  varying 
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ib.  of  the  material  was  of  such  a  nature  as  to  make  its  s^regation  into  the 
irent  classes  very  difficult  but  approximate  classification  is  as  follows: 
»  1 — earth,  445,000  cu.  yds.;  Class  3 — rock,  41,000  cu.  yds.;  Class  2 — all 
iT  material,  97,400  cu.  yds.  All  the  work  was  done  during  the  winter 
iths  and  much  frozen  material  which  otherwise  could  readily  have  been 
i^ed  had  to  be  blasted. 

ost  of  Concrete  Lining  for  Irrigation  Canals. — In  a  report  by  Samuel 
:,ier,  U.  S.  Dep't  of  Agriculture,  abstracted  in  Engineering  and  Contracting, 
.  10,  1915,  the  following  facts  are  given. 

orth  Side  Ttvin  Falls  Land  A  Water  Co.,  Milner,  Idaho. — This  company 
1  8,400  ft.  of  its  main  canal  to  increase  its  capacity.  The  canal  is  carried 
several  hundred  feet  along  a  rough  lava  rock  cliff  and  is  60  ft.  above  low 
iT  in  the  river.  The  outer  bank  through  this  section  is  a  concrete  retain- 
wall.  The  remainder  of  the  lined  section  is  excavated  almost  wholly  in 
I  lava.  The  grade  varies  from  0.001  in  narrow  places  to  0.0002  and 
025  in  the  wider  sections.  The  canal  was  emptied  Oct.  10,  1909,  and  the 
i.  of  preparing  it  for  the  concrete  was  commenced  as  soon  as  the  channel 
dried  sufficiently.  In  i^aces  for  several  hundred  feet  from  the  head-gates 
canal  bed  was  considerably  below  grade.  The  rock  projecting  into  the 
d  section  in  the  sides  and  bottom  was  blasted  and  smoothed,  the  low 
es  being  filled  to  subgrade,  with  broken  stone  and  puddled  earth.  An  8-in. 
kness  of  concrete  was  applied  to  the  sides  of  the  rock,  sections  and  a  6-in. 
kness  to  the  bottom.  The  sides  of  the  rougher  rock  sections  were  rip- 
>ed  to  secure  a  better  alignment  and  to  save  concrete.  Cavities  and  large 
clarities  were  back-filled  with  stones  and  puddled  earth.  It  seems  to  the 
er  that  the  6-in.  thickness  laid  on  the  bottom  of  rock  sections  might  have 
I  reduced  to  3  or  4  ins.  if  the  bed  had  been  better  prepared  by  replacing 
aely  crushed  stone,  compressing  this  material  by  rolling  to  secure  an  even 
ice  and  uniform  grade,  as  is  done  in  macadamized  road  construction, 
he  concrete  was  composed  of  a  1:3:6  cement,  sand,  and  crushed  stone 
;ure,  but  whenever  a  well-gtaded  crushed  stone  could  be  secured  sand  was 
;ted  and  the  concrete  was  made  of  1  part  cement  to  6  parts  crushed  stone 
L  which  all  particles  over  lyi  ins.  in  diameter  had  geen  excluded. 
L  earth  sections  the  lining  of  the  sides  and  bottom  was  4  ins.  thick  and  had 
slopes  of  l^i  to  1.  Expansion  joints  of  corrugated  iron  were  inserted 
y  16  to  20  ft.  along  the  sides  and  bottom  except  in  the  bottom  of  the  rock 
ens.  These  joints  consisted  of  pieces  of  corrugated  iron  cut  into  strips 
\.  wide  containing  1)4  corrugations,  these  being  designed  to  lock  the  edges 
Ijacent  sections  and  to  prevent  slipping. 

le  side  walls  in  the  rock  sections  were  supposed  to  have  a  slope  of  1  to  4; 
in  many  places  where  this  would  have  necessitated  the  blasting  of  large 
unts  of  rock,  walls  were  made  almost  vertical.  Heavy,  collapsible  forms 
•in.  lumber  were  u.sed  in  placing  concrete  f  pr  the  walls  which  approached 
(rertical.  The  concrete  was  wheeled  directly  from  the  mixers  and  spread 
oiform  layers  4  ins.  thick  over  the  bottom  and  on  the  sides  of  the  easier 
3S  in  earth  sections.  Concrete  placed  within  forms  made  of  4  X  4-in. 
ber  was  compacted  by  tamping  and  finished  by  working  24-ft.  floats  made 
X  6-in.  timbers  back  and  forth  over  the  upper  surface  of  the  forms. 
y  cubic  yards  of  concrete  per  day  were  sometimes  laid  in  this  way  by  one 
f  working  under  favorable  conditions.  The  sides  and  slopes  were  finished 
I  a  coat  of  cfflnent  mortar  whenever  the  surface  was  rough  enough  to  war- 
it. 


632  HANDBOOK  OF  CONSTRUCTION  COST 

The  unusually  high  cost  of  this  work  was  largely  due  to  the  di£9culty  of 
preparing  the  rock  cut  for  the  lining  and  to  the  absence  of  sand  ^d  gnM 
which  made  it  necessary  to  crush  rock  for  Oie  concrete.  However,  a  greater 
factor  than  either  of  these  was  the  added  expense  due  to  the  necessity  of  prose- 
cuting the  work  during  severe  winter  weather.  To  do  this  the  canal  wu 
roofed  over  for  a  distance  of  2,000  ft.  and  the  inclosed  space  warmed  by  speci- 
ally constructed  heaters,  using  sagebrush  for  fuel.  The  cost  of  labor  and 
material  was  as  follows: 

Laborers,  per  day  of  10  hn %            2. 50 

Drillers,  per  day  of  10  hrs 2. 75-3.00 

Engineers  (steam),  per  day 3. 00-4. 00 

Man  and  team,  per  day 6. 00 

Coal  per  ton,  f .  o.  b.  Milner 6.50 

Cement  per  barrel,  f .  o.  b.  Milner 2.  59-2. 80 

Cost  of  cruBhing  rock,  per  cu.  yd 1. 10 

Cost  of  labor  for  placing  concrete,  per  cu.  yd 2. 76 

Complete  cost  of  material,  mixing  and  placing  concrete  for  form 

work  only,  per  cu.  yd 8.  SO 

Same  without  forms 7. 50 

Cost  of  rock  excavation  (light  cuts  from  0.4  to  2  feet),  per  cu.  yd..  5.00 

Cost  of  placing  riprap  1  foot  thick,  per  cu.  yd 2. 00 

Total  cost  of  preparing  8,400  lin.  ft.  of  canal  for  concrete 75,000.00 

Gross  cost  of  limng  8,400  lin.  ft.  of  canal 200,000.00 

Average  cost  of  concrete,  per  cu.  yd 8.00 

« 

Main  South  Side^  or  New  York  Canal,  United  States  Reclamation  Serwict, 
Boise,  Idaho. — This  canal  is  designed  essentially  to  carry  flood  water  from  a 
point  on  the  Boise  River,  nine  miles  above  Boise,  to  the  Deer  Flat  reservoir, 
a  distance  of  36  miles.  Seventy  thousand  acres  of  land  is  also  watered  fram 
the  canal  before  the  reservoir  is  reached.  About  6H  miles  of  the  canal  ww 
lined  to  prevent  seepage,  increase  the  carrying  capacity,  and  for  the  safely 
of  sidehill  sections  where  breaks  frequently  occurred.  The  canal  is  an  dkl  aub, 
originally  built  with  side  slopes  of  IH  to  1,  but  the  change  and  filling  up  of  the 
section  common  to  old  canals  necessitated  considerable  preliminary  woik  in 
the  removal  of  very  gravelly  earth  and  in  shaping  the  sides  before  the  coiibnli 
could  be  laid.  The  lined  section  has  a  grade  of  0.00025  to  0.00032  and  8io|M 
of  IH  to  1.  Forms  of  4  X  4-in.  lumber  were  placed  upon  the  slopes  sad 
aligned,  after  which  the  surface  between  the  forms  was  smoothed  and  thor- 
oughly hand  compacted.  A  uniform  layer  of  concrete  4  ins.  thick  was  then 
applied. 

After  heavy  stripping,  a  good  natural  mixture  of  sand  and  gravel  was  second 
adjacent  to  the  canal.  This  was  hauled  by  slip  scrapers  up  a  runway  and 
dumped  into  the  mixers,  which  were  placed  high  enough  to  permit  dischaiglBg 
the  concrete  directly  into  one-horse  carts.  The  concrete  was  a  1 :3:6  miztars 
of  Portland  cement,  sand,  and  gravel.  It  wus  laid  in  sections  measuring  8  )iC 
16  ft.  on  the  slopes  and  8  X  16  or  16  X  16  ft.  on  the  bottom.  The  lining  wss 
laid  in  alternate  sections  to  make  room  for  the  workmen,  and  the  upfper 
tions  were  usually  the  first  completed.  As  soon  as  the  concrete  of  the  IM 
sections  had  set,  the  forms  were  removed  and  the  intermediate  8ecti<His  fiUed 
in.  Expansion  joints  of  one  thickness  of  tar  paper  were  used  between  i 
in  part  of  the  work. 

After  being  diunped  from  the  cars,  the  concrete  was  worked  down  and  Istsr 
smoothed  by  drawing  long  floats  made  of  2  X  6-in.  timbers  faiack  and  ftKth. 
across  the  forms.  In  order  to  get  a  smooth  face,  the  surface  was  painted  with 
a  1  to  2  finishing  coat  of  cement  mortar  as  soon  as  the  concrete  was  placed  i 
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B  lining  was  kept  wet  by  sprinkling  for  a  period  of  seven  days  after 
1.  It  was  protected  from  nightly  freezes  during  the  early  part  of  the 
coYoring  with  a  layer  of  straw,  and  during  some  freezing  weather  in 
:  part  of  the  work  some  concrete  was  laid  under  large  tents  heated  by 
Some  of  the  cost  items  are  as  follows: 

I  canal  section  for  lining,  per  lin.  ft.,  approximately $2. 80 

gravel  to  mixers,  per  cu.  yd 1. 14 

nd  placing  cbncrete,  per  cu.  yd 2. 20 

t  of  concrete,  including  cement,  per  cu.  yd 7. 70 

t  of  concrete  in  place,  per  lin.  ft 0. 64 

yet  barrel,  f.  o.  b.  Boise - 2. 27-2. 60 

labor,  per  day 2.  60 

team,  per  day 6. 00 

rn  Pcu^ific  Irrigation  Co.,  Kennewickt  Wash. — During  the  winter  of 
this  company  lined  22.500  ft.  of  ditches  on  the  "Highlands"  at 
ck  to  eliminate  heavy  seepage  losses.  The  soil  through  which  these 
re  built  is  principally  a  fine  sandy  loam  overlying  gravel  at  a  depth 
.  to  2  ft.  One  ditch  10,800  ft.  long,  3  ft.  wide  on  the  bottom,  with 
Bs  of  }^  to  1  and  a  vertical  depth  of  26  ins.,  is  designed  to  carry  18 
Another  ditch  having  in  part  a  bottom  width  of  3H  ft.,  side  slopes  of 
nd  a  vertical  depth  of  19^  ins.  is  designed  to  carry  14  sec.-ft.  This 
■educed  to  a  bottom  width  of  2H  ft.,  but  with  the  same  side  slopes 
h  as  the  upper  part.  The  concrete  used  was  a  1:3:4  mixture  of  ce- 
id,  and  crushed  rock. 

>aration  for  lining,  center  grade  stakes  were  set  and  the  bottom  of  the 
>ught  to  grade.  Scantlings  2X4  ins.  were  then  placed  across  the 
»f  the  ditch  at  12-ft.  intervals  at  right  angles  to  the  center  line  and 
ti  the  subgrade.  Three  forms  12  ft.  long  were  then  set  in  the  ditch 
OSS  strips  and  centered.  Earth  was  shoveled  and  tamped  behind  the 
secure  the  desired  section.  There  were  14  men  in  a  crew  on  this  work, 
he  earth  sections  were  prepared  in  this  way,  2  X  2-in.  screeds  were 
intervals  of  5  ft.  8  ins.  and  upon  them  forms  6  ft.  long  were  set  on 
ler  space.  The  concrete  was  mixed  with  a  one-third  yard  mixer, 
o  place  and  dumped  on  planks  laid  on  top  of  the  forms.  It  was  then 
behind  the  forms  and  lightly  tamped.  Strips  of  sheet  iron  were 
>ehind  the  forms  to  protect  the  slope  while  the  concrete  was  being  put 
K)  to  prevent  a  too  rapid  loss  of  water  from  the  mixture  by  its  contact 
Irier  earth.  These  strips  were  raised  as  the  filling  progressed.  Two 
5  men  each  placed  the  concrete  behind  the  forms,  2  men  wheeled  to 
r,  and  about  5  men  were  employed  to  move  forms,  etc.  About  6  men 
the  mixing  crew  and  2  others  plastered  rough  places  in  the  lining, 
jpt  in  the  finished  ditch  a  few  hundred  feet  in  the  rear  of  the  work  was 
&head  to  the  mixer  with  a  small  gasoline  engine, 
igineer  stated  that  in  one  hour  a  crew  could  place  about  six  sections, 
ft.,  of  the  lining  in  the  ditch  having  a  3-foot  bottom. 
Yakima  Irrigation  Co.,  Richland,  Wash. — The  canal  of  this  company 
the  Yakima  River  for  several  miles,  where  the  earth  sections  run 
hrough  coarse  gravel,  boulders,  or  shattered  basaltic  rock.  The 
r  of  the  system  is  very  largely  built  through  sand.  In  the  unlined 
;he  seepage  losses  were  excessive,  and  through  the  sand  it  was  also 
o  maintain  the  ditch  owing  to  its  tendency  to  fill  up  both  by  drifting 
xx>unt  of  the  flat  side  slopes  which  the  sand  naturally  assumed  under 
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the  action  of  water.  The  lining  was  intended,  therefore,  not  only  to  reduoe 
the  loss  of  water,  but  to  increase  the  carrying  capacity  of  the  ditch  and  render 
it  more  stable  and  easy  to  maintain.  About  five  miles  of  the  ditch  was  lined 
in  1910.  The  company  furnished  all  materials  used  and  prepared  the  channel 
for  lining,  but  the  other  work  was  done  by  contract. 

In  preparing  the  ditch,  center  stakes  were  set  about  1^  ins.  above  grade,  to 
which  the  excavating  was  roughly  done  with  teams  and  scrapers.  At  intervals 
of  about  25  ft.  along  the  bottom  of  the  side  slopes  stakes  were  set  to  grade,  and 
from  these  the  top  slope  stakes  were  set  by  the  use  of  a  slope  triangle.  Nails 
were  driven  into  the  grade  stakes  and  chalk  lines  were  stretched  on  them  par- 
allel to  the  ditch.  Trimming  to  these  lines  was  done  then  with  square-pointed 
shovels  and  the  slopes  and  bottom  scraped  to  smooth  surfaces  with  straight 
edges.  The  sides  and  bottom  were  tamped  lightly  with  wooden  tampers  and 
sprinkled  before  the  lining  was  applied.  The  section  lined  has  a  bottom  width 
of  IIH  ft.,  side  slopes  of  1}4  to  1,  and  a  wetted  perimeter  of  26 ^  ft. 

The  three  mixers  used  were  operated  on  planks  in  the  bottom  of  the  ditch  in 
advance  of  the  work.  With  each  mixer  there  was  a  crew  of  about  25  men  and 
in  addition  a  finishing  crew  of  5  or  6  men  to  dress  the  earth  surfaces  immedi- 
ately ahead  of  the  mixer.  One  rock  crusher  was  also  operated,  the  crushed 
rock  being  hauled  an  average  of  2  miles.  Most  of  the  sand  was  procured  from 
pits  along  the  line  of  the  canal  and  was  used  without  screening.  The  lining 
was  laid  in  8-ft.  sections  1^  ins.  thick;  with  strips  of  building  paper  in  the 
joints  between  the  sections.  Four  hundred  feet  of  lining  was  considered  a 
good  day's  work  for  a  crew.  A  1:3:4  mixture  of  concrete  was  used  for  moft 
of  the  lining,  but  on  one  section  a  1 :4  mortar  applied  1  in.  thick  was  considerBd 
just  as  good  as  the  thicker  lining  of  concrete,  besides  being  much  eaaierto 
apply. 

The  lining  in  gravel  sections  leaked  considerably  the  first  season,  piemmH 
ably  because  allowed  to  dry  too  rapidly  on  account  of  lack  of  water  for  keepliig 
it  moist  after  laying.  In  work  that  was  done  the  following  year  this  dlflOculty 
was  obviated  by  allowing  a  small  amount  of  water  to  flow  in  the  ditch  soon 
after  lining,  using  check  dams  to  prevent  its  interference  with  construction. 
Men  wearing  rubber  boots  then  waded  along  and  with  shovels  or  buckets 
threw  water  upon  the  side  slopes  at  frequent  intervals  to  keep  the  conciete 
wet  while  setting.  Where  lining  had  been  placed  on  moistened  sand,  the 
results  were  better  than  in  the  sections  through  gravel,  there  being  no  percepti- 
ble leakage.  Conditions  in  the  gravel  portion  improved  with  the  first  yeer's 
use  of  the  lined  sections,  after  which  the  seepage  was  considerably  lessened. 
The  various  items  of  cost  secured  are  as  follows: 

Laborers  per  day  of  10  hours,  without  board $         2.  60 

Man  and  team  per  day,  without  board 4.  60 

Contract  price  per  sq.  ft.  for  mixing  and  laying  concrete .026 

Cement  per  barrel* 3. 10 

Sand  per  cu.  yd.,  approximately .  50" 

Total  cost  of  lining,  per  sq.  ft .  065 

Total  cost  of  lining 0,064.40 

*Thia  does  not  include  an  8-mile  haul  over  heavy  roads. 

During  February  and  March,  1011,  the  company  placed  additional  Unlng, 
using  practically  the  same  methods  above  described,  except  that  all  work  wu 
done  by  force  account.  The  prices  for  labor  and  material  indicate  that  the 
work  was  done  considerably  cheaper  than  in  the  previous  year.    Laboran 
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were  procured  for  $2  per  day  without  board  and  men  with  teams  for  $4  per 
day  each.    Cement  cost  92.95  per  barrel  delivered  at  the  work. 

Belgo-Canadian  Fruit  Lands,  Kelowna,  British  Columbia. — ^About  3,000 
ft.  of  this  compcuiy's  main  canal,  11  miles  long,  and  about  4  miles  of  its  lateral 
ditches  have  been  lined  with  concrete  to  prevent  seepage  losses  in  a  poroua 
soil.  On  the  main  canal  a  3-in.  thickness  of  lining  has  been  used  for  a  finished 
section  having  a  bottom  width  of  3.5  ft.,  depth  3.75  ft.,  and  side  slopes  of  >^ 
to  1.  Lateral  linings  are  2H  to  3  ins.  thick  on  slopes,  with  a  3>in.  thickness 
on  bottoms  which  vary  in  width  from  9  ins.  to  2  ft. 

After  excavating  the  channel  to  be  lined,  a  drain  filled  with  loose  rock  or 
grav^  was  made  beneath  the  bed.  Cross  drains  from  this  through  the  lower 
bank  were  placed  at  500-ft.  intervals.  The  forms  were  then  set  and  bolted 
together.  Galvanized-iron  plates  placed  outside  the  forms  were  spaced  with 
pieces  of  lumber,  and  after  the  earth  was  back-flUed  and  tamped  behind  the 
plates  concrete  was  poured  between  them  and  the  forms.  The  galvanized 
plates  and  spacing  pieces  were  withdrawn  as  the  space  was  filled  with  concrete. 
The  bottom  of  the  ditch  was  then  floated  in  and  the  edges  smoothed,  using 
for  this  purpose  the  excess  concrete  which  had  passed  over  the  forms.  The 
forms  were  left  in  place  48  hours. 

Curves  were  made  by  using  special  short  forms  having  the  outer  edge 
superelevated  ^  to  1  in.  according  to  the  degree  of  curvature.  In  placing 
the  concrete  around  sharp  curves,  special  galvanized  plates  were  used  to  close 
the  gap  at  the  outer  edge  of  the  forms. 

No  cost  data  could  be  secured  on  the  Uning  of  the  main  canal.  The  cost  of 
lining  laterals  per  square  foot  and  exclusive  of  excavation  varied  from  $0,118 
in  the  larger  to  $0,142  in  the  smaller  ones.  These  costs  include  excavation, 
back-filling,  rock  drains  and  supervision.  The  work  was  done  late  in  the  ifall 
when  protection  against  frost  increased  the  cost.  Cement  cost  $3.75  per 
barrel  delivered,  conunon  labor  $2.75  per  day,  and  skilled  labor  $4  per  day. 

Tucson  Farms  Co.,  Tucson,  Ariz. — The  water  for  this  project  Is  obtained  by 
pumping  from  numerous  wells.  During  the  winter  and  spring  of  1912-13 
a  reinforced  concrete  lining  was  placed  in  about  2>^  miles  of  the  new  main 
canal  for  the  prevention  of  seepage  losses  through  a  sandy  and  gravelly  soil. 
The  canal  has  a  trapezodial  cross  section  entirely  in  excavation  and  as  lined 
is  capable  of  carrying  a  2.9-ft.  depth  of  water.  The  bottom  width  ranges  from 
2  to  4^  ft.  and  the  side  slopes  are  1  to  1.  The  greater  part  of  the  concrete 
used  in  this  construction  is  a  1:4:4  mixture  and  the  lining  is  3  ins.  thick 
throughout. 

In  grading  the  channel  for  lining,  a  framed  template  was  used  to  get  a  true 
section.  The  reinforcement  is  made  of  round  steel  bars  intersecting  at  right 
angles  and  wired  together.  Four  longitudinal  bars,  Ke  in.  diameter,  were 
placed  one  on  each  side  of  the  bottom  for  the  lining  floor  and  one  on  each  side 
near  the  top  of  the  side  walls.  Then  at  right  angles  to  these,  as  stated,  yi-in.. 
crossbars  were  spaced  12  ins.  apart.  Each  crossbar  was  continuous  and  ex- 
tended from  the  top  of  the  lining  on  one  side  through  the  lining  to  the  top  of 
it  on  the  opposite  side  of  the  canal.  When  it  Is  not  possible  to  obtain  the 
K-in.  bars,  Ke-in.  bars  we^e  substituted  and  spaced  18  ins.  apart. 

Wooden-framed  forms  built  in  12-ft.  sections  were  then  set  in  position  over 
the  steel  reinforcement,  blocked  to  place,  and  the  adjoining  ends  bolted  to- 
gether. Then  >^-in.  steel  backing  plates,  2  ft.  wide  and  long  enough  to  reach 
to  the  bottom  of  th6  earth  section,  were  slipped  behind  the  forms  and  under 
the  reinforcement.    Before  placing  the  concrete,   wooden  spreader-strips, 
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2X3  ins.  were  set  between  the  wooden  forms  and  the  backing  plates.  Eadi 
spreader  contained  a  staple  driven  almost  full  length  into  its  side  near  tbe 
bottom,  and  in  setting  the  spreader  the  staple  loop  was  slipped  over  the  aid  of 
the  crossbar  and  the  spreader  was  then  slid  into  position.  In  this  way  the 
bar  was  carefully  held  in  position  while  the  concrete  was  being  placed  inttie 
forms.  A  spreader  was  set  beside  each  crossbar,  and  as  the  concrete  for  the 
side  lining  was  tamped  and  puddled  into  place  the  spreaders  were  gradually 
removed,  leaving  the  crossbars  firmly  embedded  in  the  concrete.  The  steel 
plates  likewise  were  withdrawn  as  the  walls  were  built  up.  When  the  side 
forms  were  filled  with  concrete  to  within  3  ins.  of  the  top,  the  longitudinal 
bars  were  placed  and  wired  to  the  crossbars.  The  remaining  concrete  was  thai 
placed  and  smoothed  with  an  edging  trowel. 

Expansion  joints  were  provided  by  setting  1  X  3-in.  wooden  strips  In  the 
middle  of  each  form  in  the  same  manner  as  the  spreaders,  except  that  no 
staples  were  used  and  the  Joint  strips  were  not  removed  afterwards.  To  keep 
them  in  position  while  concrete  was  being  deposited,  each  one  was  Ugfatiy 
nailed  to  the  side  of  the  form,  aud  before  the  latter  was  removed  the  nalle 
were  withdrawn.  The  forms  were  left  intact  for  a  period  of  8  hours  at  least, 
and  they  usually  remained  undisturbed  over  night  during  a  period  of  14  to  30 
hours.  After  their  removal  any  defects  in  the  wall  surface  were  "picked" 
out  and  the  cavities  smoothly  plastered  with  a  1:1H  oi*  2  cement  mortar. 

The  canal  bottom  was  then  carefully  cleared  of  litter,  its  surface  smoothed, 
and  solidly  tamped.  All  reinforcement  bars  that  may  have  become  bent 
were  straightened.  The  bottom  piece  of  the  expansion  joint  was  fitted  to  the 
two  side  pieces  and  its  top  carefully  laid  to  grade.  The  concrete  for  the  floor 
lining  was  then  tamped  and  puddled  into  place,  and  when  it  had  reached  the 
required  thickness  the  surface  was  easily  brought  to  grade  and  smoothed  by 
the  use  of  a  straightedge  resting  on  the  bottom  joint  strips  as  guides.  Tbe 
entire  lining  was  kept  wet  by  continual  sprinkling  during  a  period  of  three  to 
five  days.  After  this  was  discontinued  a  wash  coat  of  neat  cement  mortar 
was  applied  to  the  surface  with  a  brush. 

A  1:4:4  mixture  of  concrete  was  used  on  all  the  work  except  for  about 
1,000  ft.  of  bottom  where  there  was  excessive  external  water  pressure.  In 
this  portion  of  the  canal  a  1  : 3.2  : 3.2  mixture  was  used.  As  a  further  protec- 
tion in  one  very  wet  and  miry  place,  additional  reinforcement  was  used  in  the 
bottom.  Extending  over  a  length  of  about  5,000  ft.  of  the  largest  canal  section 
near  the  Santa  Cruz  River  bed,  "weep  holes"  were  formed  in  the  bottom  to 
relieve  external  water  pressure.  Two-inch  tapering  plugs  extending  entirely 
through  the  lining  floor  were  set  in  the  freshly  laid  concrete  and  these  plusa 
were  later  removed  as  soon  as  the  concrete  had  set  sufficiently  to  retain  its 
shape.  Two  rows  of  these  holes  were  made  2^  ft.  apart  and  si>aced  4  ft. 
longitudinally.  During  construction  a  considerable  portion  of  the  canal  wu 
drained.  A  line  of  8-in.  tiling  was  laid  in  the  bottom  and  pumps  attadied 
thereto  were  installed  at  intervals  of  about  1,000  ft.  to  withdraw  tl^  accumu- 
lated water. 

The  contractor  received  $12.50  per  cubic  yard  for  the  flnished  concrete 
lining,  using  slab  measurement.  This  included  all  costs  except  the  original 
purchase  price  of  the  steel  reinforcement.  However,  no  excavation  was 
included  and  the  company  paid  extra  for  the  wash  coat.  The  contractor 
rented  a  rock  crusher  and  delivered  the  rock.  Sand  was  obtained  from  the 
river  bed. 

All    concrete    was    mixed    by    hand  and  transported  in  wheelbanowi. 


J 
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B  work  was  performed  with  gangs  of  about  30  men,  paid  for  a  O-hour  day. 
Follows: 

1  foreman $4. 00 

Mixing  boss  and  2  plasterers 2. 50 

2  water  boys 1. 00 

25  men 2. 00 

The  gang  was  used  in  the  following  manner :  Eight  men  on  mixing  board,  2 
ipers,  2  men  pulling  plates  and  spreaders,  2  men  setting  forms  and  putting 
sxpansion  joints,  2  men  laying  steel  reinforcement,  14  men  transporting  and 
•ositing  materials  and  concrete,  finishing,  screening  sand,  etc.  The  forms 
"e  usually  all  moved  at  one  time  and  the  whole  force  engaged  on  that  work, 
-equired  this  gang  21  days  to  place  lining  in  3.000  ft.  of  canal  in  dry  exca- 
ion  having  a  bottom  width  of  3  ft.  The  cost  to  the  contractor  was  dis- 
puted as  follows: 

»or,  including  the  building  of  forms $1,297. 88 

L2.sacka  ofment,  at  $0.81  each   , 1,386.72 

cu.  yds.  of  rock,  at  $1.75  per  cu.  yd 406. 00 

cu.  yds.  of  sand,  al  $0.75  per  cu.  yd 174.  Od 

nber  in  15  sections  of  12-ft.  forms,  3,900  ft.  B.  M.,  at  $30  per  M.  .  117.00 

nber  for  expansion  joints,  750  ft.  B.  M.,  at  $30  per  M 22.  60 

nber  for  spreaders,  runways,  etc.,  750  ft.  B.  M.,  at  $30  per  M. .  22.  5Q 

ter  purchased  from  the  city  of  Tucson,  21  days  at  $2 42. 00 

ilin^  steel  reinforcement 10.  00 

n-eciation  of  plant,  breakage  of  tools,  etc 20. 00 

ce   expenses   and   expenses   of   contractor   and   superintendent, 

mounting  to  about  $2  per  day  for  this  gang,  21  dajrs 42. 00 

Total $3,540. 66 

Jomputations  made  on  the  above  basis  for  298.9  cu.  yds.,  the  cost  was 
.845  per  cubic  yard.  However,  there  were  in  addition  the  following  costs 
he  Tucson  Farms  Co. : 

9,300  lbs.  of  steel,  at  $0.04 $372. 00 

One  coat  of  cement  wash,  34,500  sq.  ft.,  at  $0.0025 86.  25 

Kngineering,  about  5  per  cent 195. 00* 

Total $653750   '*^ 

>n  this  basis  the  actual  cost  of  the  completed  lining  was  $14.03  per  cubic 

d. 

lost  of  Lining  an  Irrigation  Canal  With  Concrete. — In  a  paper  by  E.  M. 

indler,  before  the  Washington  Irrigation  Inst.,  and  abstracted  in  Engineer- 

and  Contracting,  June  2,  1915,  the  following  data  are  given. 

'he  canal  lined  was  a  used  canal  of  the  Burbank  Power  &  Water  Co.,  Bur- 

k.  Wash.     Construction  methods  were  carefully  planned  in  advance  and 

owed  without  variation.     The  canal  bed  was  settled  with  water  for  two 

sks,  the  canal  being  divided  into  short  compartments,  and  water  permitted 

un  from  the  upper  compartments  to  the  lower  for  filling. 

if  ter  canal  settlement,  line  and  grade  stakes  were  set  every  five  feet,  each 

(e  being  a  hub  with  center  marked  and  its  top  set  to  the  final  concrete 

ie.     The  pre-determined  width  of  the  strips  was  5  ft.    The  pre-determined 

:kness  of  concrete  of  lining  was  0.2  ft.,  the  base  6  ft.,  depth  of  canal  3  ft.  and 

>  slopes  l\it  to  1 — the  carrying  capacity  being  60  sec.  ft. 

nth  the  line  and  grade  set  once  and  for  all,  templates  were  constructed 

Ing  the  exact  thickness  of  the  proposed  lining  and  the  exact  shape  of  the 
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finished  canals.  With  the  line  and  grade  stakes  and  a  carpenter's  level,  it  wu 
possible  for  the  woricmen  to  trim  the  sub-grade  precisely  as  it  should  be. 
This  work  was  carried  on  a  few  hundred  feet  in  advance  of  the  canal  lining. 
Accurate  work  at  this  point  was  very  essential  to  secure  uniform  thickneBs  of 
lining. 

Sand  and  gravel,  after  being  run  through  a  l^i-in.  rotary  screen,  was  found 
in  natural  proportions  about  one  mile  from  the  center  of  the  work.  This  was 
hauled  by  contract  at  $1.75  per  cubic  yard  measured  in  the  finished  lining  and 
placed  in  piles  above  the  canal  150  ft.  apart  and  15  ft.  back  from  the  slope  of 
the  canal,  the  slope  of  the  ground  above  the  canal  not  being  very  great.  Ex- 
perience subsequently  proved  that  the  pUes  of  gravel  might  better  have  been 
200  ft.  apart. 

Two  steam  driven  concrete  batch  mixers  mounted  on  trucks  and  equipped 
with  side  loaders  were  started  at  the  center  of  the  canal  to  be  lined  (8,250  ft.) 
each  working  away  from  the  other  and  endeavoring  to  obtain  its  end  of  the 
lining  first.  The  mixers  were  moved  from  pile  to  pile  on  plank  runways  and 
pushed  by  the  men — the  mixers  being  on  the  upper  side  of  the  canal  at  all 
times  and  passing  between  the  canal  and  the  line  of  piles  of  gravel.  For  each 
mixer  outfit,  a  movable  trough  or  chute  was  provided  for  taking  the  discharge 
of  the  mixer  and  depositing  it  in  the  concrete  carts  in  the  bottomof  the  canal. 
The  lining  was  laid  at  two  points  for  each  mixer,  starting  75  ft.  on  each  aide  and 
working  toward  the  mixer.  Plank  runways  in  the  canal  bed  were  provided 
and  one  concrete  cart  for  each  laying  gang  was  employed. 

The  mixture  was  made  on  the  basis  of  1  bbl.  of  cement  to  1  cu.  yd.  of  fin- 
ished concrete,  or  about  1  to  7,  and  made  as  wet  as  the  side  slopes  would  per- 
mit. Two  men  in  each  laying  gang  placed  the  concrete  roughly  with  square 
pointed  shovels,  one  man  helped  dump  the  concrete  carts  in  the  bottom  of  the 
five-foot-strip  being  lined,  and  between  times  made  ready  the  next  strip  and 
dampened  the  subgrade,  while  a  fourth  man  in  each  laying  gang  trowelled  tha 
rough  concrete  into  the  finished  shape. 

Three  men  were  required  for  each  mixer  to  supply  the  raw  materials  to  the 
machine,  one  man  for  fireman  and  engineer,  one  man  to  dump  the  mixer,  and 
one  man  to  hoe  the  concrete  down  the  chute.  An  additional  man  covered  the 
finished  lining  with  wet  burlap  strips  and  kept  moving  them  forward. 

The  water  was  hauled  1  yi  miles  on  the  average  by  three  four-horse  teams 

hauling  ^00-gal.  tanks  on  wagon  trucks.    The  exact  amount  of  coal  required 

at  each  setting  was  pre-determined  and  left  there  in  advance  in  sacks.    The 

laying  of  this  8,250  ft.  of  concrete  lining  was  completed  in  14  working  days. 

As  much  as  000  ft.  in  one  day  were  accomplished.    The  men  became  vety 

sidllful  in  moving  the  machines  and  were  able  to  lose  not  over  15  minutes  time 

at  each  moving.    The  cost  of  the  actual  concrete  was  as  follows : 

Per 
ou.  yd. 

Band  and  gravel $1. 76 

Cement  delivered 2. 65 

Water 25 

Coal 10 

Labor  mixing  concrete 65 

Labor  laying  concrete 88 

Superintendence 81 

Total  per  cubic  yard 96. 50 

In  addition  to  the  above,  the  cost  of  equipment  less  its  salvage  value,  was 
32  cts.  per  cubic  yard,  the  cost  of  trimming  the  canal  bed  was  72  cts.  per  eublo 
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3rard  and  the  engineering  was  32  cts.  per  cubic  yiuxi.  This  made  a  grand 
total  of  $7.95  per  cubic  yard  or  $1.10  per  linear  foot  of  canal. 

The  cost  of  cement  was  $2.25  per  barrel  f .  o.  b.  Burbank,  common  labor  was 
paid  25  cts.  per  hour  with  a  bonus  of  2)^  cts.  for  staying  until  the  job  was 
finished,  and  the  finishers  and  firemen  were  paid  27^  cts.  per  hour  with  a 
bonus  of  2^4  cts.  under  the  same  conditions.  With  but  few  exceptions,  we 
were  required  to  pay  the  bonus,  and  it  was  a  good  investment,  as  it  overcame 
the  great  demoralizer  of  day  labor  work  of  this  kind — constant  changing  of 
personnel.  The  incentive  to  do  fast  work  was  created  by  the  two  mixer 
gangs  racfaig  for  the  finish. 

Cost  of  Concrete  Lining  Irrigation  Laterals,  Orland  Project,  U.  S.  Reclama- 
tion Service. — The  following  is  an  extract,  published  in  Engineering  and 
Contracting,  April  12,  1916,  of  an  article  by  A.  N.  Burch,  in  the  "  Reclamation 
Record"  for  April,  1916. 

To  February,  1916,  there  had  been  lined  about  22  miles  of  laterals  on  the 
Orland  project,  in  sections  ranging  from  a  few  feet  in  length  and  requiring  less 
than  a  cubic  yard  of  concrete  to  a  maximum  section  of  8,800  ft.  The  cross 
sections  of  the  laterals  lined  have  ranged  from  a  bottom  width  of  2  ft.  and 
vertical  depth  of  1  ft.  to  a  bottom  width  of  8  ft.  and  vertical  depth  of  4^  ft. 

Laterals  originally  designed  for  lining  were  built  with  1  : 1  bank  slopes; 
other  laterals  with  1 V^  :  1  and  2  : 1  slopes.  On  the  distribution  system  covering 
the  6,000  acres  recently  taken  into  the  project  all  laterals  were  designed  for 
lining,  where  a  reduction  of  cross  sections  and  the  elimination  of  drops  would 
justify  this  cotu^e,  as  compared  with  building  a  larger  earth  section  and  install- 
ing the  necessary  drops  to  reduce  the  grade. 

On  the  project  generally,  lining  has  been  placed  in  all  fills;  in  the  small 
latere  acquired  from  the  old  Stony  Creek  company  and  located  within  high- 
way boundaries,  for  the  purpose  of  increasing  their  carrying  capacity  and 
reducing  maintenance;  in  sections  where  seepage  was  excessive;  as  a  protection 
over  storm  culverts  and  on  curves;  also  at  forks  of  laterals  where,  because  of 
the  number  of  structures,  it  was  difficult  to  clean  with  teams. 

For  the  longer  stretches  of  the  work  a  4-cu.  ft.  mixer,  driven  by  a  3-hp. 
gas  engine,  all  mounted  on  trucks,  is  used ;  for  the  short  stretches  small  hand- 
mixing  crews  are  employed.  The  aggregates  used  are  run  of  bank  material 
obtained  from  creeks  in  the  vicinity  of  Oriand.  The  proportions  of  mix  are 
approximately  1:3:5,  giving  1  cu.  yd.  of  concrete  in  place  of  1 . 1  bbl.  of  cement. 

The  mixer  crew  is  made  up  of  a  foreman,  with  about  30  men  and  2  teams. 
Nine  men  are  employed  at  the  mixer  in  wheeling  and  in  placing  and  finishing, 
and  from  18  to  20  men  in  trimming  the  slopes  and  preparing  the  bottom  for 
receiving  the  lining.  One  team  is  employed  in  hauling  cement  and  one  In 
hauling  water  and  miscellaneous  work.  When  it  is  possible  to  do  so,  water  is 
run  in  the  laterals  and  kept  close  behind  the  lining  crew,  thus  reducing  the 
distance  of  haul  to  the  mixer  and  simplifying  the  proccvss  of  wetting  the  com- 
pleted work.  No  special  tools  are  used  in  preparing  the  slopes  and  bottom  for 
lining,  the  work  being  done  with  mattocks,  picks,  and  square-ended  shovels. 

ThwB  mixer  is  usually  set  up  at  the  side  of  the  lateral  in  the  center  of  a  500-f  t. 
section,  making  the  maximum  wheel  for  concrete  250  ft.,  which  was  found  to 
be  about  the  greatest  economical  distance  to  which  the  material  could  be 
wheeled.  As  most  of  the  lining  is  placed  in  fills,  trenches  are  cut  through  the 
ditch  banks  to  admit  of  a  wheeling  plank,  which,  when  placed,  lands  on  a  small 
turning  platform,  from  which  an  incline  leads  to  the  bottom  of  the  lateral, 
and  to  additional  boards  on  which  the  material  is  wheeled  to  the  placers. 
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End-dump  barrows  are  used,  and  the  material  is  dumped  into  a  mud  bod, 
from  which  it  is  shoveled  to  the  slopes. 

The  mixing  crew  is  made  up  of  one  mixer  operator,  two  shovelers  for  chaig- 
Ing  the  mixer,  three  wheelers,  and  three  placers  and  finishers.  Of  the  latter. 
No.  1  places  the  concrete  to  the  required  thickness  (being  guided  by  a 
templet).  No.  2  compacts  the  material  and  finishes  it  roughly  with  a  square- 
ended  shovel,  and  No.  3  gives  the  final  finish  with  a  5  by  18-in.  long-handled 
Arrowsmith  trowel,  finally  cutting  the  expansion  Joints  with  a  straight-edge 
and  pointing  trowel  and  smoothing  them  up  with  a  grooving  tool.  Before 
placing  the  lining  the  slopes  are  thoroughly  wet  by  means  of  a  force  pump 
attached  to  a  water  wagon,  and  the  finished  lining  is  kept  wet  from  3  to  5  days, 
depending  on  weather  conditions.  The  average  daily  output  of  the  minr 
force  is  25  cu.  yd.,  and  the  maximum  30.3  cu.  yd. 

For  short  stretches  of  lining  hand-mixing  forces  of  about  12  men  each  are 
employed.  From  5  to  7  men  are  employed  in  mixing  and  placing,  and  about 
an  equal  number  in  preparing  the  slopes  and  bottom  for  receiving  the  Unii^. 
The  same  equipment  and  about  the  same  arrangement  are  used  in  the  opera- 
tion  of  these  crews  as  is  the  case  with  the  mixer,  except  that  the  miYing  board 
is  placed  on  timbers  which  span  the  lateral,  the  aggregates  are  wheeled  on 
to  the  board,  and  the  concrete  shoveled  into  barrows  in  the  bottom  of  the 
ditch,  there  being  no  incline  over  which  to  wheel  the  material.  These  gangs 
average  about  12  cu.  yd.  per  day,  and  when  there  has  been  a  full  day's  run 
without  any  long  moves  have  made  15  cu.  yd. 

There  is  little  difference  in  the  cost  of  lining  whether  the  material  be  hand  or 
machine  mixed,  although  the  machine  turns  out  a  better  and  more  uniform 
grade  of  concrete. 

From  October  to  June  climatic  conditions  on  the  Orland  project  are  very 
favorable  for  this  land  of  work,  as  there  are  no  temperatures  low  enough  to 
affect  the  concrete  adversely,  and  moisture  conditions  are  usually  such  that 
the  lining  can  be  cured  properly  with  little  expense  for  wetting.  During  the 
summer  months  moisture  conditions  are  reversed,  and  because  of  the  thinnen 
of  the  lining  it  is  necessary  to  wet  it  from  two  to  four  times  per  day  until  it  li 
properly  set.    Following  are  unit  costs  and  related  data : 


Cost  fbr  Square  Yard 

Cement  delivered  on  work tO.  0057 

Gravel  delivered  on  work 0408 

Mixing  concrete '  .  0314 

Placing  concrete 0204 

Sprinkling  and  protcctinjg 0040 

Preparing  section  for  lining 0607 

Field  superintendence  and  engineering 0010 

Maintenance  of  equipment 0022 

Plant  arbitrary 0048 

Total  labor  and  material SO.  2701 

General  expense 0630 

Total  cost  to  United  States SO.  8430 

Thickness  of  lining,  1^  inches.  Total  placed  in  square  yardB,  101,400. 
Total  in  cubic  yards,  7,900.  Cost  per  cubic  yard,  $8.26.  Average  haul  (round 
trip),  gravel,  5  miles.  Average  haul  (round  trip),  cement,  6  milee.  Foreman, 
$13.20  per  day  to  $95  per  month.  Finishers,  $3  to  $3.20  per  day.  Laboren, 
$2.40  to  $2.60  per  day.  Teamsters,  vi-ith  teams.  $4.50  to  $5  per  day.  CSeman^ 
$2  per  barreL    Gravel,  $1  per  cubic  yard.    Lumber,  $14  to  $22  per  M.  B.  M. 
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Cost  of  Concrete  lining  of  Canals  and  Tunnels  of  the  Natches-Selah 
Irrigation  Works. — Public  Works,  April  3,  1920,  gives  the  following: 

The  Natches-Selah  Irrigation  System  in  Yakima  Valley,  Wash.,  serves 
about  10,500  acres  of  orchard  land  by  a  conduit  carried  through  a  mountainous 
region  in  tunnels,  flumes  and  canals.  The  work  includes  the  reconstruction 
cS.  about  3  miles  of  the  original  water-way  and  the  building  of  nearly  4  miles  of 
new  structures  and  was  executed  on  the  cost-plus-fixed-sum  basis. 

The  fliunes  and  the  canal  linings  were  made  with  concrete  mixed  with 
aggregate  from  a  bar  in  the  stream,  crushed  when  necessary,  and  delivered  to 
the  mixers  at  various  plants  located  at  convenient  places  for  the  different 
sections  of  the  work. 

Canal  Lining. — The  canal,  some  of  which  is  a  revision  of  the  old  canal,  has 
a  regular  cross-section  so  as  to  conform  as  nearly  as  possible  with  average 
conditions  and  made  with  sloping  sides  and  bottom  covered  with  3  inches  of 
concrete  reinforced  by  12  x  12  inch  Clinton  wire  mesh  made  with  No.  12 
wire  embedded  1^  inches  from  the  surface.  Transverse  construction  joints 
5  feet  apart  longitudinally  were  scored  \i  inch  deep  to  fix  contraction  cracks. 


\ 


Fio.  8. — Standard  cross-Bection  of  canal. 

In  general  the  canals  are  in  adobe  or  other  soil  that  retains  the  moisture  and 
on  previous  work  has  caused  much  trouble  with  frost.  In  order  to  prevent  as 
much  as  possible  temperature  cracks  the  1:2:4  concrete  was  placed  in  cold 
weather  so  that  any  cracks  will  close  by  expansion  in  summer  time. 

The  wire  mesh  in  rolls  a  little  more  than  6  feet  wide  was  laid  in  longitudinal 
strips,  two  on  the  bottom  and  one  on  each  side,  and  tied  together  on  the 
edges  with  wire  projections  from  the  sides  of  the  strips.  The  concrete  was 
placed  in  two  courses,  plastered  on  the  bottom  and  sides  of  the  canal  like 
mortar  with  the  reinforcement  placed  on  top  of  the  first  course  and  covered 
by  the  second  course. 

Aggregate  and  cement  bags  delivered  alongside  the  canal  by  motor  trucks 
were  stored  in  heaps  adjacent  to  the  portable  mixers  with  elevating  charging 
hoppers  that  were  moved  at  frequent  intervals  as  the  work  progressed.  The 
mixers  discharged  through  open  chutes  supported  at  the  lower  end  on  light 
wooden  towers  where  the  discharge  was  controlled  and  the  concrete  delivered 
to  two-wheel  carts,  pushed  by  hand  over  plank  runways,  dumped  as  required 
and  shoveled  and  raked  to  x>osition. 

The  cost  of  preparing  the  subgrade  and  building  the  lining  averaged  $2.66 

per  linear  foot,  equivalent  to  $0.66  per  square  yard  of  surface.    The  cost 

of  the  concrete  lining  in  place  including  the  reinforcement  was  $5.79  per  linear 

foot,  allowing  $23.16  per  cubic  yard  for  concrete.    Laborers  received  from 

$4.50  to  $6.00  per  day  and  were  of  inferior  quality. 
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Tunnels. — The  tunnels  have  a  horizontal  floor,  vertical  side  walls  and 
mental  roofs  with  2-foot  rise.  The  uniform  width  of  7  feet  was  the  most 
practicable  minimum  for  construction  operations  and  the  height  of  the  side 
walls  varied  from  4^^  to  5  feet,  according  to  grade.  Except  in  timbered 
sections  the  concrete  lining  was  generally  6  inches  thick  with  a  4-iiich  floor 
over  rock  bottom. 

With  one  exception,  of  a  tunnel  only  1,082  feet  long  which  was  through 
cemented  gravel  and  large  boulders,  all  of  the  eight  timnels  aggregating 
8,718  feet  in  length,  were  driven  through  soft  dry  sand-stone  or  shale  in  which 
the  holes  for  blasting  were  made  with  coal  augers.  The  tunnels  were  driven 
in  full  size  headings.  At  one  time  the  double  shifts  on  the  double  ^«»»^fngf  of 
five  tunnels  required  twenty  gangs  that  made  an  aggregate  advance  of  140 
feet  per  day.  The  muck  was  hauled  by  mules  and  the  tunnel  was  lined  as  soon 
as  possible,  because,  although  the  rock  stood  w^  when  first  blasted,  a  long 
exposure  made  it  very  treacherous. 

Concrete  Plant. — Concrete  was  made  with  sand,  gravel  and  cniahed  stone 
all  dredged  from  the  river  bed  with  a  l>i-yard  dragline  bucket  operated  from 
a  60-foot  derrick  boom.  The  sand  was  washed  through  the  screens  by  a 
2-inch  centrifugal  pump  providing  enough  water  to  facilitate  the  loading  into 
trucks  by  which  it  was  delivered  to  the  concrete  mixers.  Large  stones  were 
broken  in  an  electric  jaw  crusher  and  the  three  storage  bins  were  mounted  <m 
rollers  and  advanced  by  anchored  tackles  operated  by  the  hoisting  engine  of 
the  derrick  whenever  the  extension  of  the  pit  required  a  movement  to  be  made, 
usually  every  other  day. 

The  derricks  were  similarly  shifted  on  greased  skids  and  hauled  forward  by 
the  same  tackles,  these  movements  requiring  about  two  hours.  The  plant 
was  operated  twelve  hours  a  day  by  a  five-man  gang. 

One  of  several  mixing  plants  was  installed  on  the  top  of  a  good  sized  hill 
that  enabled  the  trucks  to  dump  aggregate  directly  into  the  storage  bins 
which  delivered  by  gravity  to  the  two-bag  machine  that  was  operated  by  mie 
man  and  discharged  through  an  open  chute  150  feet  long  terminating  with  a 
spout  to  the  portal  one  hundred  feet  vertically  below  it. 

Tunnel  Lining. — Two  6  X  2-inch  longitudinal  strips  of  concrete  were  laid 
on  the  sides  of  the  tunnel  floor  to  support  the  wall  forms  and  after  the  inv«rt 
between  the  strips  was  concreted,  the  sectional  wooden  forms  that  wwe 
removed  before  the  wooden  arch  forms  were  set,  were  wedged  to  positloii. 
The  4-foot  sections  of  arch  were  concreted  and  rammed  in  about  one-half 
hour  by  a  four-man  gang.  The  total  cost  of  lining  exclusive  of  engineering, 
including  cost  and  contractors'  compensation,  was  $103,834  averaging  $28 
per  cubic  yard.  The  total  cost  of  the  finished  tunnels  was  $175,307,  ayemghig 
$20.10  per  linear  foot.    The  inefiicient  labor  received  $4.50  per  day. 

Cost  of  Concrete  Lining  Irrigation  Canal. — An  article  in  Engineering  and 
Contracting,  Jan.  1, 1913,  by  A.  T.  Petheram,  gives  the  following: 

The  general  dimensions  of  the  canal  section  are  shown  in  Fig.  9. 

The  volumes  of  concrete  in  lining  were  13,502  sq.  yds.,  and  766  cu.  yds., 
the  mixture  being  a  1: 6  cement  and  sand.  All  mixing  was  done  by  hand  on 
4^  X  10  ft.  mixing  boards  set  on  the  ditch  bottom  and  moved  by  halkl. 
Sand,  water  and  cement  were  delivered  on  the  upper  side  of  the  canal;  tha 
sand  was  measured  in  l)oxes  containing  1  cu.  ft.  and  dumped  in  trou^  to 
mixing  board.  Water  was  hauled  in  650-gal.  tanks  an  average  distance  of 
2H  mUes,  and  was  delivered  in  barrels  to  each  mixing  gang.  Each  batch  was 
turned  over  twice  dry,  water  was  added  and  the  wetted  mixture  was  tumid 
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twice.  A  mixing  gang  consisted  of  7  men  as  follows:  4  mixers.  1  top  man  to 
deliver  sand  and  water,  1  assistant  trowel  man,  and  1  trowel  man,  who  also 
acted  as  foreman.  The  wages  paid  for  labor  were  as  follows,  the  rates  per 
hour  being  for  a  ten-hour  day : 

Inspector,  per  day %    6. 00 

Foreman,  per  month.  .  ; 125.  00 

Timekeeper,  per  month 75.  00 

Ck>ok,  per  month 98.  00 

Carpenter,  p«r  hour 35      eta. 

Sub-foreman,  per  hour 27H  cts. 

Trowel  man,  per  hour 30      cts. 

Team  and  driver,  per  hour 50      cts. 

Common  labor,  per  hour 22H  cts. 

/5-6 — r 

Fia.  9. — Section  of  cement  lined  canal,  Hanford  Irrigation  &  Power  Co.,  Wash. 


The  number  of  men  employed  was  75  and  they  lined  on  an  average  80  ft. 
of  canal  per  ten-hour  day. 

The  concrete  materials  required  were  1,054  bbls.  of  cement,  771  cu.  yds.  of 
sand  and  82,850  gals,  of  water.  The  costs  of  these  materials  distributed  on 
the  work  were  as  follows: 

Cement. — Two  brands  of  cement  were  used.  Golden  Gate,  654  bbls.,  and 
Red  Devil,  400  bbls.,  and  the  costs  distributed  on  the  work  were  as  follows: 

Golden  Red 

Item  Gate  Devil 

Cost,  f.  o.  b.  Kennevpick ' $2.  75  $2.  60 

Drayage  at  40  cts.  per  ton 0.  076  0. 076 

Boat  to  Hanford  at  $3  per  ton 0.  57  0.  570 

Hauhng  to  job,  $1.50  per  ton 0.  285  0.  285 

Distribution 0. 037  0. 037 

Total $3.  718         $3.  568 

Credit,  4  sacks  at  10  cts 0.  40  0.  40 

Net  cost  per  barrel 13.  318         $3. 168 

The  total  cost  for  cement  distributed  on  the  job  was  therefore: 

654  bbls.  at  $3.318 $2,170.20 

400  bbls.  at  $3.168 1 .267.  44 

Total $3,437.64 


Water. — The  cost  of  water  was  the  cost  of  handling  82,850  gala.,  which  was 
$693.04,  or  slightly  less  than  0.85  cts.  per  gallon. 

Sand. — Sand  was  secured  on  the  company's  property  and  its  only  cost  was 
for  hauling  an  average  distance  of  0.85  miles  in  loads  of  1  cu.  yd.  This  cost 
was  $1,079.62.  A  total  of  771  cu.  yds.  were  hauled  and  766  cu.  yds.  were 
actually  used ;  the  corresponding  cubic  yard  costs  were  $1.40  and  $1.41. 
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Lining. — The  cost  of  lining,  including  materials  as  listed  above  and  labor  of 

all  kinds,  was  as  follows: 

P«r 

Excavation                                                                                 Total  Un.  ft. 

2,230  cu.  yds.  earth  at  33  cts $      735. 34  $0,104 

400  cu.  yds.  gravel  and  loose  rock  at  $1.39 556. 71  0. 079 

660  cu.  yds.  soUd  rock  at  $1.62 1 ,070. 72  0. 152 

Total $  2,362. 78  $0,335 

Concrete 

1,054  bbls.  cement  at  $3.262 $  3,437. 64  $0,488 

771  cu.  yds.  sand  at  $1.40 1,079. 62  0. 168 

62,850  gals,  water 693. 04  O.OW 

Mixing  and  placing  766  cu.  yds.  at  $3.33 2,547. 46  0.861 

Total $  7,757.76 

7,050  ft.  forming  and  tamping , 1 ,  595. 40 

14,192  ft.  fence  at  4 H  cts 633. 18 


Totals $12,349.07       11.75 

Fencing, — The  itemized  cost  of  the  14,192  lin.  ft.  of  four-strand  barbed  wii» 
fencing  with  posts  20  ft.  apart  was  as  follows: 

Barbed  wire,  3,168  lbs.  at  $2.85,  f.  o.  b.  Portland $  90. 29 

Freight,  Portland  to  Hanford 21. 72 

Posts,  705  at  8  cts.,  f.  o.  b.  Coyote  (720  ft.  B.  M.  at  $22).. ..  16.84 

Timber  for  braces,  4  X  4  ins.  (1,295  ft.  B.  M.  at  $23) 29. 80 

Staples,  210  lbs.  at  10  cts 21. 00 

Miscellaneous  material 3. 58 

Handling  and  hauling 85. 67 

Labor  (common) 140. 29 

Survesdng  and  proportionate  camp  charge 190. 26 

Total $633. 13 

Cost  per  lin  ft.  of  fence $00. 045 

Cost  per  Un.  ft.  of   canal 0.08$ 

Concrete  in  Place. — The  cost  per  cubic  yard  and  per  square  yard  of  ooft- 
Crete  lining  in  place  was  from  the  above  costs  as  follows : 

Cost  per  Coatpv 

Total  cost  cu.  yd.  aq.  yd. 

Cement $3,437.64  $4.49  $0.94$ 

Sand 1,079.62  1.41  0.07$ 

Water 693.04  0.90  O.OSO 

Mixing  and  placing $2,547.46  3.33  0.188 

Total  cost $7,757.76  $10.13  $0,588 

Cost  of  Concrete  Lined  Ditch. — The  following  notes  by  C.  D.  Comwaj  am 
taken  from  Engineering  Record,  Dec.  30,  1916. 

The  irrigation  system  of  the  Los  Moiinos  Land  Company,  in  Ttiuuna 
County,  California,  comprises  120  miles  of  ditches  with  capacitiea  rangiiif 
from  5  to  100  sec.-ft.  In  the  main  canals  and  primary  laterals,  where  the 
water  is  running  constantly  during  the  irrigation  season,  the  seepage  lomi 
average  less  than  1  per  cent  per  mile.  In  the  secondary  laterals*  in  which  tht 
water  is  running  only  at  intervals,  the  losses  are  as  high  as  50  per  cent  par 
mile.  This  excessive  loss  is  owing  to  the  character  of  the  soil  througfa  wtddi 
these  laterals  pass — a  Sacramento  silt  loam  underlain  with  gravel  in  wfaioh 
vegetation  grows  very  rapidly  and  gophers  thrive.  As  the  cost  of  main- 
tenance and  the  loss  of  water  are  very  high  the  company  is  lining  these  ditdUP 
with  concrete.    During  the  spring  of  1916,  4,000  ft.  was  lined. 
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nstead  of  redudng  the  size  of  the  earth  ditch,  the  writer  decided  to  ezca- 
e  a  new  ditch  within  the  bank  of  the  existing  one,  as  shown  in  Fig.  10. 
kes  were  set  at  the  outside  edge  of  the  base.  That  section  was  taken  out 
tically,  after  which  two  men  with  templates  trimmed  the  bottom  and  sloped 

sides.  Grade  stakes  were  set  every  16  ft.  Movable  wooden  forms  in 
rt.  lengths  were  used. 

7he  concrete  was  mixed  by  hand  on  a  board  large  enough  for  1-yd.  batches. 
9  platform  was  built  on  runners  and  moved  along  the  ditch  for  each  batch, 

gravel  being  distributed  far  enough  from  the  ditch  to  leave  room  for  the 
trd  to  pass.  Water  was  hauled  in  a  wagon,  and  the  same  team  moved  the 
dng  board.  Six  men  were  employed  in  mixing  and  placing  the  concrete 
h  buckets. 

L^lie  aggregate  used  was  a  natural  mixture  of  river  sand  and  gravel  screened 
ough  IH-in.  mesh.  Five  sacks  of  Portland  cement  to  a  yard  of  this 
^regate  were  used.  The  concrete  was  mixed  very  wet  and  was  well  worked 
.h  a  small  specially  made  spade. 


>  ♦ 


Fig.  10. — Section  of  new  ditch  excavated  in  bank  of  old  one. 

Expansion  and  contraction  were  provided  for  by  placing  ^-in.  pine  boards 
etween  forms.  These  were  afterward  broken  off  flush  with  the  concrete. 
tiough  the  temperature  reached  110  deg.  Fahr.  in  the  shade  at  a  time  when 
te  ditch  was  dry,  no  cracks  have  been  noted. 

Costs. — The  cost  per  linear  foot,  including  the  cost  of  intake,  outlet  and  a 
heck  and  takeout  every  660  ft.,  is  given  in  Table  VII.  While  the  schedule 
'  wages  was  low,  the  laborers  were  all  inexperienced.  The  average  progress 
^  170  ft.  a  day  with  a  crew  of  six  laborers  and  one  carpenter,  who  acted  as 
oreman.  Toward  the  latter  part  of  the  job  as  much  as  230  ft.  per  day  was 
ined. 

The  itemized  cost  of  concrete,  exclusive  of  excavation,  is  given  in  Table 
nil. 

Table  VII. — Total  Cost  per  Foot  op  3050-Foot  Ditch 

Excavation $0. 066 

Forma  (labor) 021 

Lumber 014 

Mixing  and  placing 087 

Cement 171 

Sand  and  gravel 066 

Engineering 004 

Superintendence .  010 

Miscellaneous .015 

Total $0.  454 

Tablb  VIII. — Cost  of  Concrete  per  Yard,  Excluding  Excavation 

Sand  and  gravel $1 .  45 

Cement 3.  75 

Carpenters 44 

Lumber .33 

Ubor 1. 90 

Equipment  and  team -^2 

Total »8.29 

85 
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This  ditch  has  been  satisfactory  in  every  respect.  In  the  opinion  of  the 
writer  this  method  is  much  cheaper,  where  the  banks  are  of  sufScient  Bin, 
than  reducing  the  cross-section  of  the  original  ditch.  The  capacity  of  the 
earth  section  was  10  sec.-ft.;  that  of  the  concrete  is  9.6  sec.-ft.,  using  0.15  for 
the  value  of  n  in  Kutter's  formula  and  a  depth  of  water  of  1.5  ft.  The  grade 
of  the  ditches  is  0.08  per  cent.  Laborers  on  excavation  were  paid  t2  fbr  a 
nine-hour  day,  those  handling  concrete,  $2.25,  and  carpenters  received  S3  a 
day.  Lumber  cost  $20  per  thousand  and  cement  $3  per  barrel  delivered  at 
the  job. 

The  Comparative  Cost  of  Cleaning  Irrigation  Ditches  with  a  V-machine  and 
by  Hand. — C.  F.  Harvey  in  the  May,  1917  Reclamation  Record,  abstracted 
in  Engineering  and  Contracting,  May  9,  1917,  gives  the  following: 

A  V-machine  was  at  first  rented  for  a  short  time  for  experimental  purpoMS, 
and  afterwards  a  similar  machine  was  built  on  the  project  at  a  cost  of  abtmt 
$700.  The  operation  of  such  a  machine  has  continued  since  May,  1916.  At 
first  one  caterpillar  tractor  furnished  the  power,  but  now  two  tractorB  tn 
used.  The  tractors  have  75  H.P.  gas  engines  and  cost  $4,650  each.  These 
tractors  have  proved  very  efficient  in  getting  onto  and  over  ditch  banlcs  and 
traveling  on  the  banks.  This  equipment  is  used  on  canals  carrying  from  12  to 
50  second-feet,  and  dredgers  have  been  used  for  larger  canals.  The  use  of  a 
single  tractor  of  the  above  size  for  this  work  resulted  in  overloading  the 
machine,  and,  while  a  heavier  machine  could  doubtless  be  run  without  over- 
loading, the  experience  on  the  Yuma  project  has  been  that  two  machines  of 
about  this  horsepower  are  probably  more  efficient  than  one  larger  machine 
would  be,  as  the  two  machines  can  work  to  great  advantage  in  getting  the 
V  in  and  out  of  the  ditches  and  around  structures.  It  is  to  be  noted,  by  the 
way,  that  the  number  of  structures  in  a  ditch  greatly  affects  the  mOeafB 
cleaned.  The  life  of  the  Y-machines  and  of  tractors  on  this  work  will  be  about 
five  or  six  years. 

The  following  figures  are  taken  for  the  month  of  July,  1916,  when  the  rented 
Y-machine  was  in  use: 

Operating  114K  hours. 
Repairs,  117H  hours. 
Distance  cleaned,  11.62  miles. 
Distillate  used,  715  gal.  (one  tractor). 

Costs  (.Iult) 

Labor $562.25 

Distillate 75. 07 

HaulinK  fuel iO.  83 

Shop  orders 5. 06 

Oil  and  waste . .  .• 8. 85 

Supplies 18, 86 

Rent  of  V  machine 175. 00 

Depreciation 60. 00 

Total $804. 02 

Cost  per  mile  cleaned -. 77. 01 

By  deducting  the  $175  rent  for  the  machine  the  cost  of  deaning  would  be'  I 
reduced  proportionately.  The  above  is  for  one  tractor.  By  putting  on  U-  J 
extra  tractor  the  cost  of  fuel  would  be  doubled,  but  it  is  thought  that  thp  t 
mileage  of  canals  cleaned  would  also  be  nearly  doubled,  while  the.  Wbw 
of  repairs  would  remain  about  the  same.  With  the  benefit  of  esperieoflB  i 
perfected  organization  it  is  expected  that  the  cost  can  be  redufied  to  $40  piT 
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mile.  With  the  old  organization  for  cleaning  by  shovel  and  teams  the  costs 
would  run  from  $200  to  $300  per  mile.  This  was  with  a  foreman  at  $3  a  day 
and  labor  at  $2  a  day,  worked  in  such  gangs  as  could  be  retained.  The 
organization  worked  with  the  machine  equipment  at  present  is  as  follows: 


1  foreman  at  $4.50  per  day. 
Crew  of  V-machine: 
1  man  at  $3  per  day. 
1  man  at  $2.50  per  day. 


Crew  of  caterpillar: 

1  operator  at  $5  per  day. 
1  oiler  at  $2.50  per  day. 


There  are  on  the  Yuma  project  more  than  200  miles  of  ditches  to  be  cleaned 
Of  a  size  suitable  for  the  economical  use  of  the  V-machine.  This  makes  it 
possible  to  keep  the  equipment  in  operation  for  12  months  a  year.  The 
amount  of  work  to  be  done  is,  of  course,  an  important  consideration  in  making 
the  expenditure  for  the  tractors. 

Cost  of  Removing  Vegetation  from  Irrigation  Canals. — Excellent  results  in 
removing  moss  from  the  irrigation  canals  of  the  Salt  River  Project  of  the 
U.  8.  Reclamation  Service  have  been  obtained  with  an  Acme  harrow,  accord- 
ing to  an  article  by  A.  J.  Haltom,  in  the  April,  1917  Reclamation  Record, 
and  abstracted  in  Engineering  and  Contracting,  April  11,  1917  as  follows: 
On  this  project  it  was  necessary  to  devise  some  method  whereby  the  moss 
could  be  eliminated  without  turning  water  from  the  canals. 

The  Acme  harrow,  or,  as  called  by  some,  the  orchard  cultivator,  is  a  macUne 

consisting  of  long  parallel  blades  attached  to  an  iron  frame,  with  the  blades 

turned  to  enter  the  ground  and  cut  the  roots  horizontally  an  inch  or  two 

beneath  the  surface.    It  slices  off  the  top  surface  of  the  silt,  and  after  the  moss 

^      Toots  are  thus  cut  the  moss  floats  to  the  top  and  is  then  caught  by  men  sta- 

V      timed  below  on  bridges  or  checks.    This  machine  is  drawn  by  means  of  a 

;      Chun  to  a  team  on  each  bank  of  the  canal,  and  by  adjusting  the  length  of  the 

chains  the  harrow  can  be  run  on  either  slope  or  m  the  bottom  of  the  canal. 

In  this  manner  the  moss  can  be  removed  without  interrupting  the  flow  of 

Water.    On  part  of  the  canals  it  was  necessary  to  keep  men  and  teams  at  work 

until  the  end  of  the  season,  and  on  others  an  occasional  cleaning  every  two  or 

three  weeks  answered  all  requirements.     The  Acme  is  also  useful  in  stirring 

^  the  silt  in  the  bottom  <rf  the  canal,  causing  it  to  be  again  picked  up  in 

suspension,  with  the  result  that  the  silt  deposits  are  considerably  decreased. 

The  stirring  of  the  silt  with  the  resultant  muddy  water  tends  to  retard  the 

powth  of  the  moss  farther  down  the  canal,  and  it  also  helps  to  puddle  leaky 

portions  of  the  canal. 

The  methods  employed  on  the  Mmidoka  Project  for  the  control  of  moss, 
^^^  and  willows  in  irrigation  canals  also  were  described  in  the  above-men- 
tioned issue  of  the  Reclamation  Record,  from  which  we  quote  as  follows: 
It  became  necessary  to  begin  the  work  of  removtag  the  moss  as  early  as 
June  20.    At  tliis  time  the  only  method  which  was  found  successful  in  clearing 
the  moss  from  the  larger  canals  was  by  cutting  with  the  Ziemsen  submarine 
.    *iw.    This  saw  consists  of  a  flexible  band  of  steel  with  hooked  teeth  on  both 
i'-  ■ .   «igeB.   It  can  be  obtained  in  any  length,  and  the  weights  to  hold  it  to  the 
.  bottmn  are  adjusted  to  fit  the  canal.    It  is  operated  at  an  angle  of  about  30° 
.:  *-    with  the  croiBHsection  of  the  canal,  the  crew  always  working  upstream.     The 
-  '^    ^^  of  progress  is  from  6  to  12  in.  at  each  double  stroke  and  from  M  to  1  mile 
-^  *;  per  day  can  be  cut  with  each  saw.    The  long  streamers  of  moss  when  cut  rise 
4:-  ^i  to  the  surface  and  float  down  to  the  next  bridge  or  check,  where  they  are 
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thrown  out  by  men  with  pitchforks.    At  times  it  has  been  necessary  to  lam 
as  many  as  three  men  to  pitch  out  the  moss  cut  by  one  crew. 

Last  season  it  was  necessary  to  go  over  many  of  the  canals  three  times. 
During  the  middle  of  the  season  the  moss  grew  very  rapidly.  In  one  canal  a 
length  of  2^  ft.  was  measured  3  days  after  cutting.  In  another  place  a 
length  of  8  ft.  was  observed  14  days  after  cutting.  After  the  20th  of  August 
the  trouble  began  to  decrease,  partly  due,  no  doubt,  to  the  shorter  days  and 
less  sunlight,  partly  to  cooler  weather,  and  partly  to  a  slackening  demand  for 
water. 

Removing  the  moss  by  dragging  a  H  or  ^  in.  chain  by  teams  on  each  bank 
was  not  successful  until  after  about  the  middle  of  August,  when  the  mooi  had 
ripened  enough  to  break  away  at  the  first  joint.  Prior  to  that  time  the  chain 
would  drag  over  the  moss  without  breaking  it.  A  V  made  out  of  railroad  inm 
and  weighing  in  all  about  600  lb.  was  dragged  up  the  canal  but  this  method 
was  not  successful,  as  the  rails  slipped  over  the  moss. 

In  laterals  of  about  1  ft.  depth  it  was  found  that  a  spring-tooth  harrow  could 
be  used  quite  well,  but  it  had  to  be  taken  out  and  cleaned  about  every  60  ft. 
The  harrow  was  not  successful  in  the  larger  canals.  In  laterals  the  water  waa 
lowered  at  times  so  that  there  was  only  enough  to  supiiort  the  moss  and  nm 
were  put  in  with  brush  scythes.  This  method  was  found  veiy  useful  when 
the  farmers  on  some  lateral  were  having  serious  trouble  in  getting  water  and 
would  get  together  to  co-operate  in  cleaning  it. 

Where  it  can  be  done,  the  cheapest  and  most  effective  method  of  cleaning  the 
canal  is  to  shut  the  water  out  entirely  and  let  the  ditch  dry  in  the  sun.  Five  to 
seven  days'  exposure  is  necessary  ordinarily  to  kill  the  moss.  This  mfltiyf«| 
kills  the  growth,  but  does  not  destroy  the  bulb.  On  the  Minidoka  prai)aet 
it  has  not  seemed  practical  to  adopt  this  method,  as  it  is  felt  that  oontlniMiai 
water  service  was  more  important  to  the.  farmers  than  the  money  saying  wlddi 
would  have  resulted  from  a  method  such  as  this. 

During  the  1916  season,  260  miles  of  cleaning  were  done.  The  total  ocMt 
of  this  work  was  $4,200,  making  the  cost  per  mile  a  fraction  over  $16.  TIm 
average  cost  per  mile  of  the  different  methods  is  about  as  follows:  Rawing,  fa; 
chaining  late  in  the  season,  $8;  cutting  with  scythes  in  laterals,  Sll;  sprii^ 
tooth  harrow  in  laterals,  $9. 

Weeds  and  grass  growing  along  the  iimer  slopes  of  the  canal  and  lafeenli 
decrease  the  discharge  to  a  considerable  extent  by  retarding  the  velocitj. 
These  are  removed  by  men  with  brush  scythes  at  a  cost  of  about  $12  per  ^no^ 

Willows  are  cut  by  men  with  grubbing  hoes  and  brush  scythes. 
equipped  with  grubbing  hoes  go  ahead  for  cutting  out  larger  willows,  lunA 
with  scythes  follow  and  cut  the  remainder.  In  the  past  little  attention  has 
been  given  to  willows  on  the  Minidoka  project,  but  it  id  now  believed  to  Im 
advisable  to  cut  them  annually.  The  clearing  during  the  last  season  was  dons 
with  the  idea  of  keei)ing  stumps  down  so  that  a  mowing  mm*hii|ft  <*m¥^  ii^ 
used  to  cut  the  new  growth.  The  cost  on  the  removing  of  willows  has 
about  $27  per  mile.     About  23  miles  of  banks  were  cut  over. 

Costs  of  Keeping  Down  Vegetation  on  Irrigation  Canal  Banks  by 
The  following  data,  abstracted  in  Engineering  and  Contracting,  April  14,  1gl$> 
are  given  in  a  report  in  Reclamation  Record,  April,  1915,  by  A.  J.  lTMlf«y, 

A  considerable  item  of  expense  in  irrigation  canal  maintenanoe  is  tba  eat^ 
ting  of  Johnson  grass  and  other  vegetation  which  springs  up  on  the  bankb'J 
On  the  Salt  River  Project  of  the  U.  S.  Reclamation  Service,  beginning  In  101 
experiments  have  been  conducted  in  sheep  grazing  aa  an  $14  to 
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cutting  for  keeping  down  the  bank  vegetation.  There  follows  a  comparative 
statement  showing  decrease  in  cost  of  maintaining  canals  and  laterals  before 
and  after  introduction  of  sheep: 

Main  Header  Total 

canals          Laterals  ditches  coat 

Clearing: 

Before $1,356.88     $3,275.14  $2,226.53  $6,858.65 

After 908.05       1,174.69  659.70  2,742.44 

Repairing  breaks: 

Before 166.43           211.64  121.87  499.94 

After 50.48     94.00  144.48 

Gopher  poisoning: 

Before 39.42     96.93  136.35 

After 10.00  10.00 


Total: 

Before $1,562.73     $3,486.78     $2,445.33     $7,494.84 

After 958.53       1,174.69  763.70       2,896.92 


[. 


Decrease.  1914  over  1912....    $     604.20     $2,312.09     $1,681.63     $4,597.92 

Mileage 8  22  10  40 

Average    decrease    per    mile 
(after  introduction  of  sheep)  $       75.525$     105.095$     168.16     $     114.95 

Note. — Cost  of  repairing  breaks  and  gopher  poisoning  are  included  because 
this  expense  has  been  greatly  reduced  by  the  grazing  of  sheep.  The  cost  of 
cleaning  in  1912  is  based  on  a  unit  cost  per  mile. 

Cost  of  Maintaining  Ditches  in  the  Imperial  Valley,  CaL  with  a  Traveling 
Clam-Shen  Excavator. — J.  C.  Allison,  in  Engineering  Record,  Nov.  16,  1912, 
gives  the  following: 

The  irrigation  season  in  Imperial  Valley  includes  the  full  12  months,  so  the 
canals  are  always  carrying  water.  This  prevents  scraping  out  the  deposits  of 
sQt  with  teams. 

Up  to  1911,  about  the  only  method  of  keeping  the  section  of  the  canals 
large  enough  to  carry  the  necessary  water  has  been  by  continuously  raising  the 
banks  to  keep  pace  with  the  rising  of  the  bottom,  due  to  the  deposition  of  silt. 
In  the  small  ditches  a  V-shaped  tool  operated  by  a  caterpillar  engine  has  been 
used  to  drag  the  canal,  thus  crowding  part  of  the  silt  out  on  the  banks. 

Experiments  have  been  made  with  floating  dredges  of  small  capacity  but 
these  have  been  unsuccessful,  since  they  are  too  cumbersome  to  transport  from 
one  point  to  another,  and  the  time  consumed  in  pulling  the  pontoons  out 
aroimd  the  checks  is  more  than  the  time  actually  used  in  digging  the  silt 
between  checks. 

Design  of  a  Special  Dredge. — The  time  came  finally  when  the  limit  of 
raising  the  canal  banks  was  reached,  most  of  the  grade  of  the  canals  having 
been  overcome,  and  it  became  necessary  to  obtain  a  new  type  of  tool.  A  care- 
ful study  was  made  of  every  available  tool,  but  owing  to  the  peculiar  condi- 
tions of  the  work,  each  one  was  rejected.  It  was  certain  that  if  an  appliance 
capable  of  operating  a  clamshell  bucket  could  be  so  arranged  as  to  permit 
moving  from  one  point  to  another  in  a  quick  and  easy  manner,  the  silt  problem 
in  the  main  distributing  canals  could  be  solved. 

With  this  idea  in  view,  W.  H.  Holabird,  receiver  of  the  California  Develop- 
moit  Comimny,  arranged  with  the  Stockton  Iron  Works,  of  Stockton,  Cal.,  to 
■end  an  erecting  engineer  to  the  valley.  With  his  aid,  Mr.  Holabird  and  the 
writer  planned  the  assembling  of  an  all-steel  portable  clamshell  dredge, 
which  would  operate  a  H-yd.  bucket,  and  at  the  same  time  be  light  enough 
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and  narrow  enough  to  transport  over  the  average  Imperial  VaOegr  iCMd  and 
over  the  county  bridges  spanning  the  canals. 

The  machine  tias  a  14  X  22-ft.  steel  underframe,  mounted  on  wide-tmd 
wheels  and  carrying  an  A-frame  and  40-ft.  steel  boom,  operating  machiiiflEy 
and  operator's  cabin.  The  wheels  at  the  working  end  are  6  ft.  in  diameter, 
24  in.  wide  and  are  10  ft.  apart  between  inside  edges.  The  other  wheels  an 
only  3  ft.  in  diameter  and  are  set  close  together  under  the  frame,  tiieir  axle 
being  pivoted  to  provide  for  steering  from  that  end.  Traction  is  obtained  on 
the  large  wheels  by  chain-drives  and  gears  from  the  engine.  Power  for  digging 
and  traction  is  furnished  by  a  15-hp.  Atlas  two-cylinder  vertical  gas  engine 
controlled  from  the  operator's  cabin,  which  is  on  a  platform  set  in  the  A-flrame. 
The  end  of  the  main  boom  has  a  normal  elevation  of  20  ft.  above  the  wbed 
base,  and  has  a  swinging  range  of  180  deg.  A  }4-c\i,  yd.  clamshell  bucket  is 
employed. 

Owing  to  the  small  size  of  the  bucket,  the  yardage  per  hour  is  not  veiy  great, 
and  it  becomes  necessary  to  operate  several  machines  to  keep  pace  with  the 
work.  The  unit  price  per  yard,  however,  is  satisfactory.  Against  this  prloa^ 
that  paid  in  the  past  presents  a  marked  contrast.  In  a  great  many  cases  the 
canals  were  entirely  abandoned  and  a  side  ditch  built  to  carry  the  watw.  Tbe 
scraper  work  alone  amounted  to  15  to  20  cents  per  cubic  yard,  eocduslve  of 
right  of  way.  Wherever  the  camds  were  cleaned  with  shovels  tbe  cost  per 
yard  ran  as  high  as  50  and  60  cents. 

The  only  other  applicances  which  are  satisfactory  for  use  cm  the  canali 
in  Imperial  Valley  are  the  V-shaped  drag  and  an  endless-chain  machine  knowii 
as  the  Ruth  dredge.  Several  of  these  are  now  operating.  The  scope  of  tbalr 
work  is  limited  to  a  very  narrow,  shallow  ditch,  since  neither  will  cut  man 
than  1  ft.  in  depth.  The  material  is  deposited  only  a  few  feet  away  from  tbt 
channel,  and  in  the  future  it  will  be  necessary  to  remove  this  aocumulatioa  bf 
some  other  means,  since  the  banks  will  become  too  high  for  further  opentlOD 
of  this  nature.  The  new  dredge  is  capable  of  discharging  the  material  86  ft. 
from  the  canal,  if  necessary,  where  the  embankment  may  be  leveled  and  iNSd 
as  a  road. 

Coat  of  Clearing  Canals. — Table  IX  shows  the  cost  of  operation  of  thedlWlli 
in  the  Ash  c^nal  for  the  period  between  Sept.  18  and  Dec.  1. 

Table  IX. — Cost  of  Operation  of  Dredge  in  Clearino  Cavaui 

Maintenanee  and 
Item  Operation  betterment 

Material: 

Tools $     6.20  

Oil 31.51  

Fuel 132.56  

Commissary 2. 25*  S     1. 14 

Misc.  supplies 280.  49  107.  26 

Store  expense 8. 89  8. 74  _^ 

S     457.40  $109.80 

Labor 1,949.08 7S.8% 

Totals $2,406.  48 $186.8£ 

Per  hour 2.  26 0.tT 

•  Note. — Comniissary  items  a  credit  to  cost. 

Performance  of  Dredqe  Clearing  Canals 

Total  difwinK  time,  hours '    1000 

Cost  of  diKffiuR  per  hour $2. 48 

Total  yardage  removed,  ai)proximate 21 ,821 

Yardage  removed  per  digging  hour,  approximate 80 

Coat  per  cubic  yard,  approximate iO.  IS 
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ant  consisdp  of  the  dredge,  a  cook  wagon,  camp  and  oommissaiy  team, 
oecessary  stock  and  tools  for  leveling  the  road  ahead  of  the  nm/^hinft 
3  ditch.  The  whole  plant  represents  a  cost  of  about  $7,100  on  the 
1  this  case. 

centage  for  depreciation  is  included  in  the  costs  shown,  but  the  actual 
Jice  work  and  the  material  necessary  are  given,  the  amount  being 
the  cost  per  yard.  The  maintenance  and  betterment  for  this  run  is 
.bly  above  normal,  since  several  small  weaknesses  were  discovered 
died.  Improvements  were  also  made,  such  as  building  a  pilot  house, 
moving  planks,  installing  a  Bristol  lighting  plant  and  providing  in 
3r  the  comfort  of  the  men  in  the  way  of  heating  applicances  for  the 
Fts. 

)-hour  shifts  were  run  per  day.  The  digging  time  shown  in  the  table 
cmnary  of  the  actual  digging  hours,  and  does  not  include  the  time 
repairs,  moving,  etc.  No  commissary  costs  are  shown,  since  each 
educted  from  the  man's  wages  at  25  cents  per  meal.  This  amount 
for  the  cook's  wages  and  the  provisions,  and  accounts  for  the  small 
>wn.  Of  the  running  supplies  necessary,  the  fuel  represents  the  great- 
jse.  The  engine  consumed  0.9  gal.  of  distillate  per  hour.  This  fuel 
)ct  to  high  customs  duty  in  Mexico. 

>or  necessary  for  operating  the  machine  for  the  two  shifts  consists  of 
men  at  $125  per  month  each;  two  enginemen  at  $85  per  month  each, 
ieck  hands  at  $70  per  month  each.  There  was  necessary  at  times  an 
k  hand  for  each  shift  to  aid  in  placing  the  moving  planks  while  the 
was  in  soft  material.  Several  four-horse  fresno  teams,  at  $6.50 
vere  sometimes  required  to  level  the  road  along  the  ditch  ahead  of  the 

All  of  this  expense  is  shown  under  the  item  of  labor. 
Pipes  for  Farm  Irrigation. — The  following  notes  are  given  in  Fortier's 
NBXer  in  Irrigation"  (1915). 

aiterials  composing  the  pipes  most  commonly  used  by  irrigators  are 
day,  wood,  and  metal.    A  brief  description  of  each  of  these  kinds 

e  Pipe. — This  kind  of  pipe  is  used  quite  generally  in  southern  Cali- 
•  conveying  irrigation  water  underground  without  pressure  or  under 
I  not  exceeding  10  to  15  feet.  C.  E.  Tait,  Irrigation  Engineer  of  the 
ent  of  Agriculture,  states  that  "  a  good  pipe  for  the  smaller  sizes  is 
m  a  1  to  3  mixture  consisting  of  5  parts  cement,  6  parts  sand  and  9 
vel.  A  larger  proportion  of  gravel  may  be  used  in  the  larger  sizes, 
ipe  may  also  be  made  of  cement,  sand  and  crushed  rock,  no  particle 
?er  than  one-half  the  thickness  of  the  pipe." 

s  in  concrete  pipe  have  been  largely  due  to  lean  mixtures,  the  use  of 
:ed  with  earth  and  improper  moulding.  A  weak  unreliable  pipe  is 
result  when  the  voids  in  the  sand  are  not  filled  with  cement,  when 
aterial  is  incorporated  in  the  mixture  or  when  the  mixture  is  too  dry 
)ulded.  The  porosity  of  concrete  pipe  is  reduced  and  the  carrying 
is  increased  by  the  application  to  the  inner  surface  of  a  cement  brush 

rices  for  materials  in  1914  in  southern  California  were  for  cement 
$3  per  barrel,  sand  and  gravel  $1  per  cubic  yard,  tampers  $3  and 
2.25  per  day  of  9  hours.  The  quantities  of  materials  used,  their 
e  costs  and  the  cost  of  the  various  processes  in  making  pipe,  exclusive 
lad  charges  and  profits  are  given  in  Table  X. 
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Table  X. — Concbbtb  Pipb 


Sute  of 
pipe 

4  in. 

6  in. 

Sin. 
10  in. 
12  in. 
14  in. 
16  in. 
18  in. 
20  in. 
24  in. 
30  in. 
36  in. 


Lineal  feet 
per  barrel 
of  cement 

126-130 
82-100 
64-76 
48-56 
36-  44 
28-  30 
26-  28 
22-  26 
18-  20 
12-  14 
8-10 
6-8 


Lineal  feet 

per  cu.  yd. 

of  gravel 

174 
112 

87 

64 

50 

40 

34 

28 

23 

18 

11 
8 


Cement 

$0,023^ 
0.036 
0.047 
0.062 
0.083 
0.108 
0.115 
0.136 
0.166 
0. 250 
0.375 
0.500 


-Cost  data  per  lineal  foot- 
Mould-    Coat- 


Gravel 

$0,006 
0.009 
0.011 
0.015 
0.020 
0.025 
0.029 
0.036 
0.043 
0.055 
0.090 
0.125 


ing 

SO.  020 
0.020 
0.022 
0.025 
0.028 
0.032 
0.038 
0.042 
0.100 
0.110 
0.150 
0.200 


ins 

$0,003 
0.003 
0.003 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.011 
0.012 


Total 

$0,062 
0.068 
0.088 
0.105 
0.135 
0.170 
0.188 
0.2«6 
0.317 
0.424 
0.626 
0.837 


Moulding  ihe  Pipe. — Concrete  pipe  as  made  in  southern  California  fw 
the  farmer's  use  is  moulded  in  2-foot  lengths  with  beveled  lap  jolntB. 
Since  the  price  of  moulds  for  pipe  between  6  and  12  inches  in  diametor  varies 
from  $50  to  $100  per  set  the  tendency  is  to  use  the  smallest  possible  number. 
This  effort  to  economize  frequently  results  in  a  brittle  pipe  caused  by  the  uae  dt 
too  dry  a  mixture,  such  a  mixture  requiring  less  time  in  the  moulds.  To 
obviate  this  difficulty  and  increase  the  output  from  each  set  of  moulds  thin 
metal  cylinders  are  sometimes  introduced  In  the  moulds  and  allowed  to  remain 
for  some  time  around  the  freshly  moulded  pipe  after  its  remoyal  from  the 
moulds.  In  this  way  a  wetter  mixture  resulting  In  a  stronger  pipe  can  be 
made. 

Vitrified  Clay  Pipe. — Pipe  made  of  moulded  day,  kiln-burned  and  gland 
is  extensively  used  to  conduct  sewage  in  the  sewer  systems  of  towns  and  dtiei. 
The  requirements  for  this  service  are  quite  rigid  and  the  pipe  which  is  rejected 
by  the  sewer  inspector  can  frequently  be  purchased  at  a  low  figure.  In  this 
way  the  irrigator  who  resides  within  hauling  distance  of  a  town  or  dty  can  usu- 
ally obtain  from  the  municipality  or  the  clay  pipe  company  a  serviceable 
water  pipe  for  low  heads  at  reasonable  prices. 

In  southern  California  the  rejected  sewer  pipe  is  dassified  into  three  grades 
known  as  Nos.  1,  2,  and  3  water  pipe.  The  defects  in  No.  1  grade  are  not 
serious  and  can  be  depended  on  to  stand  a  head  of  20  to  30  feet  in  the  smaller 
sizes  and  15  to  20  feet  in  the  larger  sizes.  The  No.  2  grade  consists  of  pipe 
which  is  cracked  in  the  main  part  of  the  joint  or  length  and  withstands  lea 
pressure  than  No.  1.  No.  3  grade  is  used  only  for  drainage,  being  usuaOy 
cheaper  than  the  tile.  The  prices  of  grades  1  and  2  in  3-foot  lengthSt  fx>.b> 
cars  Los  Angeles,  are  at  this  writing  (1914)  as  in  Table  XI. 


Size 

3  in. 

4  in. 

5  in. 

6  in. 
Sin. 

10  in. 
12  in. 
14  in. 
16  in. 
18  in. 
20  in. 
22  in. 
24  in. 


Table  XT. — Vitrifibd  Pipe 

No.  1  grade.   Cents  per  ft.  No.  2  grade.    Cents  per  ft. 
4^  4H 
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Pipe. — The  various  kinds  of  wood  pipe  used  to  convey  water  for  irri- 
urposes  belong  to  one  of  two  general  types.  One  of  these  is  the  ccm- 
stave  pipe  and  the  other  the  machine  banded  pipe.  Since  the  fonner 
uilt  in  medium  and  large  sizes  in  which  the  diameters  run  from  1  to  12 
1  not  well  adapted  to  the  farmer's  needs  and  for  that  reason  will  not 
lered  here. 

ictory  for  making  machine-banded  pipe  in  San  Francisco,  California, 
wood;  those  located  in  Portland,  Oregon,  Tacoma  and  Seattle,  Wash- 
id  Vancouver,  B.  C,  use  fir.  In  the  States  of  New  York  and  Pennsyl- 
B  pipes  are  made  of  white  pine  and  tamarack  while  in  Louisiana  cy- 
considered  the  most  suitable  wood. 

trter  of  a  century  and  less  ago,  machine-banded  pipe  consisted  wholly 
;umed  in  a  lathe,  machine-bored  and  wrapped  with  flat  steel  bands. 

to  12  feet  in  length  in  the  eastern  factories  and  up  to  20  feet  in  length 
<restem  factories  have  since  been  substituted  for  bored  logs.  The 
hlch  vary  in  thickness  from  1  to  1^4  inches  are  held  together  by  gal- 
steel  wire  spaced  far  apart  or  close  according  as  the  internal  pressure 
eiter  is  low  or  high.    In  some  factories  flat  bands  of  steel  14  to  16  gauge 

instead  of  the  round  wire.  After  the  pipe  is  banded  and  the  ends 
)d  for  couplings  each  section  is  dipped  in  a  bath  of  hot  asphalt  and 
thdrawn  Is  roUed  in  sawdust  or  shavings. 

>lnts  are  made  in  various  ways.  A  common  form  for  low  pressures  is 
he  mortise  and  tenon  joint.  The  joint  is  reinforced  when  the  pressure 
it.    Sometimes  tenons  are  made  on  both  ends  of  each  section  and  the 

is  made  by  means  of  collars.  In  common  with  other  Idnds  oA  pipes 
\s  in  wood  pipe  are  the  chief  source  of  trouble  and  expense. 


Table  XIL — Wooden  Pipe 


leter 


Head. 

Weight, 

Diam- 

Weigh 

feet 

Price 

pounds 

eter 

Head 

Price 

pount 

50 

0.087 

3.1 

10 

in. 

50 

0.268 

13.1 

100 

0.09 

3.2 

100 

0.347 

14.7 

150 

0.092 

3.2 

150 

0.392 

16.7 

200 

0.10 

3.4 

200 

0.455 

17.3 

250 

0.105 

3.5 

250 

0.479 

18.4 

300 

0.116 

3.6 

300 

0.503 

19.4 

50 

0.129 

5.8 

12 

in. 

50 

0.322 

16.8 

100 

0.131 

5.9 

100 

0.413 

18.9 

150 

0.134 

6.0 

150 

0.450 

19.8 

200 

0.166 

6.3 

200 

0.532 

21.7 

250 

0.176 

7.0 

250 

0.618 

23.8 

300 

0.189 

7.3 

300 

0.660 

25.3 

50 

0.163 

8.3 

14 

in. 

50 

0.445 

21.3 

100 

0.168 

8.9 

100 

0.550 

23.0 

150 

0.184 

9.1 

150 

0.629 

25.3 

200 

0.226 

9.6 

200 

0.  745 

28.2 

250 

0.242 

10.0 

250 

0.834 

29.9 

300 

0.258 

10.4 

300 

0.916 

32.3 

50 

0.203 

10.3 

16 

in. 

50 

0.547 

24.7 

100 

0.224 

10.5 

100 

0.639 

26.9 

150 

0.292 

12.8 

150 

0.734 

29.3 

200 

0.332 

13.7 

200 

0.871 

33.4 

250 

0.366 

15.6 

250 

0.987 

36.2 

300 

0.387 

16.2 

300 

1.132 

40.2 

irding  to  S.  O.  Jayne,  Irrigation  Engineer,  U.  S.  Department  of  Agri- 
||  tlie  cost  of  laying  wood  pipe  exclusive  of  earthwork,  baclcfilling  and 
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haulage  varies  from  2  cents  per  lineal  foot  for  pipes  4  to  6  incbee  in  diameter  up 
to  6  cents  for  pipes  24  inches  in  diameter. 

The  prices  and  weights  per  lineal  foot  of  machine-banded  pipe  f .o.b.  cant 
Seattle,  Washington,  are  given  in  Table  XII. 

Metal  Pipes. — Space  will  not  permit  even  a  brief  description  of  each  kind  d 
metal  pipe  used  by  irrigators.  Notwithstanding  the  large  variety  in  the 
market  by  far  the  most  common  is  the  steel-riveted  pipe.  This  pipe  may  be 
purchased  in  a  large  number  of  sizes  ranging  from  4  to  30  inches  and  over  in 
diameter  and  capable  of  withstanding  heads  of  50  to  300  feet.  Each  joint  d 
pipe  is  made  of  a  single  sheet  of  steel  which  is  sized,  punched,  rolled  and  riveted. 
A  number  of  these  joints  are  then  riveted  together  making  a  shipping  length 
about  30  feet.  Each  length  is  immersed  in  a  bath  of  hot  asphalt  before  being 
stacked  up  in  the  shipping  yards.  For  all  sizes  up  to  12  inches  designed  fw 
ordinary  pressures  the  lengths  are  simply  driven  together,  the  smaller  joint 
of  one  end  telescoping  the  larger  joint  of  the  adjacent  length.  For  high  pres- 
sures and  large  sizes  the  circular  seams  are  single  riveted  and  the  seuns  may 
be  split-calked.  For  low  heads,  lighter  and  less  expensive  pipe  of  galvanized 
iron  from  20  to  24  gauge,  both  coated  and  uncoated,  has  during  the  past  fsw 
years  come  into  somewhat  extensive  use  throughout  certain  sections  of  the 
Northwest. 

The  following  table  gives  the  list  prices  of  steel-riveted  pipe  in  Los  AngelM« 

California,  in  1914,  these  prices  being  subject  to  a  discount  of  about  15  per 

cent. 

Tablb  XIII. — Steel  Rfveted  Pipe 


Size 

16-Gauge 

14-Gauge 

12-Oauj 

4  in. 

$0.19 

SO.  22 

5  in. 

0.23 

0.27 

•  •   •  •  • 

6  in. 

0.28 

0.32 

SO.  41 

7  in. 

0.31 

0.37 

0.48 

Sin. 

0.34 

0.40 

0.52 

9  in. 

0.38 

0.42 

0.57 

10  in. 

0.41 

0.47 

0.62 

11  in. 

0.43 

0.49 

0.65 

12  in. 

0.46 

0.55 

0.69 

Cost  of  Plain  Concrete  Pipe  for  Irrigation  Works. — Prof.  B.  A.  Etcheveny 
gives  the  following  in  a  report  to  the  Dept.  of  Agriculture,  Province  of  Britkh 
Columbia,    abstracted   in   Engineering   and   Contracting,   Sept.    18,    1012. 


Table  XIV. — Cement  Pipe  Data 


Inside  diameter  Thickness 

of  pipe  of  pipe 

in  inches  in  inches 

6 IKe 

8 IH 

10 IH 

12 IH 

14 1^ 

16 IH 

18 VA 

20 VA 

22 2 

24 2H 

26 2K 

30 2H 

36 3 


Number  of  feet  of  pipe 
made  with  1  barrel  of 
Cement- 


1; 


4  mixture 

95 
63 
47 
36 

28 
23 
19 
17 
15 

12)^i 

mi 

9 
6K 


1 : 3  mixture 

75 
50 
37 
28 


22 
18 
15 
14 
11^ 

lOH 
9 
7 
5 


No.  of 
Men  com-        feet 
posing  one       made 
crew  per  day 

1  mixer,  1  or  40(HX)0 

2  moulders,     850-400 

1  finisher  and  80&-400 

helper         250-880 

1  or  2  mixers  225-88S 

2  moulders     20O-S78 

1  finisher       lSO-t» 

and  12J^17S 

helper         100-15l> 


3  or  4  mixers 

2  moulders 

1  finisher  and 

helper 


100-159 
00-1S9 
00-119 


1- 

5^   > 


'.y  t 


IRRIGATION  656 

Dimensiotia  of  Cement  Pipes  and  Rate  of  Manufacturing. — ^Tables  XIV  give 
the  thickness  of  the  pipe,  the  number  of  feet  made  per  barrel  of  cement,  the 
number  of  men  in  one  crew  of  pipe  makers,  and  the  number  of  feet  of  pipe 
made  per  day.  The  number  of  men  stated  is  the  number  required  ior  a  large 
production.  The  number  of  feet  per  day  is  not  the  maximum  which  may  be 
obtained  but  is  an  average  rate  for  good  experienced  men.  The  1  to  3  mixture 
requires  about  2)4  bbls.  of  cement  per  cubic  yard  of  concrete.  For  the  1  to  4 
mixture  1^  bbls.  of  cement  per  cubic  yard  are  required. 

Tablk  XV. — Cost  OF  Making  Cbment  Pipes  (in  Cents),  Per  Lineal  Foot 

Diameter  Coet  for  1 :  2    Cost  for  1 :  3      Cost  for  1:4 

of  pine  mixture,  mixture,  mixture, 

in  incnes  cents  cents  cents 

6 »  13  10  7 

8 15  12  9 

10 20  16  11 

12 25  20  16 

14 30  25  20 

16 36  30  25 

18 42  35  30 

20 50  43  35 

24 68  60  50 

26.. 87  75  63 

30 95  85  70 

36 130  115  95 

Co9t  of  Making  Pipe. — The  cost  given  in  Table  XV  is  obtained  from  the 
above  data  and  for  the  following  prices  of  labor  and  material:  Portland 
cement,  $3.50  delivered  on  the  ground.  Gravel,  $1.00  a  cubic  yard.  Labor: 
Tampers  $3.00  a  day;  mixers  and  sprinklers,  $2.50  a  day. 

The  figures  given  include  all  materials  and  labor  and  an  allowance  of  about 
10  per  cent  for  interest  and  depreciation  on  plant,  administration  and  super- 
men, and  should  not  be  exceeded  with  efficient  workers. 

CONSTRUCTION    AND  LAYING   OF   PIPE   LINES 

Sxcavation  of  Trench. — The  pipe  should  be  laid  sufficiently  deep  below  the 
surface  to  have  an  earth  covering  of  at  least  12  ins.  and  preferably  18  ins.  or 
ev«i  more.  The  bottom  of  the  trench  should  be  graded  on  an  even  grade  to 
avoid  short  siphons  which  may  produce  air  chambers  in  the  pipe.  The  width 
0^  the  trench  should  be  larger  than  the  outside  diameter  of  the  pipe  by  about 
12  ins.  to  allow  the  pipe  layers  sufficient  space  to  work  in.  The  trench  width 
and  depth  with  the  cost  of  excavation  are  given  in  Table  XVI,  based  on  an  18 
"1-  depth  of  earth  covering.  The  cost  of  excavation  and  backfilling  is  assumed 
*t  20  cts.  a  cubic  yard. 

^ying  the  Pipe. — The  pipes  are  placed  in  the  trench  standing  on  end  with 
*he  bell  end  or  grooved  end  up.  To  lower  the  large  pipes  more  easily  they 
""^y  be  slid  on  a  chute  or  skid  made  of  timber.  The  pipe  sections  are  joined 
^^  a  mixture  of  1  part  of  cement  to  2  of  fine  sand.  The  taper  end  of  the  pipe 
^hich  has  already  been  laid,  and  the  bell  end  of  the  pipe  to  which  it  is  to  be 
^^,  are  brushed  clean  and  well  wetted  with  a  fiber  brush.  About  an  inch 
*Wckof  the  soil  under  the  bottom  of  the  joint  to  be  made  is  removed  and  a 
I  ^^owel  full  of  mortar  is  spread  in  its  place  to  form  a  bed  of  mortar.  The  bell 
'''^  of  the  pipe  which  is  standing  on  end  is  filled  with  cement  mortar  and  is 
J'JJuned  against  the  taper  end  of  the  previously  laid  pipe.    The  mortar  which 
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Table  XVI. — Cost  of  Excavation  roB  Cement  Pipe  Lines  (in  Cents),  Pn 

Lineal  Foot 


Cost  of  ex- 

cavation ii 

Excavation 

centBSt 

Depth  of 

Width  of 

in  cu. 

yds.  per 

20ot8.pei 
cu.  yd. 

Siae  of  pipe 

trench 

trench 

lineal  foot 

6... 

26 

20 

.13 

2.6 

8... 

28 

22 

.16 

8.2 

10... 

31 

25 

.20 

4.0 

12... 

33 

27 

.23 

4.6 

14... 

35 

29 

.27 

5.4 

16... 

38 

32 

.32 

6.4 

18... 

40 

34 

.35 

7.0 

20... 

42 

36 

.38 

7.6 

24... 

47 

41 

.50 

10.0 

26... 

49 

43 

.55 

11.0 

30... 

54 

48 

.66 

13.2 

36... 

60 

54 

.83 

16.6 

is  squeezed  out  on  the  inside  of  the  joint  is  wiped  with  a  wet  brush  to  torn 
a  smooth  joint.  To  complete  the  joint  a  band  of  mortar  from  2  to  8  in 
wide  and  ^  to  H  in.  thick  is  formed  on  the  outside  of  the  pipe. 

It  is  always  preferable  to  lay  the  pipe  uphill  to  avoid  the  shrinkage  al  tin 
joints  due  to  the  pipe  pulling  away.  It  is  well  to  protect  the  bands  from  th 
action  of  the  sun  for  about  30  minutes  before  backfilling  by  using  wet  builll 
or  placing  a  board  over  them.  To  raise  a  pipe  and  hold  it  on  grade  do  not  m 
clods  but  shovel  in  the  dirt  and  compact  it  by  tamping.  The  bands  should  111 
wetted  before  backfilling;  this  must  be  done  carefully  by  shoveling  the  eirtk 
free  from  rocks,  around  the  pipe  and  tamping  it  imtil  the  pipe  is  well  coverai 
With  loose  sandy  soil  which  packs  easily,  very  little  tamping  is  neoeowy 
The  pipe  should  not  be  used  for  at  least  two  to  three  days,  especially  If  unda 
pressure,  to  give  sufficient  time  for  the  bands  to  harden. 

In  Table  XVII  is  given  information  regarding  the  laying  and  hauling  ^ 
cement  pipe,  based  on  the  wages  and  cost  of  material  given  above.  Ten  ps 
cent  has  been  allowed  for  supervision,  organization,  breaking  of  p(pe  anrf 
miscellaneous. 


Table  XVII. — Cost  op  Laying  and  Hauling  Cement  Pipe  (in  Cemw)  PM 

Lineal  Foot 


Weight  of 
pipe 

Diameter  in  in  lbs. 

inches  per  ft. 

6 20 

8 32 

10 42 

12 66 

14 69 

16 85 

18 100 

20 110 

24 160 

26 175 

30 220 

36 320 


Cost  of 

lasring  ex- 

dasaveof 

Number 

trenchinji 
and  hauf 

of  feet 

Number 

Number 

Cost  pi 

laid  per 

of  men 

of  feet 

ing,  m 

ft.* 

bbl.  of 

in  laying 

laid  per 

ots.  per 

havliiC 

cement 

crew 

day 

ft.     ' 

ailM 

500 

3 

600 

2.25 

400 

3 

600 

2.50 

350 

3 

500 

3.00 

300 

3 

450 

3.50 

225 

3 

400 

4.00 

200 

3 

300 

6.00 

175 

4 

300 

6.25 

150 

4 

300 

6.60 

100 

6 

300 

10.0 

85 

6 

250 

12.0 

75 

6 

200 

14.0 

60 

7 

200 

17.0 

14.4 
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cost  date  giyea  in  the  preceding  tables  are  assembled  and  given  in 
XVIII. 

XYIXI. — Cost  of  Making,  Latino,  Trenching  and  Hauling  Cbmunt 
PiPB  (in  Cbnts),  Pbb  Lineal  Foot 

Cost  of  making 

Cost  of  Cost  of        Total  cost 

leter  of  Cost  of    trench-  hauling 

in  ins.      1 : 3  pipe  1 : 4  pipe   laying         ing  2  miles  1 :  3  pipe    1 : 4  pipe 

10  7  2.25  2.6  .9  15.75  12.76 

12  9  2.60  3.2  1.4  19.10  16.10 

15  11  3.00  4.0  1.9  23.90  19.90 

20  16  3.60  4.6  2.6  30.60  26.60 

26  20  4.00  6.4  3.1  37.60  32.60 

30  26  6.00  6.4  3.8  46.20  40.20 

36  30  6.26  7.0  4.6  62.76  47.76 

43  36  6.60  7.6  6.0  62.20  64.20 

60  60  10.0  10.0  7.2  87.20  77.20 

.76  63  12.0  11.0  7.9  105.90  93.90 

85  70  14.0  13.2  9.9  122.10  107.10 

116  95  17.0  16.6  14.4  163.00  143.00 

3e  cost  values  agree  quite  closely  with  those  given  below  which  are 
)btained  for  about  6  miles  of  pipe  on  the  irrigation  system  of  the  Fruit- 
irrigation  &  Power  Company,  near  Kamloops.  The  concrete  mixture 
ras  composed  of  1  part  of  cement  to  2M  sand  and  lyi  (A  stone,  which 
M>nds  to  a  1  to  3  mixture  of  cement  and  pit  gravel.  Cement  cost  $3  a 
sand  75  cents  a  cubic  yard,  crushed  rock  $2.60  a  cubic  yard,  common 
$2.60  per  day,  skilled  labor  $3  to  $3.50  per  day.  and  teams  $6  per 
The  cost  given  includes  all  materials,  labor,  supervision,  and  deprecia- 
Q  plant. 

s  XIX. — Cost  of  Making  and  Laying  Concrete  Pipe  on  Irrigation 
hrsTEM  OF  Fruitlands  Irrigation  4b  Power  Co..  Near  Kamloops 

eter 

ipe.  Cost  of  making,      Cost  of  laying.  Total  cost, 

les  cents  cents  cents 

•  ••••••••••••••••  xx»x  ••••  •••• 

•  ■■■•■•••■•••••••  Xv*    f  •••■  •••• 

20  11  31 

29.6  16.5  46 

39.6  20.3  59.8 

54.7  23.3  78 

>st  of  Manufacturing  Concrete  Pipe. — The  following  data  were  published 
Dgineering  and  Contracting,  Jan.  14.  1920. 

uring  the  past  season  the  Modesto  Irrigation  District  of  Stanislaus 
'ty.  CaUfomia,  constructed  several  thousand  feet  of  standard  concrete 
•  The  pipe  was  hand  tamped,  reinforced,  made  in  2  ft.  lengths  with  bell 
Bpigot  ends  and  waUs  varying  in  thickness  from  13^  in.  for  8  in.  to  3  in. 
^^in.  pipe.  The  mix  was  1  cement  to  3H  sand. 
^  cost  of  the  pipe  was  as  follows: 

Size,  in.  Cost  per  lin.  ft. 

8  $0. 12K 

12  .21 

16  .36 

20  .61 

24  .68 

30  1.02 

36  1.60 


■  wcNXlen  pipe  w 
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The  above  costs  include  an  allowance  of  $1,000  for  depreciation.  Bevenl 
thousand  feet  of  each  size  up  to  and  including  24  in.  were  made.  Seven! 
hundred  feet  of  the  30-in.  and  36-in.  pipe  also  were  constructed. 

The  force  consisted  of  10  or  12  men  at  $4  per  day  each,  and  a  foreman  at 
$5  per  day.    The  cost  of  materials  was: 

Cement $3. 25  per  bbl. 

Sand 1.  50  per  ton 

Rock 1. 50  per  ton 

An  8-hour  shift  was  worked,  and  an  average  of  350  ft.  of  8  in.  or  180  ft.  of 
24  in.  pipe  was  made  per  shift. 

Costs  of  Continuous  Wood  Stave  Pipe  Lines. — In  Engineering  and  Con- 
tracting, July  21,  1915,  the  following  extract  from  Bulletin  155,  U.  S.  Depart- 
ment of  Agriculture,  by  S.  O.  Jayne,  is  given. 

Eighteen-inch. — At  Astoria,  Ore.,  7H  miles  of  18-in.  pipe  built  in  1896. 
Staves,  fir,  IH  ins.  thick,  milled  from  2  X  6-in.  lumber.  -Bands,  He  in* 
diameter  upset  to  H  in*  a-t  threads.  Clips  No.  12,  B.  W.  G.,  IH  ins.  wide, 
treated.  Shoes,  Allen  patent,  malleable  iron,  weight  10  ounces  each.  Con- 
tract prices  of  steel  in  bands,  4.8  cts.  per  pound.  Lumber,  gross  measure- 
ment, $35.40  per  1,000  ft.  b.  m.  Average  spacing  of  bands,  5^6  ins.  Cost  of 
pipe  to  the  city,  90.33  cts.  per  linear  foot,  including  accessories  or  76  cts. 
excluding  them.  These  figures  are  not  the  actual  cost  of  building  the  pipe,  as 
Mr.  Adams  says:  "It  is  presumable  that  the  contract  prices  represent  a 
profit  of  from  12>^  to  15  per  cent."  The  approximate  cost  at  repladog 
thi3  line  with  one  of  the  same  size  and  length  in  1911  was  $75,000,  redwood 
staves  IH  ins-  thick  being  used  in  the  new  pipe.  The  cost  given  induds 
engineering  expense. 

Thirty-inch. — ^At  Denver,  Colo.,  in  1889,  a  30-in.  pipe  16.4  miles  long  le- 
quired  1,869,000  ft.  b.  m.  of  Texas  pine,  which  cost  $51,399.28,  at  $27JM)  per 
M.,  and  271,900  half -inch  bands,  which  cost  $54,299.55;  erection  of  pipebf 
contract,  at  5.1  cts.  per  band,  $13,866.03;  total,  $119,564.86,  or  $1.36H  PV 
linear  foot.     Trenching  cost  48.3  cts.  per  foot  in  addition  to  foregoing. 

At  Jerome,  Idaho,  1912,  1,529  ft.;  30  ins.  diameter;  fir  staves,  Ifg  ins.  thick: 
bands,  >2  in.  diameter;  pressure,  0  to  47  ft.;  average  haul,  10  miles;  buOtln 
trench  and  burled  2  ft.  deep.  Cost,  including  everything  except  engineering 
and  administration,  $2,922,  or  $1.91  per  linear  foot. 

At  Idaho  Falls,  Idaho,  1905;  800  ft.;  30  ins.  diameter;  fir,  yi  in.  ba&da: 
maximum  head,  34  ft.;  supported  on  wood  cradles.  Cost.  $1.55  per  linear 
foot,  including  everything. 

At  Kennewick,  Wash.,  1908;  9,490  ft.;  30  ins.  diameter;  head,  0  to  180ft.: 
built  by  contract  on  prepared  foundation  for  $  1 .85  per  foot.  Inchides  deUvwy 
of  material  at  railroad  point,  but  no  haul  or  earthwork. 

Thirty-two  Inch. — At  North  Yakima,  Wash.,  1894;  Redwood  siphon  040  ft- 
long;  32  ins.  diameter;  maximum  head,  90  ft.;  bands,  yi  in.  diameter;  biiUt  b^ 
force  account  for  $2,500,  equals  $2.66  per  linear  foot.    Duplicated  by  eoft^ 
tract,  1903,  for  same  figure. 

At  Filer,  Idaho,  1901;  1,300  ft.;  32  ins.  diameter;  fir  staves,  1^  ins.  thick* 
at  $40  per  thousand  feet  b.  m.  on  basis  of  2  X  6-in.  lumber;  bands,  H  ^' 
diameter,  57  cts.  each;  malleable  iron  shoes,  4  cts.  each;  tongues,  H  X  IH  ^^ 
6^6  ins.,  3  cts. ;  pressure  head,  0  to  40  ft. ;  work  done  by  force  account; 
$2.50  for  10  hours,  and  foreman  $5;  hauling  material  8  miles,  $75;  erecting 
top  of  ground,  approximately  $250.    Cost  of  staves  and  steel  laid  down  ^^ 


IRRIGATION  569 

ler,  $1.35  per  foot  of  pipe;  haul  and  erecting,  25  cts.;  total  approximately, 

.60  per  foot. 

Thirty-aiz  Inch, — ^At  Jerome,  Idaho,  1012;  650  ft.;  36  ins.  diameter;  head, 

rO  43  ft. ;  staves,  fir,  1^  ins.  thick;  band,  yi  in.  diameter;  built  in  trench  and 

Tied  2  ft.  deep;  average  haul,"  4  to  5  miles.    Cost,  including  everything 

cept  engineering  and  administration,  $1,596,  or  $2.46  per  foot. 

Forty  Inch. — ^At  Jerome,  Idaho,  1912;  3,113  ft.;  40  ins.  diameter;  head,  0  to 

0  ft.;  fir  staves,  l^i  ins.  thick;  bands,  H  in*  diameter;  built  in  trench  and 
ried  2  ft.  deep;  average  haul,  10  miles;  cost,  $8,933,  or  $2.87  per  foot, 
eluding  everything  except  engineering  and  administration. 

Forty-two  Inch. — ^At  Jerome,  Idaho,  1912;  980  ft.;  42  ins.  'diameter;  head, 
^o  51  ft.;  staves,  fir,  1^  ins.  thick;  bands,  H  hi.  diameter;  built  in  trench 
d  burled  2  ft.  deep;  average  haul,  4  to  5  miles;  cost,  $2,556,  or  $2.61  per  foot, 
iuding  everything  except  engineering  and  administration. 
Forty-four  Inch. — At  Wenatchee,  Wash.,  1902-3;  9,000  ft.;  44  ins.  diameter; 
iximum  head,  235  ft.;  bands,  >^  in.  diameter;  fir  staves,  1^  ins.  thick; 

1  in  trench,  and  on  bridge  across  Wenatchee  River;  contract  price  for 
>e,  $2.20  per  linear  foot.    Excavating  and  backfilling  not  Included. 

%.t  Palisades,  Colo.,  1909-10;  three  fir  pipes,  44  ins.  diameter;  2,850  ft.; 

55  and  1,150  ft.  in  length;  cost  by  contract,  $3.15,  $3.25,  and  $2.90  per 

ear  foot,  respectively.    No  earthwork  included. 

^orty-eight  Inch. — At  Palisades   (orchard  mesa),  Colo.,   1909-10;  for  six 

»es  48  ins.  in  diameter  and  varjring  lengths  and  heads,  the  unit  prices 

iged  from  $2.40  per  foot  up  to  $4.75  per  foot,  the  average  of  the  six  being 

52;  material,  fir. 

it  Deer  Park,  Wash,  (about  1909),  94,000  ft.  of  fir  pipe;  head,  0  to  70  ft.* 

Ut  in  trench;  contract  price,  $2.35  per  foot,  includes  delivery  of  all  material 

railroad  point  and  erection  of  pipe,  but  no  haul  or  earthwork. 

Forty-eight  Inch. — At  Clarkston,  Wash.,  1906;  fir  staves,  1%  ins.  thick, 

-in.  bands;  buUt  in  trench  by  force  account,  for  light  head;  cost,  $2.25  per 

)t,  no  earthwork  included.    Foreman  received  $3.50  per  day  and  other  men 

.50  for  10  hours. 

Fifty-eight  Inch. — At  Pueblo,  Colo.,  1907;  2,277.5  ft.;  cost  by  contract, 

•.14  per  foot,  no  earthwork  included. 

Sixty  Inch. — At  Pueblo,  Colo.,  1907;  on  17  fir  pipes  the  unit  price  per  foot 

nged  from   $4.19  to  $6.58,   averaging  $5.51.    The  combined  length   of 

^  pipes  equals  19,821.6  feet,  making  the  average  price  per  foot  on  this  basis 

lual  $6.27;  earthwork  not  included. 

Sixty  Inch. — At  Nissa,  Ore.,  1912;  6,700  ft.;  average  head  about  65  ft.; 
^ds,  %  in.  diameter;  staves,  fir,  2  X  6  ins.;  built  on  wooden  cradles;  con- 
tact price,  $4.25  per  foot,  included  material,  erecting,  and  freight,  but  no  haul 
T  earthwork. 

Comparative  Annual  Cost  of  Wooden  Flumes  and  Pipes. — Prof.  B.  A. 
Stcheverry  gives  the  following  in  a  report  to  the  Dept.  of  Agriculture,  Province 
'^British  Columbia,  abstracted  in  Engineering  and  Contracting,  Sept.  4, 1912. 

for  ordinary  conditions  it  is  roughly  estimated  that  a  wooden  flume  system 
^  cost  one-half  as  much  as  a  wooden  pipe  system.  For  very  rough  land 
fequiring  a  great  deal  of  fluming  on  high  trestles,  the  comparison  in  cost 
'ould  not  be  so  favorable  to  wooden  flume.  As  far  as  durability  is  con- 
*nied,  the  life  of  a  well  constructed  wooden  flume  should  be  between  8 
^  12  years.  The  life  of  a  wooden  pipe  which  is  full  only  part  of  the  time  is 
•'oblematical ;  it  depends  somewhat  on  the  kind  of  wood  and  on  the  soil  in 
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which  it  is  placed.  In  Idaho  4  X  4  in.  wooden  posts  used  for  lot  oomen, 
made  of  the  best  fir  and  painted,  have  been  ahnost  completely  destroyed  in  one 
year.  There  are  a  number  of  instances  where  wooden  pipes  have  gone  to 
pieces  in  4  or  5  years  or  even  less.  However,  if  the  pipe  is  made  of  good 
selected  material,  free  from  sap  wood,  the  life  should  be  from  10  to  15  yean 
for  a  wooden  pipe  empty  part  of  the  year.  The  life  of  wooden  pipe  which  is 
kept  constantly  full  and  buried  to  such  depth  as  to  prevent  freezing  would  be 
considerably  greater,  probably  20  to  30  years,  provided  the  soil  in  whidi  it  is 
buried  does  not  contain  injurious  salts.  Were  it  not  necessary  to' prevent 
the  water  in  the  pipe  from  freezing,  it  is  my  opinion  that  the  life  of  a  wooden 
pipe  kept  constantly  full  and  imder  sufficient  head  for  the  wood  to  be  satu- 
rated would  be  increased  if  it  was  laid  above  ground  not  in  contact  with  the 
soil. 

As  far  as  the  cost  of  maintenance  is  concerned,  a  wooden  flume  system 
requires  frequent  repairs,  •tarring  and  calking,  the  cost  of  which  would  be 
greater  than  the  maintenance  of  a  pipe  system. 

It  is  impossible  to  represent  numerically  the  above  statements  with  uy 
d^ree  of  accuracy  because  of  the  varying  conditions.  Roughly,  they  may  be 
represented  as  follows: 

Annual  Cost  op  Wooden  Flumes  and  Wooden  Pipes  Given  in  Per  Cemt 

OF  First  Cost 

Percent 

For  wooden  flumes,  life  8  to  12  years: 

Annual  maintenance  and  repairs  distributed  over  entire  life 5 

Sinking  fund  for  renewals 9 

Interested  on  capital  invested 6 

Total 20 

For  wooden  pipes  empty  part  of  the  time,  life  10  to  15  years: 

Maintenance  and  repairs 2 

Sinking  fund  for  renewals 7 

Interest  on  capital  invested 6 

Total 16 

For  wooden  pipes  always  full,  life  20  to  30  years: 

Maintenance  and  repairs 1 

Sinking  fund  for  renewal 4 

Interest  on  capital  invested 6 

Total 11 

These  figures  show  that  the  annual  cost  which  must  be  provided  for  t9 
maintain  and  renew  a  system  and  pay  interest  on  capital  invested  is  30  pe^ 
cent  for  a  wooden  flume  system,  15  per  cent  for  a  pipe  system,  in  use  part  oT' 
the  time  and  1 1  per  cent  for  a  pipe  system  always  full.  These  costs  are  in  th9 
ratio  of  1.8,  1.3  and  1.  Therefore  a  flume  system  is  more  economical  than  ftr 
wooden  pipe  system,  which  can  be  kept  full  of  water  only  part  of  the  time^ 
when  the  cost  of  the  wooden  pipe  system  would  be  in  excess  of  1.3  times  ib» 
cost  of  the  flume  system.  Also  the  flume  system  is  more  economical  when  tb» 
cost  of  a  wooden  pipe  system  which  can  be  kept  full  of  water  all  the  time  l» 
1.8  times  the  cost  of  the  flume  system.  As  stated  above,  a  wooden  pipe 
system  under  average  conditions  will  cost  about  twice  as  much  as  awoodeD' 
flume  system;  therefore,  if  the  above  cost  alone  is  considered,  a  wooden  flumiF 
ss^'stem  is  more  economical.  But  there  are  other  relative  advantages 
disadvantages  which  should  be  considered. 
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le  third  type  of  system. — that  is,  the  wooden  pipe  system  which  can  be 
full  all  the  year  around  without  freezing — has  the  advantage  that  it  can 
3ed  for  domestic  supply.  Tlie  other  two  types  require  a  separate  domee- 
ystem  if  domestic  water  is  desired.  But  it  is  not  always  possible  to 
t>ine  the  two,  for  often  the  source  of  supply  from  which  the  irrigation 
tr  is  obtained  may  be  frozen  in  the  winter  or  it  may  be  so  polluted  that  it 
tt  safe  drinking  water  and  if  it  must  be  filtered  or  treated  to  purify  it.  it 
Id  be  very  poor  economy  to  have  to  purify  the  irrigation  water  as  well  as 
iomestic  water  which  are  carried  in  the  same  pipe.  If  these  conditions 
a  separate  domestic  system  is  preferable. 

le  Cost  of  a  High  Flume  Trestle  in  Idaho. — ^A.  M.  Itorsmo  gives  the 
wing  in  Engineering  Record,  April  5,  1013. 

le  flume  is  a  part  of  the  Cottonwood  Feeder  Canal  on  the  Twin  FaU»- 
ley  irrigation  project  at  Oakley,  Idaho.     The  trestle  forms  the  substnio- 
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Flo.  11. — Framing  details  of  timber  trestle  in  Idaho. 


ro  for  a  corrugated-steel  Lennon  flume  across  a  deep  gulch.  The  material 
^  in  its  construction  was  No.  1  common,  rough  Oregon  fir  lumber,  which, 
nsidering  its  grade,  was  of  good  quality  and  fully  dimensioned.  In  design- 
l  the  trestle  a  batter  of  3  in  24  was  used  on  the  bent  posts,  this  being  con- 
iered  sufficient  on  account  of  the  sheltered  location  of  the  structure.  The 
ilch  is  a  very  winding  one  and  high  winds  never  occur. 
Sirudurdl  Details. — The  structure  consists  of  a  series  of  timber  bents  23  ft. 
^  in  centers,  every  pair  of  bents  forming  a  tower.  All  posts  rest  on  con- 
^  piers  1  ft.  square  on  top,  18  in.  high  and  built  with  a  batter  of  1  to  2. 
Ml  straps,  anchored  in  the  pedestals,  are  fastened  to  the  posts  to  prevent 
■iiiig  or  overturning. 

^  trestle  is  564  ft.  long  and  has  a  maximum  height  of  96  ft.    With  the 
Its  spaced  23  ft.  6  in.  on  centers  it  was  considered  impracticable  to  erect 
36 
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one  deck  at  a  time  on  account  of  the  great  amount  of  falsework  and  sta^ng 
that  would  be  required  by  this  method.  A  cantilever  erecting  bcsam  was  then 
built  with  the  idea  of  erecting  the  structure  from  one  end  and  compiednp 
each  bent  as  the  work  advanced.  The  framing  of  the  trestle  is  shown  in 
Fig.  11. 

Erection  Methods. — The  north  side  of  the  gulch  has  a  flat  slope,  the  first 
four  bents  having  no  cripples ;  the  erection  was  begim  at  that  end.  All  cutting 
and  framing  was  done  below,  in  the  bottom  of  the  gulch,  and  "snaked  up"  to 
place  by  mule  power,  where  it  was  assembled  and  erected. 

All  the  falsework  required  was  a  platform  4  ft.  below  the  stringera.  runiung 
back  two  bents  from  the  one  last  erected.  It  was  used  to  set  the  traveler  <m 
and  as  a  scaffold  from  which  the  stringers  and  kneebraces  weoe  placed  is 
position.  As  the  traveler  advanced  the  falsework  on  the  finished  section  was 
torn  up,  the  4  x  4-in.  carriers  of  the  flume  were  placed  in  position  on  the 
stringers  and  the  running  [Uanks  laid  on  the  carriers. 

When  the  traveler  had  been  rolled  out  into  position  by  the  aid  of  a  dolly  and 
the  rear  end  of  the  traveler  anchored  nith  chains  to  the  bent  behind  the  lower 
cripple  a  new  bent  was  ready  to  be  erected.  One  end  of  the  3  X  6-in. 
running  braces  was  fastened  to  the  bent  legs  under  the  cap  before  the  latta 
was  erected.  This  was  done  with  a  ^ij-in.  bolt,  and  when  the  bent  had  been 
hoisted  into  place  these  3  X  6-in.  longitudinal  braces  were  s«*ung  up  into 
position  and  nailed  under  the  corresponding  cap  of  the  bent  last  erected. 
This  was  done  by  using  tag  lines  lowered  from  the  traveler  platform  above 

This  method  of  erection  was  followed  on  all  bents,  and  when  the  structure 
was  completed  all  3  X  6-in.  running  braces  between  towers  were  removed. 
When  these  braces  were  a  x>art  of  a  tower  the  end  which  had  been  bolted  waa 
spiked  and  the  bolts  removed.  Sway  bracing  was  then  raised  and  fastened  la 
place  by  means  of  ropes  and  blocks,  theiatter  being  swung  from  the  stringon 
above.  Before  the  top  section  of  a  bent  was  raised  two  2  X  ^in.  stripe, 
one  on  either  side  of  the  bent  and  4  ft.  from  the  top  end,  were  U-bolted  totht 
posts.  These  carried  the  traveler  platform,  the  erecting  beam  holding  tl» 
bent  fast  until  the  stringers  and  staging  had  been  placed  in  position. 

Erection  Costs. — The  erection  covered  a  period  of  fifteen  days,  with  a  ciwr 
of  seven  laborers,  four  carpenters  and  one  foreman.  Below  is  a  nBoord  cf 
costs.  It  should  be  noted  that  no  experienced  loft  men  were  used.  This 
an  important  consideration,  as  it  retarded  the  erection  considerably, 
the  men  were  unaccustomed  to  work  high  in  the  air.  With  an  experieDoed 
crew  the  erection  would  have  cost  at  least  SI  .75  less  per  1000 ft.  board ; 
this  estimate  being  based  on  the  subsequent  erection  of  another, 
smaller,  trestle  by  the  same  crew  that  built  the  high  one. 

Summary  of  Costs 
Total  Lumber  Used  Equals  27.9  Af.  Ft.  B.M. 

Laborers 775  hours  at  25  cents $19S.  75 

Carx>enter8 G49  hours  at  35  cents 227.  IS 

Foremen 148  hours  at  45  cents 66.60 

Mule ISOhouroat  10  cents , 14.66 

Total nsm.m 

.\vcrage,  $18.00  per  1000  ft.,  board  measure. 

Cost  of  Repairing  Leaky   Wooden  Flume   with  Rooflng  Paper 

Engineering  News-Record,  Jan.  15,  1920,  gives  the  fcdlo^ing: 
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A  wooden  flume  that  has  now  supplied  a  Southern  California  irrigation 
listrict  for  over  30  years  began  to  lealc  badly  a  few  years  ago.  The  leakage 
Qcreased  despite  remedial  measures,  until  about  50%  of  the  flow  was  escap- 
ng.  The  water  company  was  losing  revenue  and  there  was  danger  of  crop  loss 
hrough  water  shortage,  so  immediate  relief  w'as  necessary.  On  account  of 
he  high  cost  of  permanent  flume  construction  and  the  improbability  of  earning 
k  return  on  investment  of  that  sort,  effort  was  made  to  find  some  cheap  and 
tflfective  means  of  reducing  leakage  in  the  old  flume.  Various  expedients  had 
>een  tried  before  this  time.  Sections  of  the  flume  box  had  been  caulked  and 
rattened,  or  coated  with  hot  asphalt,  a  layer  of  burlap  applied,  and  a  second 
oat  of  asphalt  put  on  over  the  burlap.  None  of  these  expedients,  however, 
educed  the  leakage  materially. 

It  was  flnally  decided  to  try  lining  the  flume  with  prepared  roofing  paper, 
rhree  methods  were  worked  out  and  careful  records  of  each  were  kept.  The 
Qore  effective  of  these  reduced  the  leakage  from  60%  to  about  3%.  After 
Ive  years  of  service  the  leakage  is  still  kept  down  to  about  10%  by  the  occa- 
ional  renewal  of  sections  here  and  there. 

Of  the  three  types  of  lining  tried,  one  was  effective  but  cost  too  much, 
mother  was  entirely  unsatisfactory  and  after  being  in  use  for  about  two  years 
was  removed  and  replaced  by  a  third  type  which  was  found  to  be  entirely 
satisfactory  and  was  adopted  as  standard.  An  advantage  claimed  for  lining 
of  the  roofing  paper  type  is  the  ease  with  which  repairs  or  renewals  are  made. 
In  addition  to  maintenance  of  this  sort  it  has  been  found  desirable  to  mop  the 
entire  lining  with  asphalt  at  intervals  of  at  least  two  years. 

Types  of  Lining. — In  the  Type  I  lining  the  flume  was  strengthened  wher- 
ever necessary,  large  cracks  were  plugged,  flume  box  was  swept  and  seams 
were  mopped  with  asphalt.    All  this  was  done  by  company  force.    Con- 
tractors then  flooded  flume  with  hot  asphalt,  into  which  a  layer  of  "P  &  B" 
aspbalt  saturated  felt  weighing  1 1  lb.  per  square  was  placed  while  the  asphalt 
was  still  hot.     The  felt  was  lapped  3  in.  at  seams,  and  was  reinforced  in 
coniers  and  at  all  joints  with  strips  of  Irish  felt.     The  felt  was  then  flooded 
with  hot  asphalt  and  1-ply  "Cronolite"  roofing,  weighing  37  lb.  per  square, 
'M  applied  while  asphalt  was  still  hot.     The  lining  was  then  mopped  with  hot 
asphalt.    A  total  of  140,940  square  feet  of  flume  was  lined  in  this  way. 

In  the  Type  II  lining  the  flume  was  prepared  by  the  company's  men  as 
*We.  By  mopping  on  hot  asphalt  the  contractor  then  attached  a  strip  of 
water  proof  felt  to  the  flume  box  where  the  roofing  paper  joints  would  come. 
After  mopping  this  felt  strip  one  edge  of  the  roofing  sheet  was  nailed  down  to  it 
^d  when  the  sheet  had  in  turn  been  mopped  the  edge  of  the  overlapping 
sheet  was  placed  and  nailed  every  two  inches.  Finally,  the  joint  was  mopped 
over  the  nail  heads.  The  upper  edge  of  the  roofing  on  the  sides  of  the  flume 
^^  nailed  without  mopping.  Two-ply  Trino  ready  roofing  was  used  in  this 
type  on  189,560  sq.  ft.  of  flume.  At  least  35  lb.  of  asphalt  per  square  was  found 
^  be  desirable  with  this  type. 

^^  Type  III  the  flume  was  prepared  for  lining  by  the  company's  men  as 
^'^y  described.  The  contractor  coated  both  flume  and  lining  with  hot 
^halt  and  applied  the  lining  while  the  asphalt  was  still  hot,  thus  forming  a 
W  bond  between  lining  and  flume  box.  Laps  in  the  lining  at  joints  were 
J*»led  with  large  flat-headed,  roofing  nails.     A  total  of  1,051,402  sq.  ft.  of 

I"'"^^  was  lined  in  this  way,  using  2-ply  Flaxine  and  Argonaut  prepared  roofing. 
Co«<«.— The  cost  of  preparing  the  flume  for  lining,  hauling  materials,  super- 
^^.  etc.,  was  $7,838.62,  or  $0.57  per  square.     This  charge  was  made  against 
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all  types  of  lining.  California  asphalt  was  used  throughout.    The  costs  were 
as  follows: 

Type  I 

Preparing  flume,  etc.,  1,409.4  squares  at  $0.57 $       709.07 

Lining  by  contract,  1,409.4  squares  at  $3.43 4,831.30 

t,409. 4  squares  at  $4 $  5,630.97 

Type  II 

Preparing  flume,  etc.,  1.895.6  squares  at  $0.57 $  1 ,075.49 

Limng  by  contract,  1,895.6  squares  at  $2.47 4,678.07 

1,895.  6  squares  at  $3.04 $  5.763.56 

Type  III 

Preparing  flume,  etc.,  10,514  squares  at  $0.57 $  5.063.46 

Lining  by  contract,  10,514  squares  at  $2.43 25,541.44 

10,514  squares  at  $3 S31.504.90 

Total:  13,819  squares  at  $3.10 $42,889.4$ 

Comparison  of  Wood  and  Concrete  for  Use  in  Irrigation  Stmctitret. — 
The  following  discussion  is  given  by  S.  T.  Harding.  Assistant  Professor  d 
Irrigation,  University  of  California,  in  Engineering  and  Contracting,  Apffl 
12,  1916. 

The  relative  economy  of  wood  and  concrete  structures  for  use  on  irrigstkw 
systems  is  a  question  subject  to  much  debate  among-irrigation  engliieen. 
The  following  comparisons  were  made  to  determine,  first,  the  amount  of  wood 
in  feet  board  measure  which  is  the  equivalent  of  one  cubic  yard  of  concrate  lA 
different  types  of  structures  and,  secondly,  to  compare  the  relative  cost  for 
certain  assumed  conditions.  The  cost  and  conditions  of  use  of  these  two 
materials  will  vary  so  widely  in  different  portions  of  the  West  that  the  choiot 
in  any  particular  case  will  have  to  be  based  on  a  considerati(m  of  these  kietl 
factors. 

The  comparisons  which  are  made  refer  to  the  types  of  structures  used  Oi 
distribution  systems.  The  choice  of  the  material  to  be  used  in  ImporttBt 
single  structures  is  often  fixed  by  a  consideration  of  other  factors  than  tbe 
relative  cost  of  the  material  used.  The  difficulties  of  replaowoent  and  'fiMmuT 
from  failure  generally  make  the  use  of  the  more  permanent  forms  of  constnie- 
tion  desirable  for  diversion  dams  and  headgates. 

The  comparison  of  wood  and  concrete  for  the  usual  irrigation  structures  alw 
involves  more  than  considerations  of  first  cost  and  the  life  of  the  stnu^um. 
In  new  projects  the  location  of  parts  of  the  distribution  system,  particulaily 
sub-laterals,  may  need  modification  or  change  which  involves  less  loss  wttli 
the  cheaper  wooden  structures.  Also,  a  wooden  structure  has  some  salTSfB 
value;  a  concrete  structure  if  removed  is  generally  a  total  loss.  Experieoflt 
in  operation  or  general  advance  in  irrigation  engineering  may  enable  structuni 
to  be  designed  which  may  be  more  suitable  than  those  first  used.  Tlia 
methods  of  applying  water  to  the  lands  may  be  modified.  The  present  tend- 
ency is  toward  methods  which  permit  of  the  handling  of  larger  streami  of 
water  on  the  individual  farm.  This  may  require  changes  in  the  sub-lalenl 
systems  such  as  larger  delivery  turnouts  and  checks. 

The  financial  conditions  of  the  constructing  company  may  be  such  that  tte 
initial  expenses  must  be  kept  at  a  mimimum  until  the  project  is  placed  on  u 
operation  basis.  The  interest  rate  at  which  funds  can  be  secured  in  the  eaiUtf 
stages  of  a  project  is  often  much  higher  than  those  obtainable  later,  00  that  tto 
cheaper  wooden  structures  may  be  more  economical  for  fint  constmcUoQ*  to  to 
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by  concrete.  It  may  be  economical  where  the  period  of  develop- 
pected  is  longer,  than  the  life  of  the  wood  structures  to  construct  the 
nd  structures  of  only  sufficient  capacity  for  this  early  period  and  to 
the  canal  at  the  time  of  replacement.  Concrete  structures  in  the 
construction  would  need  to  be  built  to  full  capacity  and  thus  increase 
)unt  of  non-productive  investment.  This  applies  to  structures  in 
aals  and  laterals,  such  as  checks  and  flumes,  more  than  to  individual 
or  turnout  structures. 

originally  constructed,  the  canals  may  be  in  undeveloped  sections 

adequate  transportation  facilities.  Following  settlement,  this  may 
ome  so  that  the  relative  prices  of  the  two  materials  may  be  much  dif- 
;  the  time  the  original  wood  structures  must  be  replaced.  The  prices 
NO  materials  has  tended  to  change,  wood  increasing  and  cement  de- 
,  so  that  concrete  may  be  able  to  compete  with  wood  in  replacements 
would  not  have  been  able  to  do  so  for  the  original  construction. 

various  considerations  will  fix  the  choice  between  these  two 
9  for  original  construction  more  often  than  a  strict  computation  of 

economy.  After  a  project  has  been  in  operation  sufficiently  long  to 
.  itself  as  a  going  concern,  the  replacements  as  needed  can  be  planned 
ater  attention  to  the  relative  cost  and  service  of  the  two  types.  This 
r  is  evident  in  practice,  as  on  many  systems  side  hill  bench  flumes 
en  replaced  with  retaining  wall  lined  sections,  wooden  drops  with 
,  etc.  The  comparisons  here  given  will  have  a  larger  application  in 
terment  work  than  in  original  construction. 
9/  Cost  of  Concrete  and  Wood  in  Structures  to  Total  Cost  of  Structure. — 

of  cost  for  wood  structures  generally  used  is  the  1,000  ft.  board  meas- 
;.B.M.;  that  for  concrete  the  cubic  yard.  These  materials  form  only 
'  the  total  structure,  in  both  cases  excavation,  backfill,  miscellaneous 
ch  as  gates,  footwalks,  and  footings  for  fiuraes  are  required.  The 
3n  of  the  total  cost,  which  consists  either  of  the  wood  or  concrete,  was 
led  for  many  structures  for  which  costs  were  available  from  various 

The  proportions  vary  rather  widely  with  different  conditions,  but 
«dng  generalizations,  Table  XX,  were  made.  The  percentages  given 
tie  cost  of  concrete  and  wood  in  place. 

ex. — Cost   op   Concrete   and    Wood    in    Irrigation    Structures 
B8ED  AS  A  Percentage  of  the  Total  Cost  op  the  Structure 

— :— Cone,    structures —      — Wood   structures 

Usual     Usual  Usual     Usual 

)f  structure  max.       min.      Mean      max.       min.      Mean 

,   75  50  65  65  40  50 

85  60  75  75  50  60 

90  60  80  75  50  65 

arts 95  60  80  70  50  60 

mes . .  • .  95  75  85 

mcrete  pipe  siphons ...       85  65  75 


•    • 


rr  of  Cubic  Yards  of  Concrete  Which  are  Equivalent  to  1,000  Ft.  Board 
— Comparisons  of  the  amount  of  concrete  or  wood  required  were  made 
idual  structures.  Drawings  of  either  wood  or  concrete  structures 
i  and  the  amount  of  material  for  an  equivalent  structure  of  the  other 
iputed.  From  these  comparisons  the  number  of  cubic  yards  of  con- 
ich  were  equivalent  to  one  M.B.M.  of  wood  were  obtained.  The 
general  figures  are  given  in  Table  XXI. 
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Table  XXI. — Numbbr  of  Cubic  Yards  of  Concrete  Which  abb  EquivALliiT 

TO  1,000  Ft.  B.M.,  of  Wood 

Number 

of  comp-        Usual  Usual 

Kind  of  structure  arisons.  min.  max.  Mean 

Turnouts 29  9.0  4.5  6.6 

Checks 12  8.0  5.5  6.4 

Drops 13  7.5  4.5  6.0 

Box  culverts 23  10. 0  5. 0  7.6 

Flumes 13  6.5  3.5  4.2 

Bridge  floors  up  to  20-ft.  span 20  7.0  4.0  5.2 

As  shown  in  the  table,  the  ratio  varies  widely.  This  is  largely  due  to  diflfer* 
ences  in  design  on  different  systems.  Wood  structures  are  better  standardized 
than  concrete,  the  commercial  thicknesses  of  lumber  are  used,  such  as  2^ 
plank  for  the  smaller  structures  and  3-in.  plank  for  the  larger  ones  or  those 
difficult  to  replace,  such  as  culvert  barrels.  With  concrete,  the  required  thidc- 
ness  of  such  parts  as  headwalls  for  small  structures  cannot  be  definitely  coin- 
puted  and  practice  varies  with  the  policy  of  different  forms  of  organization  and 
climatic  conditions.  Examples  were  found  of  similar  structures  having  over 
100  per  cent  variation  in  the  thickness  of  similar  parts;  the  inlet  floors  to  turn- 
outs of  similar  size  varied  from  4  in.  of  plain  concrete  to  8  in.  cross  reinforoed. 
In  the  comparisons  it  was  attempted  to  use  wood  structures  of  equivalflitf 
heaviness  of  design  to  the  concrete  structure  for  which  the  comparison  wu 
being  made. 

If  comparisons  are  made  for  straight  wall  construction,  such  as  would  be 
used  in  small  head  walls,  the  ratios  in  Table  XXII  will  be  obtained. 


Table  XXII 

Number  of  cubic  yards  of  concrete  whieh 
are  equivalent  to  1,000  ft.  B.M.  of  wood 
in  straight  walls 
Thickness  of  For  2-in.  plank  with    For  3-in.  lumber  wHk 

concrete  wall  4  X  4-in.  posts  6  X6-iQ.  postt 

inches  spaced  4  ft.  spaced  3  ft 

3  4.0  2.8 

4  5.3  3.1 

6  8.0  4.6 

8  10.6  6.2 

10       13.2  7.7 

Three-inch  concrete  walls  have  been  used  in  some  small  structureB  wttb 
separately  cast  slabs.  Four-inch  walls  have  been  used  in  favorable  rHmetffi 
particularly  for  those  parts  where  forms  were  not  required.  A  thickneei  rf 
6  in.  represents  the  usual  minimum  where  forms  are  used,  especially  wbfli 
reinforcing  is  needed.  Eight  and  ten-inch  walls  are  used  in  lalrger  structani 
where  more  than  average  strength  is  required  or  where  generaly  heavy  typii 
of  structures  are  adopted. 

The  structures  included  under  turnouts  include  both  lateral  headgatee  and 
farm  turnouts.  The  ratios  for  these,  as  well  as  for  checks  and  drops,  are  kM 
variable  than  for  such  structures  as  culverts.  In  these  structureB  the  tUcfc^ 
ness  of  the  concrete  is  more  often  fixed  by  construction  conditions  than  by  uif 
determinate  stresses,  and  the  design  is  as  largely  the  result  of  experteooft  M  if  { 
theory.  With  culverts  a  wide  variation  in  practice  was  found;  the  ( 
ratio  was  higher  than  for  any  other  type  of  structure.  This  is  due  moet  laiffif  I 
to  the  use  of  realtive  heavy  barrels  in  concrete  culverts.  Such  banels  nqpilii{ 
forms  and  the  use  of  thin  walls  under  favorable  conditions  is  preveoted 
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ox  culverts  are  used  by  construction  conditions.  Separate  comparison  of  the 
ilets  and  outlets  gave  ratios  for  these  similar  to  those  for  turnouts,  checks  and 
rops;  for  the  barrels  of  box  culverts  the  ratio  averaged  about  8.5.  Pipe 
Lilverts  in  which  the  barrel  is  made  of  various  types  of  pipe  were  not  included 
1  these  comparisons. 

The  ratios  are  smallest  in  those  tjrpes  of  structures  where  the  concrete  can 
e  designed  to  withstand  definite  stresses  of  compression  or  as  beams.  This 
3ciirs  in  bridge  floors  and  in  flumes.  Concrete  flumes  have  been  actually 
3ed  to  only  a  small  extent  as  yet,  due  mainly  to  the  difficulties  in  constructing 
le  trestle  members.  Standard  designs  have  been  prepared  for  various  sizes 
f  flumes  of  both  concrete  and  wood  by  the  U.  S.  Reclamation  Service,  and 
luivalent  sizes  of  these  were  compared  for  both  the  flume  box  and  for  bents 
}  ft.  high.  The  average  ratio  for  the  flume  box  was  about  4.5  and  for  the 
3nts  4.0.  The  cost  per  cubic  yard  of  concrete  in  concrete  flumes  is  greater 
lan  for  other  typeb  of  structures,  and  this  excess  cost  may  more  than  balance 
le  smaller  amount  required. 

The  standard  designs  of  slab  and  T-beam  highway  bridges  of  the  U.  S. 
ureau  of  Public  Roads  were  compared  with  standard  designs  of  wood  stringer 
ridges  for  the  floors  only  for  spans  of  from  8  to  20  ft.  The  average  ratio  for 
le  slab  bridges  was  6.7,  varying  from  about  5.0  for  8-ft.  spans  to  7.5  for  16-ft. 
>ans.  For  T-beam  forms  of  concrete  bridges,  the  ratio  varied  from  4.3  for  10- 
;.  spans,  to  3.  7  for  20-ft.  spans. 

The  more  usual  comparison  between  wood  and  concrete  which  will  be  made 
1  irrigation  practice  is  for  the  more  numerous  turnouts,  checks,  drops  and  cul- 
erts.  For  flumes  the  comparison  is  more  often  between  the  wooden  flume 
nd  other  forms  of  constniction,  such  as  siphons  or  steel  flumes.  With 
•ridges  the  choice  is  often  determined  by  the  fact  that  in  many  western  States 
he  county  maintains  the  bridges  after  their  original  construction  by  the  canal 
ompany.  For  the  more  typical  irrigation  structures,  a  ratio  of  about  6.5 
u.  yd.  of  concrete  to  1,000  ft.  B.  M.  can  be  taken  as  an  average  with  varia- 
ions  of  from  about  4.6  to  9.0  under  different  conditions,  methods  and  policies. 

Relative  Cost  of  Wood  and  Concrete. — The  choice  between  wood  and  concrete 
onstruction  dei)ends  on  the  relative  total  cost.  The  ratio  of  the  amount  of 
oncrete  equivalent  to  1,000  ft.  board  measure  has  been  discussed.  The 
elative  unit  cost  also  needs  to  be  known,  in  order  to  make  complete 
omparisons. 

The  unit  cost  of  both  concrete  and  wood  in  irrigation  construction  varies 
'ery  widely.  This  applies  both  to  the  material  cost  and  the  cost  of  construc- 
ion.  The  price  of  cement  on  the  work  is  usually  much  higher  than  in  the 
i^ast.  Aggregate  may  be  expensive  to  secure  and  the  haul  to  scattered  struc- 
iires  is  usually  a  considerable  Item.  Also,  even  water  for  mixing,  particularly 
a  first  construction,  may  have  to  be  hauled  considerable  distances.  Under 
uch  conditions  the  cost  per  cubic  yard  of  concrete  is  naturally  very  variable. 
Inder  favorable  conditions  costs  of  $10  per  cubic  yard  may  be  secured.  This 
epresents  about  the  minimum  for  the  usual  small  scattered  structures;  for 
iTger  single  structures  or  linings  the  cost  may  be  less.  Under  unfavorable 
onditions  of  material,  or  for  thin  walls  requiring  forms,  the  cost  may  be  as 
igh  as  $20  or  $25  per  cubic  yard.  About  $12  to  $16  per  cubic  yard  may  be 
aken  for  such  structures,  although  where  the  costs  vary  so  widely  average 
osts  should  be  used  with  caution. 

The  unit  cost  of  wood  in  place  also  varies  widely.  The  material  price 
lepends  on  the  nearness  to  thd  source  of  supply  and  the  wagon  haul  required. 
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The  labor  cost  of  construction  varies  with  the  type  of  structure.  For  small 
scattered  special  structures  or  for  high  flumes,  it  may  be  as  high  as  $20  per 
1,000  ft.  B.  M. ;  for  standard  structures  of  which  large  numbers  are  used,  sudi 
as  individual  turnouts  where  the  framing  can  be  done  at  central  i>oint8,  tbe 
cost  may  be  as  low  as  $6  per  M.  B.  M.  For  usual  conditions  for  structum 
except  high  flumes,  the  labor  cost  will  generally  be  about  $10  or  $12  per  M. 
B.  M.  The  material  cost  varies  equally  widely.  In  localities  near  the  souices 
of  supply  suitable  lumber  may  be  obtained  for  as  low  as  $15  per  M.  B.  M.; 
in  others  it  may  be  as  high  as  $30,  averaging  perhaps  about  $20.  This  gives 
a  cost  in  place  of  from  as  low  as  about  $20  to  as  high  as  $50  with  an  avenge 
of  $30  to  $40.  These  averages,  as  in  the  case  of  average  costs  of  concrete* 
have  a  limited  application.  They  give  a  ratio  of  average  cost  of  1,000  ft 
B.  M.  to  that  of  1  cu.  yd.  of  concrete  of  about  2^i  to  1.  If  the  average  ntio 
of  the  quantities  required  is  taken  as  6.5  to  1  and  cost  as  1  to  2^,  the  ratio  of 
the  total  cost  of  the  lumber  or  concrete  part  of  the  structure  will  be  2.6  to  1. 
The  cost  of  the  other  parts  of  structures  as  previously  given  is  for  comcnlt 
structures  about  25  per  cent  of  the  total  cost,  or  one-third  of  the  cost  of  tbe 
concrete,  and  for  wood  structures  40  per  cent  of  the  total  cost,  or  two-tUrdB 
of  the  cost  of  the  wood  in  the  structure.  On  this  basis  the  average  total  coit 
of  concrete  structures  will  be  about  100  per  cent  greater  than  that  of  siiniler 
wood  structures.  Where  the  price  of  lumber  is  high  and  the  conditions  for  oaB* 
Crete  are  favorable,  a  condition  more  often  found  in  parts  of  Califomla  tbe 
cost  of  concrete  structures  may  not  be  more  than  50  per  cent  greater,  and  f& 
some  particular  cases  no  greater,  than  equivalent  wood  structures.  In  the 
higher  altitudes  where  lumber  is  often  relatively  low  in  price  and  the  cost  of 
concrete  often  relatively  high,  the  concrete  structures  may  cost  200  pv  cent 
or  more  in  excess  of  the  cost  of  wood  structures. 

Maintenance  and  Depreciation. — Few  definite  data  on  the  actual  cost  ol 
manitenance  of  structures  is  available.  Such  costs  would  be  difficult  to  obttta 
for  smaller  structures.  In  some  systems  operation  and  maintenaiice  oOBli 
are  not  kept  separate;  in  others  all  maintenance  is  carried  in  a  single  aooomfc 
The  life  of  wood  structures  has  been  observed  under  different  conditions.  Hm' 
cost  of  maintenance  is  small  for  the  first  portion  of  the  life  of  wood  stmctuni 
and  increases  in  amount  until  replacement  is  warranted.  The  total  cost  of 
maintenance  during  the  life  of  such  structures  may  approach  the  first  cost  of 
the  structure.  With  concrete  structures  the  cost  of  maintenance  should  be 
small.  Such  maintenance  is  more  often  required  for  the  auxiliary  parts  of 
structures,  such  as  protection  to  the  adjacent  canal  and  repairs,  due  to  acci- 
dents rather  than  to  gradual  depreciation.  It  should  be  fairly  uniform  from 
year  to  year. 

The  total  life  of  structures  varies  with  the  type  and  the  conditions  of  use. 
Concrete  has  not  been  in  use  sufficiently  long  to  give  data  on  its  life.  Then  k 
always  a  certain  probability  of  failure  through  injury,  such  as  undeicuttiiifi 
removal  due  to  enlargement  of  the  systems,  or  replacement  with  a  diftant 
type  of  design. 

The  life  of  wood  structures  depends  on  the  character  of  their  constnictloB 
and  conditions  of  use.  Generally  structures  set  in  earth,  such  as  drops  and 
checks,  have  a  shorter  life  than  the  boxes  of  flumes  set  on  well  built  frcMitlM 
Where  the  operation  season  is  long,  so  that  structures  are  kept  wet  praetlciJIy 
throughout  the  year,  there  may  be  little  difference.  Records  of  wood  itme- 
tures  under  various  conditions  indicate  that  ordinary  turnouts,  dropi  ind 
checks  can  be  expected  to  have  a  useful  life  of  6  to  10  yeus  fbr  pine,  8  to  U 


IRRIGA  TION 


569 


years  for  fir,  and  10  to  20  years  for  redwood.  Under  favorable  conditions 
redwood  structures  have  considerably  exceeded  the  figrures  given.  For  well 
built  trestle  flumes,  the  useful  life  can  be  expected  to  be  8  to  14  years  for  pine, 
10  to  16  years  for  fir,  and  12  to  20  years  for  redwood.  Wood  pipe  under 
conditions  to  which  it  is  suited  should  have  a  us^ul  life  ^cceeding  these  figures. 

The  cost  of  replacing  structures  is  usually  greater  than  their  first  cost.  This 
Is  due  to  the  fact  that  the  excavation  will  be  more  largely  hand  work  and  to  the 
cost  of  tearing  out  the  old  structure. 

The  salvage  value  of  concrete  structures  is  usually  n^ligible;  the  lumber 
removed  from  old  structures  may  have  some  value  for  use  in  forms,  etc.,  being 
usually  greater  for  fiumes  than  for  structures  set  in  the  ground. 

Comparison  of  Coat  of  Wood  and  Concrete  Structures  on  Investment  Basis. — 
On  the  basis  of  the  average  figures  previously  developed,  comparisons  of  the 
cost  of  wood  and  concrete  structures  can  be  made.  This  has  been  Umited  to 
irops,  checks,  turnouts  and  culverts,  as  these  are  the  structures  occurring  in 
gnreatest  number  on  irrigation  systems  and  whose  design  and  construction 
can  be  most  closely  organized.  A  comparison  of  such  structures  as  high 
Qumes  will  involve  so  many  local  and  special  considerations  that  a  general 
comparison  would  be  of  little  value. 

The  capitalized  cost  can  be  taken  as  the  basis  of  comparison.  Table 
XXIII  has  been  worked  out  to  show  the  ratio  of  first  cost  at  which  the  capi- 
talized cost  will  be  equal  for  different  conditions. 

Interest  rates  of  6  and  8  per  cent  were  used.  Irrigation  district  bonds  gen- 
erally bear  6  per  cent ;  the  terms  of  sale,  however,  more  often  make  the  rate  on 
the  price  received  8  per  cent  or  higher.  Western  mortgage  rates  vary  from  6 
to  8  or  even  10  per  cent;  this  represents  the  value  of  money  to  stockholders 
in  mutual  companies  or  on  systems  where  improvements  are  paid  for  by  stock 
assessments. 

Different  lengths  of  life  for  the  structures  were  assumed.  The  annual 
maintenance  cost  is  estimated  as  a  i)ercentage  of  the  first  cost,  a  higher  rate 
being  used  where  the  life  of  the  wood  structure  was  relatively  short.  Main- 
tenance on  the  concrete  was  taken  as  zero.  Salvage  value  was  neglected ;  its 
amount  would  probably  be  less  than  the  error  involved  in  some  of  the  other 
assumptions. 


Table    XXIII.  —  Ratio  of  Total  First  Cost  op  Concrete  and  Wood 
Stbuctubes  at  Which  the  Capitalized  Cost  op  Service  Becomes  Equal. 
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Table  XXIII  shows  the  ratios  of  first  cost  at  which  the  capitalized  cost  d 
service  becomes  equal  for  these  assumed  conditions.  For  useful  livas  of 
30  and  10  years  for  concrete  and  wood  and  interest  at  6  pet  cent  and  annuid 
maintenance  on  the  wood  structure  of  5  per  cent,  a  concrete  structure  costing 
2.6  times  as  much  as  the  wooden  one  would  be  equal  in  capitalized  cost.  The 
ratios  are  higher  for  the  lower  rates  of  interest. 

Ratio  of  Coat  of  Structures  to  Total  Cost  of  Canal  System, — In  comparing  the 
relative  economy  of  different  types  of  structures,  the  proportion  of  the  total 
cost  of  the  canal  systems  which  consists  of  structures  must  be  known,  in  order 
that  the  proportion  in  which  the  total  construction  cost  will  be  increased  by 
different  types  of  structures  may  be  estimated.  In  some  of  the  Annual 
Reports  of  the  U.  S.  Reclamation  Service,  the  total  cost  of  structures  and 
excavation  is  stated  separately  for  some  of  the  projects.  "  From  these  and 
other  records  Table  XXIV  was  derived. 

Table  XXIV. — Usual  Cost  op  Structures  on  Canal  Ststbmb  Exprmsbv 

AS  Per  Cent  of  the  Total  Cost 

Regular  topography:  Main  canals         Laterals         Whole  i^QJaot 

Concrete  structures 10-20  25-40  20-^ 

Wood  structures 8-15  15-35  10-25 

Irregular  or  steep  topography: 

Concrete  structures 20-35  40-50  85-45 

Wood  structures 15-25  25-40  20-86 

The  use  of  concrete  structures  costing  twice  as  much  as  wood  will  incnaie 
the  total  cost  of  the  canal  system  by  from  15  to  30  per  cent  under  usual  condlr 
tions.  This  appUes  to  the  canal  system  structures  only  and  not  to  diyeraioii 
dams  or  to  such  conditions  as  side  hill  locations  requiring  bench  flumes  or 
lined  canals. 

Conclusions. — The  preceding  discussion  of  the  factors  involved  in  a  dioioe 
between  concrete  and  wood  for  irrigation  structures,  both  for  the  factors  for 
numerical  limits  have  been  given  and  also  for  those  not  capable  of  numerical 
expression  but  which  are  of  equal  or  greater  importance,  makes  it  evident 
that  no  general  conclusions  can  be  drawn  as  to  the  most  economical  type  o( 
construction.  For  any  particular  project  where  the  construction  costs  can 
be  estimated  and  the  other  factors,  such  as  financial  conditions  of  the  coo- 
structing  organization,  rate  of  Interest,  certainty  as  to  type  of  stmctura 
desired  and  permanence  of  its  location  can  be  given  proper  weight,  a  dedsiOD 
can  be  made.  Under  usual  conditions  concrete  will  be  the  preferable  matwial 
if  the  capitalized  cost  of  service  alone  Is  considered.  The  other  factors  am 
however,  more  usually  such  as  to  incline  the  choice  toward  wood  for  first  con- 
struction, except  for  the  larger  and  more  important  structures.  That  tbi 
capitalized  cost  is  being  given  more  consideration  and  that  many  systems  an 
reaching  a  condition  where  replacements  and  betterm^its  can  be  made  on  a 
more  permanent  basis  is  evidenced  by  the  increasing  use  of  concrete  in  irrigft' 
tion  structures. 

Life  of  Irrigation  Structures. — The  following  notes  are  taken  from  Harding's 
"  Operation  and  Maintenance  of  Irrigation  Systems." 

Life  of  Wood  Flumes. — The  life  of  wood  flumes  depends  on  the  kind  ol 
material  used,  conditions  of  use  and  character  of  construction.  As  these 
conditions  vary  on  different  systems,  the  life  of  wood  flumes  as  r^;x)rted  by 
different  users  varies  widely.  A  rigidly  built  flume  having  little  leakage  wHl 
outlast  one  less  strongly  built.    Poor  footings  which  settle  and  cause 
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will  shorten  the  life  of  a  flume.  The  thickness  of  the  flume  lining  also  afifects 
length  of  service.  Various  protective  coatings  or  even  lelining  the  flume 
box  are  used  to  increase  the  life. 

The  period  of  serviceable  life  which  can  be  expected  from  flumes  for  usual 
conditions  will  not  exceed  20  years  for  redwood  or  cedar,  12  to  16  years  for 
fir,  and  8  to  10  years  for  pine.  These  figures  apply  to  the  portions  of  the  flume 
not  in  contact  with  the  ground  and  are  as  long  a  Ufe  as  can  be  expected  under 
general  favorable  conditions.  Some  flumes  have  been  used  for  periods  longer 
than  those  given,  but  the  annual  cost  of  repairs  in  the  later  years  of  use  or  the 
uncertainty  of  service  will  generally  make  such  use  imdesirable.  The  life 
of  small  flumes  is  generally  less  than  that  of  large  ones  due  to  the  less  contin- 
uous use  of  many  flumes  on  sublaterals.  Flumes  used  intermittently  on 
farms  will  have  a  shorter  life  than  on  laterals  operated  continuously.  Bench 
flumes  or  flumes  set  in  contact  with  or  near  the  ground  usually  have  a  shorter 
life  than  well-built  higher  flumes.  For  unfavorable  conditions  the  life  of 
flumes  may  not  be  over  one-half  that  given.  Some  redwood  flumes  have  been 
in  use  for  25  years  in  CaUfomia,  the  relatively  long  operation  season  and  rains 
during  the  remainder  of  the  year  keeping  them  continuously  moist.  Others 
have  been  replaced  after  fifteen  years,  the  chief  diflBculty  being  with  the  rotting 
of  the  butt  joints  at  the  end  of  the  lining  plank  and  of  the  yokes  behind 
them.  Well-constructed  fir  fiumes  on  the  Hedge  canal  in  Montana  having 
3-inch  T  &  G  siding  were  replaced  in  12  to  14  years.  Small  pine  flumes  have 
not  lasted  over  4  or  5  years  in  some  cases. 

Life  of  Wood-stave  Pipe. — The  life  of  wood-stave  pipe  varies  more  widely 
than  that  of  wood  flumes  as  it  is  more  dependent  upon  the  conditions  of  ser- 
vice.    Under  favorable  conditions,  the  life  of  wood  pipe  should  exceed  that  of 

Table  XXV. — Life  op  Wood-stave  Pipe 

Average  life  in 
Kind  of  wood  Condition  of  use  years 

Fir Uncoated,  buried  in  tight  soil 20 

Fir Uncoated,  buried  in  loose  soil 4  to  7 

Fir Uncoated  in  air 12  to  20 

Redwood Uncoated,  buried  in  tight  soil,  loam  or 

sand  and  gravel over  25 

Fir Well-coated,  buried  in  tight  soil 25 

Fir Well-coated,  buried  in  loose  soil 15  to  20 

flumes;  under  unfavorable  conditions,  it  may  be  quite  short.  Wood  used 
in  pipes  comes  into  more  direct  comparison  with  other  materials  than  does 
wood  used  in  flumes  and  the  results  with  its  use  have  been  more  closely  ob- 
served. Table  XXV  prepared  by  Mr.  D.  C.  Henny  and  printed  in  the  Recla- 
mation Record  of  August,  1915,  summarizes  the  data  collected  from  a  large 
number  of  installations. 

The  following  general  conclusions  were  also  given: 

"(a)  Under  favorable  conditions  of  complete  saturation,  fir  well-coated 
may  have  the  same  life  as  redwood  uncoated. 

"(b)  Either  kind  of  pipe  will  have  a  longer  life  if  well-buried  in  tight  soil 
thai!  if  exposed  to  the  atmosphere.  Such  life  may  be  very  long,  30  years  or 
over,  if  a  high  steady  pressure  is  maintained. 

"  (c)  Either  kind  of  pipe  will  have  a  longer  life  if  exposed  to  the  atmosphere 
than  if  buried  in  open  soil,  such  as  sand  and  gravel  and  volcanic  ash,  provided 
in  a  hot  and  dry  climate  It  be  shaded  from  the  sun» 
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*'  (d)  Under  questionable  conditions,  such  as  light  pressure  or  partially 
filled  pipe,  fir  even  if  well-coated  may  have  only  one-third  to  one-half  the  life 
of  redwood. 

"  (e)  Under  light  pressure  the  use  of  bastard  staves  should  be  avoided. 

"  (/)  The  use  of  wooden  sleeves  in  connection  with  wire-wound  pipe  is 
objectionable  and  has  caused  endless  trouble  and  expense. 

"(g)  If  wooden  sleeves  are  employed  they  should  be  provided,  at  least  for 
sizes  from  10  inches  up,  with  individual  bands  to  permit  taking  up  leaks." 

These  results  indicate  the  importance  of  the  character  of  the  backfill.  If 
porous  soils  into  which  air  penetrates  easily  are  used,  the  benefits  of  covning 
are  lost,  with  the  added  disadvantage  that  inspection  cannot  be  readily  made. 
A  covering  of  heavy  soil,  3  to  4  feet  in  depth,  which  maintains  more  constant 
moisture  conditions  and  excludes  air,  gives  the  best  results.  The  pipe  should 
be  kept  full  of  water  if  a  long  life  is  to  be  secured.  The  upper  portions  of 
siphons,  which  may  be  only  partly  filled,  have  been  found  to  have  a  shorter 
life  than  the  parts  imder  greater  pressure.  The  water,  when  under  preesuie, 
maintains  a  more  uniform  condition  in  the  staves,  a  condition  also  msm 
easily  secured  if  the  thickness  of  the  staves  is  no  greater  than  required  for 
strength.  Cuts  from  the  butts  of  trees,  being  denser,  are  considered  to  have 
longer  life  than  top  cuts.  The  life  of  the  pipe  is  usually  determined  by  the 
life  of  the  staves.  Certain  chemical  conditions  in  the  soil,  such  as  the  preeeooe 
of  some  alkalis  or  of  acids  from  decaying  vegetation  may  result  in  a  shorter 
life  for  the  bands  than  for  the  staves.  For  such  locations  it  is  preferable  to 
place  the  pipe  above  ground  and  free  from  such  action. 

Wood  pipe  is  often  coated,  particularly  the  smaller  machine-banded  pipe. 
The  coating  on  these  is  applied  by  running  the  pipe  through  a  bath  of  wum 
asphaltum  pitch.  The  pipe  is  then  rolled  in  sawdust  to  preserve  the  outaido 
coating  and  make  handling  easier.  On  large  pipes  an  application  of  gas  tar 
followed  by  one  or  more  coats  of  refined  coal  tar,  is  often  used.  A  mixture  of 
asphaltum  and  tar  has  also  been  used.  These  are  appUed  to  the  finiahed  pipe 
before  it  is  put  under  pressure.  It  is  difficult  to  secure  adherence  to  wet  wood. 
particularly  with  oil  paints.  In  general  it  appears  that  the  use  of  a  coating  ia 
preferable  for  buried  pipe  in  dry  porous  soil  and  possibly  on  all  buried  pipoii 
although  the  added  benefit  may  be  small  for  pipe  buried  in  heavy  moist  aoOa 
free  from  vegetable  matter.  Above  ground  the  value  of  the  coating  is  more 
uncertain.  For  the  protection  of  the  bands  on  exposed  pipes  paints  similar  to 
those  used  on  structural  steel  may  be  used. 

Life  of  Wood  Strticturea. — The  conditions  of  use  for  the  usual  wood  stnictures 
are  not  as  favorable  as  for  wood  fiumes  or  pipes.  Parts  of  the  structure  may 
be  continuously  wet,  parts  alternately  wet  and  dry  and  parts  ccmtinuoualy  dry. 
The  cutofif  walls  and  other  substructure  may  outlast  one  or  more  renewals  of 
the  superstructure.  Heavy  well-built  structures  will  have  longer  life  than  U|^ 
ones  due  to  the  longer  time  required  to  cause  the  complete  decay  at  the  thidcer 
material  as  well  as  to  the  greater  resistance  to  injury  offered  by  the  straoger 
structures. 

Under  favorable  conditions  irrigation  structures  built  of  redwood  or  cedar 
may  have  a  useful  life  of  as  high  as  20  years;  for  aveage  conditioDs  the  average 
life  is  about  12  years  and  in  some  cases  as  low  as  8  years.  It  is  Icmgest  ha  tte 
larger  and  heavier  structures  such  as  have  been  used  on  some  of  the  euUer 
systems  in  California.  Some  of  these  have  actually  been  in  use  for  over  26 
years.  It  is  shortest  in  regions  of  high  temperature  where  the  wood  Is  botb 
damp  and  heated  at  depths  of  from  1  to  2^  'eet  below  the  surface.    At  loirar 
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lepths  the  heat  Is  not  sufficient  to  make  decay  as  rapid;  nearer  the  surface  the 
itructure  is  dryer.  Small  redwood  structures  have  required  replacement 
ifter  5  years  in  such  locations.  Structures  built  of  fir  have  a  life  varying 
rom  a  usual  maximum  of  15  years  to  a  usual  minimum  of  6  years  with  an 
ixpected  life  under  usual  conditions  of  8  to  10  years.  Where  pine  is  used, 
tructures  will  not  generally  last  over  10  years  and  may  not  last  over  5  years; 
mder  usual  conditions  a  life  of  6  to  8  years  is  to  be  expected.  Structures  will 
isually  have  a  longer  life  in  heavy  soils  than  in  those  in  which  the  air  has 
greater  access  such  as  sands  or  gravels. 

Life  of  Concrete  Structures. — Considered  as  a  material,  concrete  is  practically 
>ernianent.  There  has  been  some  injury  from  the  action  of  certain  forms  of 
kikali  but  the  injuries  to  concrete  structures  are  much  more  generally  those 
lue  to  undercutting  or  other  accidents  in  use  rather  than  to  any  disintegra- 
ion  of  failure  of  the  material  similar  to  the  failure  of  wood  structures  due  to 
lecay.  Concrete  has  not  been  in  use  in  irrigation  sufficiently  long  to  secure 
lata  on  its  rate  of  depreciation.  Depreciation  estimates  which  have  been 
ised  in  valuations  have  been  based  on  estimated  obsolescence  or  mechanical 
Qjury  rather  than  on  actual  deterioration  of  the  structure.  In  a  few  instances 
esurfacing  has  been  required;  such  cases  have  generally  been  due  to  lack  of 
'^re  in  the'original  construction  rather  than  to  actual  abrasion.  Structures, 
nich  as  linings  or  retaining  walls,  may  fail  due  to  excess  pressure  behind  them; 
iuch  failures  are  not  due  to  the  material  of  the  structure  itself  but  to  faults  in 
Irainage  or  design.  Winter  oi>eration  may  cause  injury  in  the  opening  of 
frozen  gates  or  in  the  breaking  of  side  walls. 

The  examples  of  injury  from  the  action  of  alkali  while  scattered  have  in 
some  cases  been  important.     There  is  still  need  for  further  knowledge  as  to 
the  details  of  such  action  and  the  methods  of  its  prevention.     Injury  is 
caused  by  the  seepage  into  the  concrete  of  alkali  water,  the  sulphates,  particu- 
larly magnesium  and  sodium  sulphate,  being  the  most  harmful.    With  some 
salts  no  harmful  action  may  occur.    The  best  remedy  is  prevention  which  can 
be  secured  most  practically  by  using  a  dense  well-mixed  and  faced  concrete 
which  reduces  the  absorption  of  the  alkali  water  to  a  minimum.     The  conclu- 
sions of  the  U.  S.  Bureau, of  Standards  based  on  the  observations  of  the  first 
year's  tests  with  concrete  drain  tile  exposed  to  alkali  in  a  number  of  localities 
&iethat  tile  not  leaner  than  a  1  to  3  mixture  are  apparently  unaffected  structur* 
%  when  exposed  for  1  year  in  operating  drains  in  very  concentrated  alkali 
soils.    Leaner  mixtures  are-not  generally  reconunended  although  in  some  cases 
tile  of  1  to  4  mixture  were  not  affected  at  the  end  of  1  year. 

To  overcome  or  reduce  the  effect  of  low  temperatures  on  concrete,  the 
surfaces  have  been  treated  with  waterproofing  solutions  on  the  Strawberry 
Mey  project.  This  was  applied  to  structures  on  which  surface  disintegration 
^  aheady  begun.  Vertical  surfaces  were  treated  with  alum  and  soap  solution 
*Q<i  horizontal  surfaces  with  parafflne.  The  surfaces  were  thoroughly  dried 
^d  deaned  before  treatment.  The  alum  solution  consisted  of  2  ounces  of 
*luni  to  1  gallon  of  hot  water.  The  soap  solution  consisted  of  ^  pound  of 
<^tile  soap  dissolved  in  1  gallon  of  hot  water.  The  alum  solution  was  applied 
*t  a  temperature  of  100°F.  and  worked  in  with  brushes,  the  soap  solution 
*^  similarly  applied  while  the  surface  was  still  moist.  In  some  cases 
*<lditional  coats  were  given.  One  gallon  of  alum  solution  and  H  gallon  of 
**P  sc^ution  were  sufficient  to  give  two  coats  to  50  square  feet.  The  cost  of 
treating  24,000  square  feet  varied  from  $0.41  to  SI. 28  per  100  square  feet  and 
^^vaged  S0.76.    Alum  costs  18  cents  and  soap  12M  cents  per  pound. 
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For  horizontal  surfaces,  the  parafidne  was  boiled  to  drive  off  water,  heated 
and  applied  with  a  paint  brush.  A  blow  torch  was  used  to  force  the  paraffine 
into  the  pores  by  its  heat.  The  concrete  would  absorb  only  one  coat  ci  such 
treatmeht.  On  4,000  square  feet  treated,  1  pound  of  parafflne  was  used  for 
11%  square  feet  of  surface.  The  cost  varied  from  $1.70  to  $3.78  per  100 
square  feet,  averaging  $2.11.  Parafflne  cost  $4.80  per  100  pounds.  Tbe 
surfaces  treated  have  shown  no  further  disintegration  after  going:  through  four 
winters. 

Concrete  pipe  has  been  used  very  extensively  on  a  number  of  systems 
during  the  past  10  years.  With  the  present  knowledge  of  its  constructicm 
and  use  there  should  be  little  difficulty  in  securing  well-made  pipe.  Such  pipe 
should  have  a  relatively  long  or  indefinite  life.  In  1907  the  Irrigation  Co.  of 
Pomona  relaid  a  line  of  8-inch  concrete  pipe  of  1  to  4  mixture  which  had  beeo 
laid  in  1888.  Only  7  per  cent,  of  the  joints  were  found  to  be  perfectly  sound, 
the  remainder  had  disintegrated.  General  maintenance  of  such  pipe  Uimb 
consists  of  draining  in  winter  and  the  sluicing  of  deposits  which  may  fonn. 
It  is  usual  for  such  pipe  lines  to  operate  at  higher  velocities  than  the  canali 
so  that  deposits  of  silt  or  sand  are  not  to  be  expected.  Such  deposits  nuy 
occur,  however,  at  the  lower  rates  of  discharge  which  may  be  used  at  the 
beginning  and  end  of  the  season.  Cracks  at  the  joints  due  to  the'expansian 
and  contraction  of  the  pipes  have  caused  trouble  in  some  cases  wbere  tbe 
range  of  temperature  is  large  or  the  covering  of  the  pipes  porous  or  thin.  A 
length  of  Ufe  of  30  to  40  years  has  been  used  in  valuations  of  concrete  pipe 
lines.  These  figures  are  largely  arbitrary,  however,  as  direct  ^cperienoe  faei 
not  extended  over  the  full  life  of  larger  concrete  pipe.  In  common  with  otber 
forms  of  permanent  materials,  replacements  may  be  more  often  needed  due  to 
changes  in  the  requirements  of  use  such  as  changes  in  location  or  capadty 
needed,  rather  than  due  to  actual  deterioration  of  the  material  itself. 

Life  of  Steel. — Steel  is  used  in  irrigation  practice  in  flumes,  in  pipes  and  in 
gates.  The  development  of  steel  flumes  has  occurred  within  the  past  16  yean. 
A  steel  flume  with  wood  supports  is  a  combination  type  of  structure.  The 
trestles  and  stringers  are  similar  to  those  used  with  wood  flumes  and  should 
have  a  useful  life  similar  to  that  of  the  same  kind  of  material  when  used  with 
wood  flumes.  Such  trestles  with  steel  flumes  may  have  a  longer  life  thia 
with  wood  flumes,  if  the  leakage  with  the  steel  flume  is  less.  The  useful  lllli 
of  steel  flumes  has  not  been  determined,  as  their  adoption  is  guite  recent 
Many  have  been  built  on  the  systems  of  the  U.  S.  Reclamation  Service.  Fron 
observations  on  the  Boise  project  it  was  reported  at  the  Conference  of  Open- 
ting  Engineers  in  1914,  that  "Of  the  flumes  built  in  1909  practically  all 
more  or  less  corroded.  Of  about  13  flumes  built  in  1910,  the  majority 
in  good  condition  but  one  was  considerably  corroded.  Of  about  21  flumes  buDt 
in  1011,  two  were  considerably  corroded.  Of  about  14  flumes  built  in  lOlSi 
two  were  seriously  corroded."  It  was  stated  that  there  was  no  decided 
difference  between  different  makes  of  flumes.  The  greatest  amount  of  cono' 
sion  and  rust  appeared  to  be  along  the  joints,  on  the  downstrram  side.  It 
was  recommended  that  the  bands,  channels  or  other  parts  forming  tbe  Jointi 
should  be  galvanized  as  well  as  the  sheet  metal  of  the  flume.  In  case  de- 
terioration appears,  painting  was  recommended.  In  an  article  in  the  RadA' 
mation  Record  for  November,  1916,  Mr.  F.  D.  Pyle  states  that  of  sevenl 
kinds  of  paint  tried  on  the  Uncompahgre  project  only  ooal  tar  and  otHl-tMt 
compound  paints  had  stood  one  season's  use  and  gave  indications  d^jtn' 
manence.    It  was  also  stated  that  the  indications  on  that  syston  wera  thet 
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protected  galvanized-steel  flumes  will  have  a  life  of  10  or  or  12  years  ex- 
)t  under  the  moat  trying  conditions,  i.e.,  high  velocity  of  water  carrying 
id  and  fine  gravel,  where  the  life  in  one  particular  instance  was  only  four 
son's  use. 

The  use  of  steel  and  iron  pipe  in  irrigation  has  generally  been  limited  to 
me  conditions  of  pressure  for  which  other  types  of  pipes  were  not  suited, 
eir  use  in  irrigation  has  not  been  sufficient  in  length  of  time  or  in  amount  to 
icate  their  probable  useful  life  for  such  purposes.  Data,  however,  are 
lilable  from  use  in  mining  and  power  service.  Thin  steel  pipes,  such  its 
inch  in  thickness,  are  used  in  the  smaller  sizes  for  the  lighter  pressures  in 
ae  distribution  systems,  particularly  with  pumping  plants.  These  should 
we  a  useful  life  of  15  to  25  years.  Heavier  pipe,  yi  inch  thick,  should  last 
to  50  years.  For  pipe  of  the  larger  sizes,  which  can  be  recoated  during  the 
rtion  of  the  year  when  they  are  not  in  use,  even  longer  life  may  be  secured. 
Due  to  the  thinness  of  the  pipe,  protective  coatings  are  relatively  more 
portant  on  steel  pipes  than  on  those  of  other  material.  The  more  generally 
id  coatings  consist  of  some  of  the  forms  of  tar  or  Asphalt  mixtures  applied 
i,  the  smaller  pipe  being  dipped  and  the  larger  ones  treated  in  the  field. 
e  San  Fernando  siphon  of  the  Los  Angeles  aqueduct  was  painted  inside  and 
;side  with  one  coat  of  water-gas  tar  and  two  coats  of  coal  tar.  One  gallon 
tar  covered  about  200  square  feet  of  pipe.  The  Spring  Valley  Water  Co. 
)  used  a  mixture  of  coal  tar  and  natural  crude  asphaltum,  using  1,400  pounds 
asphaltum  to  50  gallons  of  coal  tar.  Some  of  this  coating  has  been  in  use 
irly  50  years.  The  Pacific  Gas  &  Electric  Co.  uses  one  coat  of  Dixon's 
aphite  Paint,  inside  and  outside  on  unburied  pipe,  repainting  every  2  or  3 
XTs.  In  some  cases  steel  pipe  may  be  encased  in  concrete.  Where  steel 
)es  are  laid  in  alkali  soils  special  protection  may  be  needed.  Pipe  Ke  inch 
ck  has  in  some  cases  been  corroded  entirely  through  in  3  years  where  laid 
alkali  soil  in  the  California  oil  fields.  On  the  Uncompahgre  project  in 
>lorado  a  26-inch  siphon  was  built  in  1910  in  alkali  ground  for  which  ingot 
•n  pipe  was  used.  This  was  in  good  condition  after  4  years  use  although 
me  rusting  had  occurred. 

Cost  of  Reinforced  Concrete  Drops,  Canadian  Pacific  Ry.,  Irrigation  Pro- 
cts. — Robert  S.  Stockton  gives  the  following  data  in  Engineering  and  Con- 
acting,  April  14,  1915. 

On  the  Western  Section  of  the  Irrigation  Block  being  developed  by  the 
epartment  of  Natural  Resources  of  the  Canadian  Pacific  Railway  Co.,  some 
'  the  timber  structures  were  built  as  early  as  1905  and  have  had  eight  years 
I  the  ground.  Most  of  these  structures,  especially  the  highway  bridges  and 
ivision  gates,  are  good  for  a  number  of  years  yet,  but  some  of  the  drops,  of 
fhich  there  are  a  large  number,  are  beginning  to  develop  signs  of  weakness, 
Id  as  they  must  be  replaced  without  stopping  the  flow  of  water  during  the 
rrigation  season,  May  1  to  Oct.  1,  the  reconstruction  must  take  place  before 
>r  after  the  water  season,  or  during  that  time  by  diverting  the  water  around 
'he  stmcture  by  temporary  works. 

The  policy  of  the  company  has  been  to  replace  the  large  timber  structures 
^  they  approached  the  end  of  their  life  with  permanent  concrete  structures 
'^  approved  design.  The  program  of  betterments  for  1913  included  the  re- 
Wacement  of  the  large  timber  holdup  drop  known  as  drop  No.  2 A  in  the  Secon- 
'lary'A"  Canal,  Langdon  District,  S.  E.  \i  section  19-23-27.  The  new 
^•^^t.  drop  was  designed  to  be  built  of  reinforced  concrete  with  a  central  pier 
^^  two  openings  that  can  be  closed  with  stop  plank  5  ft.  9  ins.  long.     The 
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holdup  feature  of  this  drop  is  required  to  insure  the  delivery  of  water  to  "B" 
Distributary  in  Langdon  district,  which  takes  out  3  ft.  above  canal  grade. 
The  drop  is  designed  to  discharge  1,000  sec.  ft.  of  water  over  the  crest  whoi 
the  canal  carries  8  ft.  depth  of  water.  Previous  experience  indicated  the 
economy  of  diverting  the  water  and  building  the  drop  during  favorable 
weather.  The  construction  crew  was  moved  to  the  site  July  17  to  19  and 
began  the  work  of  excavating  the  by-pass  and  building  a  diverting  dam  in  ttaa 
canal.  The  by-pass  was  completed  July  29  and  the  work  of  tearing  out  the 
old  timber  drop  commenced.  The  old  structure  was  heavily  built,  having 
2.200  lin.  ft.  of  piling  and  54,243  ft.  B.  M.  of  lumber  incorporated  in  it. 
Certain  timbers  in  the  old  drop  proved  to  be  pretty  well  decayed,  particulaiiy 
above  the  water  line.  The  piling  behind  the  breast  wall  was  rotted  and  con- 
stituted the  Weakest  spot  in  the  structure. 

The  excavation  disclosed  4  ft.  of  soil  underlaid  by  a  compact  boulder  daj 
which  proved  to  be  quite  impervious,  and  after  the  footings  and  lower  OMicrete 
floor  was  in  place,  there  was  no  pumping  required. 

The  nearest  gravel  pit  was  about  15  mUes  distant  and  42  cu.  yds,  of  un- 
screened material  was  hauled  and  used.  The  pit  contains  good  sand  but  poor 
gravel,  and  when  the  cost  of  screening  was  added  and  quality  considered,  it 
was  thought  best  to  ship  the  larger  part  of  the  sand  and  gravel  to  BeniMtt 
Siding,  about  two  miles  from  the  work.  The  gravel  received  from  the  Cal- 
gary Sand  &  Gravel  Co.,  however,  had  some  oversize  that  was  picked  outiv 
hand.  The  steel  shipped  to  Bennett  Siding  was  mixed  up  with  steel  for 
Strathmore,  which  necessitated  a  team  haul  to  straighten  out. 

A  carload  of  lumber  was  delivered  at  Bennett  Siding  for  building  the  foiiiia> 
chute,  and  cement  shed,  and  1,421  F.B.M.  was  hauled  from  Dalroy  Water 
master's  Headquarters.  The  carpenters  started  building  forms  on  August  6 
and  the  cut-off  walls  were  poured  on  Aug.  27.  The  last  concrete  was  put  in  on 
Sept.  20. 

The  general  mixture  was  intended  to  be  1  sack  of  cement  to  2li  cu.  ft.  cC 
sand  and  5  cu.  ft.  of  gravel.  For  thin  walls  and  copings  a  mixture  of  1-2J4-4 
was  used,  and  for  the  lip  of  the  drop  2-2\i-b.  Since  948  sacks  of  cement  iiW0 
used,  the  average  was  4.74  sacks  per  cubic  yard  of  concrete.  The  concreto 
was  mixed  wet  enough  to  spade  and  was  spaded  so  as  to  require  little  patddo^ 
when  the  forms  were  removed.  The  concrete  appears  to  be  of  eioeitaii^ 
quality.  The  concrete  was  mixed  with  a  No.  1  Smith  Mixer  with  steam  engins* 
boiler  and  side  loader  mounted  on  steel  trucks. 

All  labor  was  paid  at  prevailing  rates,  stated  at  so  much  per  day  of  10  bom^ 
Every  rate  is  stated  in  full  and  so  carried  in  the  time  books  with  board  deduo^ 
tion  of  $5.50  per  week.  The  cost  of  team  feed  is  taken  at  90  cts.  per  da^ 
I)er  team  and  pro-rated  to  all  work  on  which  team  time  is  charged. 

The  wages  of  foreman,  bam  boss,  and  for  Sunday  time  of  teamsteri 
pro-rated  to  all  labor  items.  Two  rates  of  wages  were  paid,  as  It  has 
necessary  to  make  a  raise  at  harvest  time  to  hold  the  men;  evm  at  the  tt9-'^ 
creased  rate,  considerable  trouble  was  experienced,  as  farmers  were  tliB^* 
paying  about  S2.50  per  day  and  board.  The  wages  paid  were  as  foUoir^' 
Laborers  at  $2.50  to  $2.75  per  day  of  10  hours;  teamsters  at  $2.10  to  $2Jt6  V^^ 
day  of  10  hours,  and  including  Sundays;  carpenters  at  $3.50,  $4  and  $6  "•"•^■^'* 
and  foreman  at  $120  per  month. 

The  detailed  cost  records  follow: 
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Labob  Cobt — ^Dbop  No.  2A — ^Langdon  Dxstbict 


Labor 

re  cost 

camp  (16  miles) $      68. 00 

lip  camp  (for  24  men) 19.  55 

cpenses 7.00 

supplies 159.  30 

>f  bv-pass  (Clayloom) 210. 00 

>f  old  drop 1,250.00 

1  of  old  drop 126.80 

;  cement  shed 8.  96 

;  chute  in  by-pass 34.  00 

lumber  (2  miles) 46.60 

[2  nules) 4.10 

at  (2  miles) 40.00 

1  (2  miles) 162.90 

(2  miles) 72.00 

sind  gravel  (15  mi.) 88.  60 

and  pump  (21  mi.) 29.  30 

S  water 13.10 

;  forms 591 .  00 

and  placing  steel  and  wire 

110.65 

1  placing  concrete 336. 10 

1  of  forms 51 .  25 

ng  by-pass 143. 40 

ng  drop 375.  70 

1  of  chute 6.  88 

to  bank 106.88 

K)bank 30.10 

J  up,  etc 13.  72 

al  labor  cost $4 ,  105.  89 


Unit 
cost 


Quantity  and  unit 


$  0. 139 

1,507 

cu.  yds. 

0.636 

1.967 

cu.  yds. 

2.338 

64. 

243  M.  ft.  B. 

M 

8.070 

1. 

112  M.  ft.  B. 

M 

33.660 

1. 

010  M.  ft.  B. 

M 

1.987 

23. 

438  M.  ft.  B. 

M 

0.031 

129. 

96  cwt. 

0.042 

948. 

00. 

cwt. 

0.975 

167 

cu.  yds. 

1.060 

68 

cu.  yds. 

2.685 

33 

cu.  yds. 

' "  6!  ioo 

5.929 

sq.  ft. 

0.851 

129. 

96 

cwt. 

1.680 

200.00 

cu.  yds. 
sq.  ft. 

0.009 

5.929 

0.090 

1.600 

cu.  yds. 

0.237 

1.588 

cu.  yds. 
M.  ft.  B. 

6.812 

1,010 

M. 

0.822 

130 

cu.  yds. 

1.027 

29. 

3 

cu.  yds. 

Includes  team  feed. 


Material  Cost — Dbop  2A  — Lanqdon  District 


re  Quantity 
;ing  steel. .  11.921  lbs. 

jric 1 ,  075  8.  f . 

237  bbls. 

167  yds. 

68  yds. 

23.438ft.  B.M. 

pairs,  etc . . 


Cost 
229. 72 

22.84 
482.86 
183. 70 

74.80 
323.94 

44.35 


Freight 
$  60.55 

6.73 
45.75 
61.30 
25.10 
54.80 


Total  cost 
$     290. 27 

29.57 
528.  61 
245.00 

99.90 
290. 13* 

44.35 


Unit 

cost 

0.024 

027 
230 
467 
469 


12.380 


material  cost «1 ,362.  21  $254.  23  $1,527.83       

bor  cost,  including  team  feed $4 ,  105.  89 

laterial  cost 1 .  527.  83 

ation    on     concrete     mixer,     pump,     wagons, 

«8,  horses,  etc $302. 44 

ation  on  camp  equipment 42. 45 

344.89 

ul  expense    of   superintendence,    engineering,    office   work, 
nting,  etc 


938.00 


$6,916.61 


BS.61  salvage  value. 
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Summarizing  we  get  the  following  costs  per  cubic  yard  of  concrete: 

Item  Per  cu.  yd. 

Materials $2. 03 

Labor 0. 41 

Total . .  * $2.44 

Concrete. — The  concrete  was  a  cement,  sand  and  gravel  mixture  of  1.24  bbls. 
cement  and  1.28  cu.  yds.  of  sand  and  gravel  per  cubic  yard  of  concrete  in 
place.    The  cost  of  82^  bbls.  of  cement  on  the  ground  was  as  follows: 

Item  Ckwt 

65  bbls.  Calton  at  $3.80  on  cars  Calexico $247. 00 

17H  bbls.  Alsen  at  $4.98  on  cars  Calexico 87.  16 

Store  department  charge 33.  42 

Loading 1.  50 

Hauling 47. 00 

Total  cost  on  ground $416. 07 

This  is  a  cost  for  cement  of  $5.04  per  barrel  on  the  ground  and  of  $6.26  per 
cubic  yard  of  concrete  in  the  structure. 

There  were  used  79.07  cu.  yds.  of  gravel  and  6  cu.  yds  of  sand  at  the  follow- 
ing cost: 

Item  Cost 

44. 85  cu.  yds.  Andrade  gravel  at  $2.95 $132. 31 

30. 46  cu.  yds.  Frink  gravel  at  $3.11 94. 80 

3.  76  cu.  yds.  Mammoth  gravel  at  $2.91 10. 94 

6  cu.  yds.  Whitewater  sand  at  $2.17 13. 02 

Total  on  cars  at  Calexico $251. 07 

Store  department  charge . . .  ^. $  25. 10 

Loading 8. 00 

Hauhng , 140. 00 

Total  sand  and  gravel  on  ground $424. 17 

The  average  cost  of  sand  and  gravel  on  cars  at  Calexico  was  $2.95  per  cubic 
yard.  Hauling  cost  $1.65  per  cubic  yard  and  the  other  charges  noted  brought 
the  cost  per  cubic  yard  on  the  ground  up  to  $4.98.  The  cost  per  cubic  yard 
of  concrete  in  the  structure  was  $6.37.  The  concrete  was  mixed  by  hand  in 
^^  cu.  yd.  batches,  wheeled  in  barrows  and  rammed  in  place.  The  labor  cost 
for  mixing  and  placing  was  $171.09  or  $2.57  per  cubic  yard  of  concrete.  Sum- 
marizing we  have  the  following  costs  for  concrete  in  place: 

Item  Total  Per  cu.  yd. 

Cement $     416.07        $6.26 

Sand  and  gravel 424. 17  6.  37 

Labor  mixing  and  placing 171. 09  2.  57 

Totals $1,011.33         $15.20 

Backfilling  and  Puddling. — The  cost  of  backfilling  and  puddling  trench  as 
described  above  was  as  follows: 

Item  Total 

Men $32. 97 

Fresno  team 2. 25 

Total $35. 22 

This  is  a  charge  of  53  cts.  per  cubic  yard  of  concrete. 
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OaU»  and  OaU  JAftert. — The  cost  of  materials  and  labor  for  six  gates  and 
lifting  apparatus  was  as  follows: 

Per 
Item  Total         gate 

410  ft.  B.  M.  redwood  at  $40 $  16. 40     $  2. 73 

82  ft.  2K  X  3-in.  angle  at  4  cts.  lb 20. 80  \ 

Bolts 3.43/      4.04 

6  lifter  sets  at  $20.31 121.86     

6  c.  i.  pedestals  at  $4.34 26. 04     

11  30-m.  sections  c.  i.  rack  at  $1.35  14 .  85     


Total $162.  75  $27. 12 

Grand  total  material $203.  38  $33. 89 

Store  department  charge 20. 33  

Hauling 10.00  

Total  material  on  ground $233.  71     $38. 95 

Labor  6  gates  at  $2.11 12.  70     

Total  gates  in  place / $246. 41     $41. 07 

Oeneral  Labor. — The  charges  for  general  labor  was  one-third  of  foreman's 
time  at  $135  per  month;  one-third  of  time  keeper's  time  at  $2.50  per  day. 
The  amounts  were: 

Foreman $57.  35 

Timekeeper 16.  60 

Total $73. 95 

Engineering. — Engineering  included  office  work,  drafting  and  paper  and  field 
work  inspection  and  staking  our  structure.     The  charges  were: 

Office  work $  47.  30 

Pleld  work 68.  80 


• 


Total $116.  60 

This  is  a  cost  of  $1.74  per  cubic  yard  of  concrete. 

Recapitulation. — From  the  above  figures  we  get  the  following  summaries 

of  costs: 

Per  cu.  yd. 
Item  Total  concrete 

Development  work $        6.61  $0.9094 

Excavation 160.00  2.4100 

Concrete  work 1 ,485.  98  22.  3400 

Backfilling 35.22  0.5300 

Gates,  etc 246.41  3.7000 

General  labor 73. 95  1. 1120 

Engineering 116.10  1.7400 

Total $2,124.27       $31.94 

Sununarized  by  the  items,  labor,  materials  and  engineering  the  cost  per 
cubic  yard  was  as  follows: 

Item  Per  cu.  yd.  Pet. 

Labor $10.29  32.22 

Materials 19. 91  62. 32 

Engineering 1.74  5.46 

Total $31.94  100.00 
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Summarizing  we  get  the  following  costs  per  cubic  yard  of  concrete: 

Item  Per  cu.  yd. 

Materials $2. 03 

Labor 0. 41 

Total..*. $2.44 

Concrete. — The  concrete  was  a  cement,  sand  and  gravel  mixture  of  1.24  bbb. 
cement  and  1.28  cu.  yds.  of  sand  and  gravel  per  cubic  yard  of  ooncrete  in 
place.    The  cost  of  82^  bbls.  of  cement  on  the  ground  was  as  fcdlows: 

Item  Cost 

65  bbls.  Calton  at  $3.80  on  cars  Calexico $247. 00 

17H  bbls.  Alsen  at  $4.98  on  cars  Calexico 87. 15 

Store  department  charge 33. 43 

Loading 1. 50 

Hauling 47.00 

Total  cost  on  ground $416. 07 

This  is  a  cost  for  cement  of  $5.04  i>er  barrel  on  the  ground  and  of  $6.26  per 
cubic  yard  of  concrete  in  the  structure. 

There  were  used  79.07  cu.  yds.  of  gravel  and  6  cu.  yds  of  sand  at  the  follow- 
ing cost : 

Item  CoBt 

44. 85  cu.  yds.  Andrade  gravel  at  $2.95 $132. 31 

30. 46  cu.  yds.  Frink  gravel  at  $3.11 94.80 

3. 76  cu.  yds.  Mammoth  gravel  at  $2.91 10.04 

6  cu.  yds.  Whitewater  sand  at  $2.17 13.  OS 

Total  on  cars  at  Calexico $261.07 

Store  department  charge . . .  « $  26. 10 

Loading 8.00 

HauUng , 140.  (ID 

Total  sand  and  gravel  on  ground $424. 17 

The  average  cost  of  sand  and  gravel  on  cars  at  Calexico  was  $2.05  per  cuUo 
yard.  Hauling  cost  $1.65  per  cubic  yard  and  the  other  charges  noted  brought 
the  cost  per  cubic  yard  on  the  ground  up  to  $4.98.  The  cost  per  cubic  yaid 
of  concrete  in  the  structure  was  $6.37.  The  concrete  was  mixed  by  hand  to 
^i  cu.  yd.  batches,  wheeled  in  barrows  and  rammed  in  place.  The  labor  ooit 
for  mixing  and  placing  was  $17 1 .09  or  $2.57  per  cubic  yard  of  concrete.  Suibk 
marizing  we  have  the  following  costs  for  concrete  in  place: 

Item  Total  Per  en.  y4. 

Cement $    416.07         $6.2$ 

Sand  and  gravel 424. 17  6. 37 

Labor  mixing  and  placing 171. 00  2. 67 

Totals $1,011.33         $15.20 

Backfilling  and  Puddling. — The  cost  of  backfilling  and  puddling  treildl  10 
described  above  was  as  follows: 

Item  Total 

Men $32.  $£ 

Fresno  team 2. 


Total $85. 

This  is  a  charge  of  53  cts.  per  cubic  yard  of  concrete. 
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OaU»  and  OaU  LifUr; — ^Tbe  cost  of  materials  and  labor  for  aix  gates  and 
ifting  apparatus  was  as  foUows: 

Per 

Item  Total        tate 

10  ft.  B.  M.  redwood  at  $iO $  16. 40    $  2. 73 

12  ft.  2H  X  34n.  angle  at  4  cts.  lb 20. 80  \ 

iol*» 3 .  43  /     4 .  04 

i  lifter  sets  at  $20.31 121.86     

>  c.  i.  j;>ede8tals  at  $4.34 26. 04     

1  30-m.  sectiona  c  i.  rack  at  $1.36  14 .85     


Total $162. 76  $27. 12 

Grand  total  material $203. 38  $33. 89 

(tore  department  charge 20. 33     

iauling 10.00     

Total  material  on  ground $233. 71  $38. 06 

4tbor  6  gates  at  $2.11 12.70     


Total  gates  in  place / $246.41    $41.07 

Oeneral  Labor. — The  charges  for  general  labor  was  one-third  of  foreman's 
ime  at  $136  per  month;  one-third  of  time  keeper's  time  at  $2.60  per  day. 
The  amounts  were: 

Foreman $67. 36 

rimekeeper 16.60 

Total $78 .  96 

Mnotneering. — ^Engineering  included  office  work,  drafting  and  paper  and  field 
woik  inspection  and  staking  our  structure.    The  charges  were: 

Wfice  work $  47.  30 

ReW  work 68.  80 

Total $116. 60 

This  is  a  cost  of  $1.74  per  cubic  yard  of  concrete. 

ieeapUulation. — From  the  above  figures  we  get  the  following  summaries 

^^  costs: 

-  Per  cu.  yd. 

^tem  Total  concrete 

Jwdopment  work $        6.61  $0.9094 

5»avation 160.00  2.4100 

S^ncretework 1,485.98  22.3400 

JwkfilUng 35.22  0.5300 

S»t«8.etc 246.41  3.7000 

S«neral  labor 73.95  1.1120 

'•neneering 116.10  1.7400 

Total $2,124.27       $31.94 

Summarized  by  the  items,  labor,  materials  and  engineering  the  cost  per 
^blc  yard  was  as  foUows: 

Item  Per  cu.  yd.  Pet. 

febor $10.29  32.22 

gfteriab 19. 91  62. 32 

%aeeriag 1.74  5.46 

Totsl $31.94  100.00 
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Costs  of  Irrigation  Construction  on  the  Rock  Creek  Conservation  Co.*t 
Project  at  Rock  River,  Wyoming. — W.  D'Rohan,  In  Engineering  and  Con- 
tracting, Dec.  27,  1911,  gives  the  following: 

All  the  canals  and  laterals  were  taken  out  by  contract  to  a  uniform  section 
of  8  ft.  bottom  and  1  to  1  slopes,  at  an  average  price  of  17  cts.  per  yard,  they 
are  all  in  cut,  with  an  average  depth  of  4^i  ft. 

Owing  to  the  wide  extent  of  the  project,  the  long  moves  over  rough  roads 
would  soon  wreck  any  machinery,  so  the  management  decided  that  it  would 
be  more  Economical  to  mix  all  the  concrete  by  hand,  and  over  3,000  cu.  yds. 
were  mixed  and  placed  in  this  manner.  Gravel  was  obtained  from  the  creek, 
and  was  hauled  to  the  various  points  by  contract  at  $6.70  per  yard.  The  con- 
tractor had  to  screen  it  as  well.  For  this,  he  built  a  trap  18  ft.  high,  with  a 
10-ft.  chute,  in  the  bottom  of  which  was  placed  the  screen;  the  gn*avel  was 
taken  out  of  the  creek  bed  with  wheelers,  carried  up  the  inclined  run  and 
dumped  into  the  trap  from  which  it  ran  down  the  screen  into  the  wagcMis. 
Sand  was  shipped  from  Laramie  at  40  cts.  per  ton,  freight  $1,  and  hauling  on 
the  job  $1.80  per  ton.  Ideal  cement  cost  $2.20  per  bbl.  laid  down  and  was 
hauled  by  company  teams  on  the  work.  Lumber  for  forms  cost  $22  per  1,000 
ft.  and  was  used  four  times. 

Headgate. — The  top  slab  of  the  gate  over  which  is  a  wagon  road  was  rein- 
forced with  1.^-in.  rods  spaced  8  ins.  apart,  while  plums  were  used  in  the  heav- 
ier parts  of  the  walls.  The  mix  used  throughout  was  1:2^:5  for  plain  con- 
crete, and  1:2:4  for  reinforced.  The  cost  of  the  headgate  was  distributed  as 
follows,  for  111.7  cu.  yds.  of  concrete: 


Excavation:  Total      Per  cu.  3rd. 

Item 

276  hrs.  laborers  at  25  cts $       69. 00         

15  hrs.  teams  at  50  cts 7. 60         

50  hrs.  foreman  at  35  cts 17.  50         

Total  excavation $      94. 00         %  OM 

133  bbls.  cement  at  $2.20 $     279.  30 

5,000  ft.  lumber  at  $22  per  M 27.  50* 

46  cu.  yds.  sand  at  $4.80 220. 80 

60  cu.  yds.  gravel  at  $6.70 402. 00 

48  cu.  yds.  "plums"  at  $1 48.00 

160  lbs.  steel  rods  at  2  cts 3.  20 

Water  and  hauling  cement 26. 00 

Total  materials $1 ,006. 80         $  9.00 

Labor: 

540  hrs.  mixing  and  placing  at  25  cts $     136. 00         

160  hrs.  carpenters  at  40  cts 64. 00         

90  hrs.  helpers  at  27.5  cts 24.  76         

80  hrs.  foreman  at  40  cts 32. 00         

Total  labor $    265. 76         $  2.29 

Grand  total $1,366.66         $12.18 


♦  Lumber  used  four  times. 
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fi>3 


fS 


Total 

ira.lBborereataScW ..  »67.fl0 

n.  foreman  lit  30  eta B.OO 

Total  ficavBtion (76..50 

Ut.  B.M.  lumber  st  »Z2  per  M »  13.75■ 
l.  yds.  sand  at  »4.80 153.60 

>cki  cement  at  12.10  per  bbl 166.42 

u  jdi.  gravel  at  »e 210.00 

LydB.  "ptuinB"at  Jl 25.00 

(56S.77 
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ToUl 

.  miiiac  and  pUein«  at  26  eta •  78.TG 

carpenten  at  10  ota ZB.  20 

belpen  at  Z7.5  eta 24. 12 

winog  forma  at  2G  Dta 5.00 

[  wroent.  water,  eto 6.60 

tal  labor  11*6.47 

lod  total $791.7* 


Open  CAula. — The  opett  diute,  sbown  Iff 
Fie.  13.  Is  207  ft.  long.  It  la  built  of  iriD- 
forced  concrete  S  Ins,  tblck.  the  bottom  bdniS 
ft,  wide  with  sides  IS  In*,  high  on  a  l  to  1  alope, 
and  ia  on  a  6  per  cent  grad«.  The  water  tram 
it  la  discharged  into  »  chajnber,  from  irhkb  It 
Is  carried  under  tba  Tsilroad  tracks  by  a  5*^ 
cast  iron  pipe  with  a  tall  of  3.0e  tt.  In  ton. 
It  dlacharEea  into  a  cushion,  26  tt.  long,  ai 
ft.  deep  belon  the  ditch  bottom,  the  uppn  part 
having  sides  sloidng  to  conform  vrlth  the  ibafa 
of  the  ditch:  500  tt.  of  4-lii.  tile  drain  pipe 
12  ins.  underneath  the  concrete  takes  cai 
the  seepage  water.  The  coet  of  the  chute  ud 
crossing  was  as  foUowa,  not  Including  the  call 
iron  pipe  which  I  was  unable  to  obtain.  Ttat 
lodudes  chute,  railroad  rrtrnijnr  and 
(t.  of  ditch  and  coat  aa  tollowi: 

Totd 

ni<.ot 

Wl.ll 

38.n 


The  coat  of  the  cbute  proper  not  including  the  ci 


Total 

Materiala; 

513  cu.  yds.  sand  at  t4.80 t  346. 2* 

77.  7cu.  yds.  erayel  at  »8 468. 1» 

24.9  cu.  yds.  "plumB"  at  tl Z4.90 

ma  eaclu  cement  at  12. 10  per  bbl Se6.  *6 

4.00aft.  B.M.  lumbHBtmper  M 32.00 

>i-in.  steel  TDdB,  12  iM.  on  centers,  at  2>S  cts 378. 1» 

Total  materialH 11. 422.  ST 

Labor  miiine  and  pUcioK  concrete t    B17.10 

Grand  total 61,7*0.07 

The  Int^ie  and  outlet  atTuctures,  contaiDcd  130.3  cu.  yda.  Of  oonon 
was  placed  tor  610.42  per  cubic  yard.  The  chute  and  rallnad  aroai 
put  In  according  to  plana  made  by  the  Union  Pacific  R.  R.  Co. 

Coiterett  Pipt. — About  one  mile  from  the  railroad  od  n 
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>  put  In  concrete  iiipe  instead  of  the  open  chute;  288  ft.  of  Ml  pipe 
.  The  mix  used  was  1:2: 3  and  was  reinforced  with  ordinaiytMtfbed 
igs  being  used  to  each  pipe.  The  concrete  was  placed  very  wet  and 
[>  stay  overnight  in  the  forms  which  were  painted  with  crude  oil 
iry  setting.    The  cost  of  the  pipe  making  and  laying  was: 

kking:  Coat 

dzing  and  placing  in  forms  at  25  ets 1202. 60 

tm  hauling  water  at  50  cts 25. 00 

>reman  oifing  and  setting  forms  at  30  ota 47. 40 

«274.90 

Is: 

cement  at  $2.20  per  bbl $121. 00 

.  sand  at  $4.80 158.40 

10.00 

re 10.50 

materials $290. 90 

pipe $674 .  80 

Ives  for  288  ft.  of  pipe  a  cost  of  practically  $2  per  lineal  foot. — 

t  of  laying  pipe  was  as  follows: 

borers  at  25  cts. $73. 00 

eman  at  30  cts 13. 60 

$86.60 

ves  for  288  ft.  a  cost  for  laying  of  30  cts.  per  lineal  foot. — ^Editors.) 
avation  and  backfilling  of  the  trench  was  done  with  slip  scrapers  at  a 
lows: 

Cost 

ams  at  50  cts $110. 00 

borers  at  25  cts 40. 00 

2man  at  35  cts 26. 10 

$176. 10 

kke  of  the  pipe  chute  consists  of  a  well  8  ft.  deep  by  7  ft.  wide,  the 
ft.  acts  as  a  cushion,  thus  giving  the  pipe  an  effective  head  of  6  ft. 
iischarges  into  a  concrete  basin  so  built  that  the  top  of  the  pipe  is 
the  bottom  of  the  ditch  which  takes  out  almost  at  right  angles  to  the 
le  two  structures  contain  118.5  yards  of  concrete  and  cost  $14.10 

Drops. — Owing  to  the  difficulty  of  obtaining  sand,  it  was  impossible 
te  the  concrete  structures  in  time  for  the  irrigation  season,  so, 
wooden  drops  had  to  be  put  in.    The  drops  are  very  effective, 
f  an  8-ft.  drop  was: 

s:  Cost 

.M.  lumber  at  $22  per  M $  88. 00 

8  at  5  cts 1 .  75 

materials $  89. 75 

penters  at  40  cts $  16. 80 

yt  excavating  at  25  cts 22. 50 

ms  at  50  cts 10- 00 

labor $  49. 30 

total $139.05 
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Flashboards. — ^All  of  the  ditches  being  in  cut  makes  it  necessary  to  plaoe 
diversion  gates  in  the  channel  in  order  to  divert  a  sufficient  head  into  the 
laterals.  For  this  purpose,  large  steel  overflow  gates  are  provided.  Owing 
to  the  want  of  sand  however  thay  could  not  be  placed  in  time,  and  temporaiy 
flashboards  which  contain  250  ft.  B.  M.  of  liuuber  and  cost  $7.76  to  build 
were  used. 

Siphon  Construction. — The  intake  and  the  outlet  of  the  siphon  ditch  which 
takes  out  of  the  Rosier  Canal  are  two  massive  reinforced  concrete  structures. 
The  floor  of  the  intake,  is  7  ft.  thick  reinforced  top  and  bottom,  with  1  in. 
corrugated  bars  spaced  12  ins.  apart.  The  walls  are  15  ins.  thick  reinforoed 
with  >2-in.  ami  ^4-in.  rods  front  and  back,  spaced  12  ins.  and  are  strong 
buttressed.  The  structure  contains  394  cu.  yds.  of  concrete,  and  26,627  lbs. 
of  steel.  The  concrete  cost  $15.88,  and  forms  and  placing  steel  73^  cts.  per 
cubic  yard.  The  gates  are  of  the  Western  type,  and  cost  $500,  and  the  whole 
structure  cost  $7,249.97. 

The  outlet  of  the  siphon  is  a  triangular  shaped  chamber  with  200  sq.  ft.  d 
floor  space;  the  east  and  west  outlets  taking  out  at  the  lower  comers.  The 
floor  is  3  ft.  thick,  reinforced  with  ^i  in.  and  ^  in.  rods  spaced  10  ins.  The 
outlets  are  controlled  by  overflow  diversion  gates  with  three  openings 
each  4  X  5  ft.  The  structure  contains  367  cu.  yds.  of  concrete,  and 
17,727  lbs.  of  steel  and  without  the  gates  cost  $5,879.07.  Forms  and 
steel  placing  cost  86  cts.  per  cu.  yd.  and  the  concrete  $16.01  i)er  cu.  yd. 

The  54-in.  wood  pipe  inverted  siphon  is  4,939  ft.  long,  and  is  built  of  Oregon 
fir.  The  staves  are  1%  ins.  tluck  and  kiln  dried.  The  shoes  are  of  the  Alien 
patent  of  cast  iron,  and  the  bolts  }4  in.  thick  are  of  mild  steel,  and  50,000  lbs. 
tensile  strength.  At  the  intake  and  the  outlet,  and  also  under  the  track,  the 
wood  pipe  laps  over  a  60-in.  cast  iron  pipe,  the  joint  being  made  by  lapping 
the  iron  pipe  with  tarred  oakum  rope. 

All  of  the  pipe  forms,  and  the  welding  of  the  bands  for  the  swelled  Jointi 
were  made  on  the  works,  the  slotting  of  the  staves  which  is  usually  done  at  the 
factory  was  also  done  here.  The  bands  were  painted  with  asphaltum  on  the 
pipe.  The  tarred  rope  did  not  make  a  successful  joint  as  the  tar  prevented  the 
rope  from  absorbing  water  and  swelling;  so  a  concrete  collar  was  put  around 
the  joint,  an  open  space  2  X  12  ins.  being  left  on  the  top  of  the  pipe,  this  wii 
afterwards  plugged  with  oakum.  The  costs  of  the  pipe  were  distributed 
as  follows: 


Slotting  staves: 

970  hrs.  laborers  at  27\i  cts $     266.7* 

260  hrs.  foreman  at  30  cts 78.00 

Total $    344.75 

Making  Pipe  Forms,  Bells  and  Sills: 

140  hrs.  carpenter  at  40  cts $      66. 00 

20  hrs.  blacksmith  at  25  cts 6.00 

^^^•^^.^^^•^^ 

Total $      61.00 

Welding  bands: 

50  hrs.  blacksmith  at  30  cts $       16.00 

Laying  pipe,  cinching  bands,  painting  bands: 

7,932  hrs.  laborers  at  25  cts $1 ,988.00 

207  hrs.  foremen  at  30  cts 68.  lO 

541  hrs.  foreman  at  35  cts 180.85 

Total $2,284.45 
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Materiftls  used: 

'63,000  ft.  B.M.  lumber  at  $31 $5,053. 00 

Bands 3,188.06 

Shoes 605. 20 

Vsphaltum 10. 00 

splines 196. 00 

)akum  for  iron  pipe  joints 20. 00 

Vf  anhole 56. 30 

Total $9 ,  128.  56 

Hauling  cost  (distance  2  miles): 

number $     489. 00 

Jands 162.  75 

Ihoes 60. 00 

>pline8 4. 50 

Total $     716. 26 

Back  filling  of  pipe  line: 

,101  hrs.  teams  at  50  cts $     550.  50 

90  hrs.  laborers  at  25  cts 197.  50 

17  hrs.  foreman  at  35  cts 75. 95 

Estimated  to  complete  backfilling 150. 00 

Total $     973. 95 

That  is  4,939  ft.  of  pipe  cost  $13,473.96,  or  $2.70  per  foot,  without  the 
xcavation.  The  pipe  was  laid  under  a  maximum  head  of  75  ft.,  the  bands 
ost  roughly  about  42  cts.  each,  the  shoes  8  cts.  each. 

Cost  of  Spray  Irrigation. — The  following  is  an  abstract  in  Engineering 
nd  Contracting,  March  14,  1917,  of  a  bulletin  on  Spray  Irrigation  issued  by 
he  U.  S.  Dept.  of  Agriculture: 

Economic  Conditions  Justifying  Spray  Irrigation. — Tho  cost  of  spray- 
rrigation  systems  depends  upon  the  type  installed  as  well  as  upon  conditions 
)eculiar  to  each  form.  A  portable  outfit  may  cost  as  little  as  $50  per  acre  for 
he  field  equipment,  while  a  stationary  distribution  system  may  cost  as  much 
\a  $150  per  acre.  To  these  figuras  must  be  added  the  cost  of  a  main  pipe  line 
eading  from  the  water  supply  to  the  fields  and  usually  the  cost  of  developing 
Et  water  supply  and  installing  a  pumping  plant.  These  additional  items  may 
being  the  total  outlay  per  acre  up  to  two  or  three  times  the  cost  of  the  distribu- 
tion system,  especially  on  small  acreage.  Assuming  a  cost  of  $250  per  acre 
on  a  stationary  plant  for  a  small  acreage,  the  farmer  should  be  able  to  increase 
his  annual  returns  from  each  acre  to  cover  approximately  the  following 
charges: 

6  per  cent  interest  on  $250 $15. 00 

5  per  cent  depreciation  on  equipment 12.  50 

2  per  cent  maintenance  and  repairs 5. 00 

Cost  of  fuel  and  oil  at  4  cts.  per  1,000  gal.  of  water  pumped  for  6  acre- 
inches  *6. 50 

^or  in  irrigating,  1  man  6  days  at  $2 12. 00 

Total  overhead  and  operating  expenses $51 .  00 

*Co8t  of  pumping  estimated  for  a  plant  operating  at  50  per  cent  efficiency 
*8ain8t  a  total  head  of  150  ft.,  using  gasoline  as  fuel.  The  amount  of  water 
Pttmpc^l  annually  is  assumed  at  6  acre-inches  as  a  typical  duty  of  water  in  the 
Atlantic  Coast  States  where  spray  irrigation  is  most  extensively  used.  More  arid 
■^ctiona  require  larger  amounts. 

U  will  be  noted  that  $51  per  acre  per  year  is  necessary  in  returns  to  cover 
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overhead  and  operating  expense  incidental  to  the  spray  ssrstem.  To  realiie 
a  fair  profit  from  the  irrigation  plant,  the  crops  must  increase  in  value  some- 
thing more  than  $51  per  acre.  In  the  case  of  berry,  tobacco,  and  orchanl 
crops  the  increase  must  be  derived  from  one  main  crop  and  a  possible  inter- 
crop. On  the  other  hand,  the  irrigator  of  truck  who  follows  intenaive  culture 
has  a  chance  of  dividing  the  annual  increase  among  three  to  six  crops.  The 
high  cost  of  spray  irrigation  eUmlnates  its  use  on  many  crops  which  lespond 
readily  to  irrigation.  It  is  possible,  however,  to  use  cheaper  methods  of 
distribution  on  many  of  these  crops  which  are  grown  on  land  having  an  evea 
surface.  A  combination  of  spray  irrigation  and  surface  methods  on  the 
same  farm  often  can  be  placed  under  one  pumping  plant,  as  illustrated  in 
Fig.  14,  thereby  utilizing  to  the  fullest  extent  the  water  supply,  pumping 
equipment,  and  main  pipe  lines.  The  typical  farm  illustrated  in  Fig.  14  indi- 
cates the  use  of  spray  irrigation  on  the  more  uneven  parts  where  the  topogra- 
phy is  not  adapted  to  cheaper  methods,  but  where  the  soil  and  southern  dope 
are  desirable  for  the  growing  of  early  and  intensive  truck  and  berry  Grope 
that  will  justify  spray  irrigation.  The  main  feed  pipe  is  extended  to  the  upper 
and  more  even  parts  of  the  farm,  where  cheaper  methods  of  irrigation  can  be 
applied  to  alfalfa,  orchard,  bush  berries,  potatoes,  and  other  croi>s  grown  in 
wide  rows  for  horse  cultivation. 

Truckers  in  the  arid  sections  seem  to  favor  a  combination  of  spray  irrigatioD 
and  surface  irrigation  on  the  same  field.  The  spray  is  used  in  the  preparatioD 
of  the  seed  beds,  germinating  seeds,  and  starting  newly  set  plants.  Later  the 
crops  are  irrigated  during  the  maturing  and  fruiting  periods  by  the  surfMe 
furrow  or  check  methods.  A  portable  spray  equipment  often  meets  tbeea 
conditions  most  economically,  because  it  can  also  be  used  for  the  inigatkm 
of  hot-bed  and  cold-frame  crops. 

Farm  Conditions  Adapted  to  Spray  Irrigation. — Spray  irrigation  can  be 
practiced  to  advantage  on  both  light  and  heavy  soils.  By  this  method  It  ii 
possible  to  apply  evenly  to  sandy  soils  the  small  quantities  of  water  wUA 
such  soils  will  retain,  without  the  loss  of  water  by  percolation  which  migU 
occur  with  other  methods.  It  is  possible  also  to  apply  to  heavy  day 
the  small  quantities  of  water  required  to  soften  such  soils  when  they 
baked  after  rains,  and  to  apply  water  no  faster  than  the  soU  can  abBOirt)  Id 
thus  preventing  loss  by  surface  run-ofif. 

Lands  to  be  irrigated  should  be  drained  as  completely  as  possible  of  eoDom 
moisture.  Many  tile-drained  fields  are  the  most  responsive  to  crops  uukr 
spray  irrigation. 

Spray  irrigation  is  practically  independent  of  the  topography  of  the  field 
and  can  be  applied  to  land  too  rolling  or  rough  for  surface  methods.  It  lit 
therefore,  adaptable  to  the  irrigation  of  side  hills  on  which  soils  tend  to  waA 
or  erode. 

Amount  of  Water  Required  for  Spray  Irrigaium. — ^As  yet,  the  aVBiltUB 
knowledge  on  the  amount  of  water  required  for  spray  irrigation  Is  limited* 
because  of  the  comparative  newness  of  the  methods  and  the  lack  of  actod 
records  on  plants  under  a  time  test.  In  the  humid  regions  amounts  not  eaoaad- 
ing  \i  in.  in  depth  often  are  considered  a  sufficient  application  to  seed  bedi 
and  young  vegetables,  while  in  the  case  of  maturing  garden  crops  and  i 
berries  \i  to  1  in.  may  be  applied.  It  is  probable  that  truckers  in  the  famflld  | 
region  do  not  use  more  than  6  in.  in  a  growing  season  and  in  many  seasooi  4  ML  I 
or  less  will  supplement  the  rainfall  sufficiently.  More  water  is  required  Itar 
sandy  soils  than  for  clay.    A  crop  like  the  spray-inigated  dtnis  groves  of  I 
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• 
:orida  may  require  as  much  as  3  in.  per  irrigation.    Truck  and  citrus  growers 

the  arid  regions  apply  more  water  than  those  in  the  humid  region,  probably 
icause  of  a  large  evaporation  loss.  In  the  arid  region  the  truck  farmer  is 
dined  to  make  frequent  applications — every  3  or  4  days — rather  than  to 
»ply  the  e3ctra  amount  of  water  required  in  large  applications  which  will 
3t  below  the  reach  of  the  vegetable  roots,  while  the  citrus  grower  applies 
)m  4  to  8  in.  each  time. 

For  spray  irrigation  sufficient  water  to  cover  the  land  to  a  depth  of  1  in. 
>r  week  for  humid  regions  and  l\i  m.  per  week  for  arid  regions  is  believed 

be  a  safe  estimate  for  desigmng  purposes.  A  spray  plant  should  be  large 
ough  to  supply  these  amounts  of  water  in  a  reasonable  length  of  time, 
lis  is  accomplished  generally  by  installing  the  system  of  spray  from  one- 
th  to  one-half  of  the  total  acreage  at  one  time,  depending  somewhat 
K>n  the  type  of  distribution  used  and  the  available  water  supply. 
All  spray  irrigation  plants  require  power  pumping  equipment  unless  pres- 
re  can  be  supplied  from  an  elevated  source  or  mmiicipal  waterworks.  To 
nerate  a  spray  requires  a  high-pressure  pump  producing  25  to  40  lb.  pressure 
I  the  nozzles  m  addition  to  elevating  the  water  to  the  field. 
The  Designing  of  Spray  Irrigation  Syatema. — Every  spray  irrigation  system 
n  be  divided  mto  three  parts,  which  must  be  considered  in  their  proper 
lation  to  each  other  m  the  design  of  a  plant.  First,  the  distribution-pipe 
stem,  which  applies  the  water  directly  to  the  crops  through  some  tjrpe  of 
tzzle;  second,  the  mam  feed  pipe,  which  conveys  the  water  from  the  source 

the  distributaries;  third,  the  pumping  equipment,  which  lifts  the  water 
id  develops  the  pressure,  unless  the  water  and  pressure  are  obtained  from  a 
avity  or  mumcipal  supply. 

The  distribution  system  should  be  laid  out  to  use  the  minimum  amount  of 
rge  pipe  for  both  distributaries  and  main  feed  pipe.  The  laterals  or  nozzle 
les  should  run  m  a  direction  which  will  give  the  least  amount  of  obstruction 
the  cultivation  of  the  field  \n  the  most  efficient  manner.  The  field  should 
!  laid  ofif  in  irrigation  blocks  or  units,  a  unit  representing  the  area  to  be 
Igated  at  one  item.  The  umt  should  be  of  a  desirable  length  for  the  kmd 
crops  to  be  irrigated.  Where  possible,  it  is  advisable  to  divide  the  field  by 
e  irrigation  system  mto  blocks  which  will  make  the  estimating  of  acreages 
sy  when  arriving  at  the  amount  of  seed  and  fertilizer  required  or  determm- 
g  yields.  This  is  done  usually  by  having  a  convenient  fraction  of  an  acre 
ider  each  spray  line  or  by  having  the  crop  rows  a  length  which  will  make  each 
d  or  yard  m  width  a  known  fraction  of  an  acre. 

To  keep  the  cost  of  a  spray  distribution  system  as  low  as  possible,  yet  obtain 
good  uniform  pressure  and  distribution  of  water,  the  sizes  of  pipes  must  be 
oportioned'  properly.  Each  lateral  or  nozzle  line  must  be"  proportioned  in 
se  according  to  the  number  and  capacity  of  the  nozzles  used.  The  main 
id  pipe  must  be  proportioned  to  carry  the  total  amount  of  water  to  the  most 
3tant  irrigation  umt  and  then  be  reduced  in  size  as  the  water  is  decreased 
^  each  nozzle  line  within  the  irrigation  unit.  The  water  required  to  run 
I  Irrigation  unit  determmes  the  capacity  of  the  pumping  equipment. 
Table  XXVI  is  a  bill  of  materials  for  the  typical  farm  shown  in  Fig.  14. 
pe  less  than  2  m.  m  diameter  can  be  cut  m  the  field,  hence  the  actual  number 
feet  required  is  stated  for  such  pipe.  "Location"  refers  to  the  location  m 
e  field.  Nozzle  lines  are  assumed  to  be  630  ft.  long  on  each  side  of  the  farm 
ad.  Pipe  posts  are  assumed  to  be  set  18  ft.  apart,  and  9  ft.  long,  to  support 
yzzle  lines  Q^i  ft.  above  the  surface. 
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Cost  of  Spray  System  of  Irrigation  for  Lawn  Sprinkling. — ^According  Buit 
A.  Heinly,  Engineering  News,  April  11,  1912,  the  cost  of  lawn  sprinkliDg 
which  was  practically  eating  up  the  annual  appropriation  for  parks,  was  cut 
80  per  cent  by  automatic  sprinkling  apparatus. 

The  system  is  simple  in  the  extreme.  It  is  composed  (Fig.  15)  of  pipes 
laid  in  radiator  circuits  from  12  to  15  in.  beneath  the  groimd,  which  supply 
stand-pipes  to  which  sprinkler  heads  placed  flush  with  the  ground  are  attacbsd 
at  intervals  of  20  ft.  Experiments  showed  that  a  circle  whose  diameter  is  the 
diagonal  of  a  20-ft.  square  is  about  the  maximum  over  which  water  can  be 
distributed  from  a  single  sprinkler  top.  It  .is  obvious  that  to  irrigate  any 
large  area  simultaneously,  the  supply  main  and  radiating  pipes  would  have  to 
be  of  large  size,  else  the  resultant  release  of  water  from  many  escapes  would 
so  reduce  the  press\ire  as  to  destroy  the  purpose  of  the  apparatus.  The  radiir 
tor  system  is  therefore  separated  into  circuits  or  series,  each  of  which  ii 
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Stanc^pipes  for  Two  Systems 
FiQ.  15. — Spray  irrigation  system,  Los  Angeles,  Cal. 

controlled  by  one  or  two  valves,  according  to  whether  the  circuit  is  fed  fioB 
one  or  two  ends.  With  the  application  of  a  volume  of  water  equal  to  tlH 
discharge,  the  series  is  set  in  operation,  the  sprinkler  then  providing  the  neO' 
essary  distribution  in  the  form  of  a  spray. 

The  system  was  devised  by  Frank  Shearer,  superintendent  of  parks,  and  tM 
installation  was  made  in  Central  Square,  a  five  acre  tract  near  the  heart  d 
the  retail  shopping  district.  The  park  was  being  entirely  remodeled,  wbkA 
included  the  stripping  of  the  lawn,  so  that  unusual  opportunity  was  offeitA 
for  the  work.  Here  a  single-feed  system,  controlled  by  one  valve  (F%>  lA) 
was  used.  The  supply  main  is  4  in.  in  diameter  and  the  circuit  pipes  3  In.  IB 
diameter.  The  water  pressure  in  the  city  mains  is  approximately  60  lbs.  p* 
sq.  in.  at  this  point.  Three  dozen  sprinkler  heads  were  attadied  to  esdi 
series,  which  irrigates  approximately  17,000  sq.  ft.  Eleven  series  are  tbm.i 
required  for  sprinkling  the  4.3  acres  of  lawn  area.  The  system  cost  abod^ 
$400  per  acre,  installed,  which  is  nearly  double  the  cost  of  piping  for  bose  bi^ 
gation  which  includes  the  purchase  of  hose. 

With  this  system  in  use,  it  requires  the  time  of  one  man  for  only  two  boun^ 
do  the  day's  sprinkling  over  the  entire  park.    With  irrigation  by  hose  ■prink' 
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)ok  two  men  the  entiie  day  to  perform  the  task.  At  the  rate  of  $2  per 
eie^t  hours'  work  this  is  a  net  daily  saving  of  ^.50  per  day,  or 
)  per  year  <ai  this  small  paric,  where  within  20  months  the  device 
for  itself. 

ion,  Installatioii  and  Cost  of  Small  Pumping  Plants  for  Irrigation. — 
owing  discussion  is  given  by  B.  A.  Etchverry,  Department  of  Irri- 
Jniversity  of  Caiifomia,  in  Engineering  and  Contracting  Nov.  5,  1913. 
roper  selection  of  a  pumping  plant  depends  upon  many  factors  which 
)e  carefully  considered  by  the  intending  purchaser.  These  factors  are: 
ce  cH  water  supply,  (2)  capacity  of  plant  and  period  of  operation,  (3) 
I  of  pump,  (4)  the  class  of  engine  or  driving  power.  (5)  the  first  cost, 
uel  cost,  (7)  the  cost  of  fixed  charges  and  attendance.  These  factors 
dependent  and  should  be  considered  together.  Their  relative  impor- 
[11  vary  with  local  ccmditions  and  for  that  reason  it  is  not  possible  to 
tfinite  rules  which  will  apply  in  all  cases.  A  study  of  the  conditions 
:  each  factor  is  therefore  necessary  in  each  case. 
tree  of  Water  Supply. — The  source  of  water  supply  may  be  surface 
pplyt  such  as  water  occurring  in  rivers,  lakes,  canals,  etc.,  or  may  be 
water  supply.  Where  surface  water  is  available,  the  water  will  be 
k1  by  means  of  a  proper  intake,  which  for  the  simplest  cases  will  con- 
>ly  of  the  suction  pipe  of  the  pump  extending  into  the  body  of  water, 
round  wat^  is  available  the  most  common  means  of  dev^opment  is 

• 

— The  well  may  be  a  dug,  bored  or  drilled  well.    The  most  common 
well  for  individual  pumping  plants  in  California  is  a  drilled  or  bored 
o  16  ins.  in  diameter  or  larger,  lined  with  a  casing,  which  may  be  one 
iree  following  types: 
andard  steel  screw  casing; 

ogle  galvanized  iron  casing.  No.  12  to  No.  16  gauge,  with  joints 
ogether; 

ouble  black  steel  casing,  No.  12  to  No.  16  gauge,  known  as  Caiifomia 
e  casing,  and  very  generally  used  in  southern  Caiifomia.  This 
made  of  riveted  steel  sections  2  ft.  long  placed  with  broken  joints. 
;om  of  the  casing  consists  of  a  starting  section  15  to  20  ft.  long,  made 
thickness,  riveted  together,  with  a  steel  shoe  at  the  lower  end. 
ell  and  casing  should  extend  into  the  water-bearing  gravel  suflSciently 
7e  a  perforated  area  equal  to  at  least  five  times  the  cross  section  area 
ell.  The  perforations  are  made  with  an  improved  cutting  tool,  and 
f  6  to  8  shts  made  in  each  ring  or  circle;  each  slit  12  to  18  ins.  long  and 
in.  wide.  A  space  of  4  ins.  is  skipped  and  another  ring  of  slits  stag- 
th  the  adjacent  ones  is  made.  Slits  should  not  be  over  18  ins.  long 
repipe  casing. 

them  Caiifomia,  near  Chino,  the  price  of  drilling  deep  wells  is  as  follows : 
,  12  and  14-in.  wells  in  fine  material,  $1.25  per  foot  for  first  500  feet, 
-in.  wells  in  fine  material,  $1.50  per  foot  for  first  500  feet, 
pths  greater  than  600  ft.  the  price  is  50  cts.  extra  for  each  additional 

•st  per  foot  of  steel  stovepipe  casing  is  about  as  follows: 

',  ins.  12  gage  14  gage 

$1.  12  $0.92 

1.27  0.99 

1.51  1.12 

;;;;;;;;;;;;;;;;; i.so  1.24 
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2.  Capacity  of  Plant  and  Period  of  Operation, — The  lequiied  capacity  of 
the  plant  will  depend  on  the  area  irrigated,  the  duty  of  water  or  depth  of 
water  required  on  the  land  and  the  period  of  operation.  For  ordinary  orcbud 
soil  a  total  depth  of  12  ins.  of  water  during  the  irrigation  season  will  be  suffl* 
cient  for  young  orchards.  For  a  full-bearing  deciduous  orchard  18  ins.,  and 
for  a  citrous  orchard  24  ins.  should  be  ample,  while  for  alfalfa  and  other  fQ^ 
age  crops  24  to  36  ins.  is  plenty.  Where  the  cost  of  pumping  is  high,  tucli 
as  for  small  plants  and  high  lifts,  it  will  usually  not  be  feasible  to  grow  at 
a  profit  anything  but  orchards.  To  reduce  the  cost  of  pumping,  no  eocoMB 
water  should  be  used,  all  losses  should  be  prevented  by  careful  irrigation  and 
thorough  cultivation,  in  which  case  a  young  orchard  on  fairly  de^  retentivs 
soil  may  not  require  more  than  6  to  9  ins.  of  irrigation  water  and  a  fuli-bearing 
orchard  not  more  than  12  or  15  ins.  for  deciduous  trees  and  18  ins.  for  dtrai 
trees  during  the  irrigation  season.  To  put  a  depth  of  2  ft.  of  water  on  one 
acre,  it  takes  a  flow  of  very  nearly  1  cu.  ft.  per  second  for  24  hours;  this  ii 
equivalent  to  450  gals.  i>er  minute  for  24  hours.  This  relation  can  be  applied 
to  any  case  to  obtain  the  size  of  the  pump.  For  ocample.  if  it  is  desired 
to  irrigate  a  40-acre  orchard  1^  ft.  deep,  in  an  irrigation  seasons  of  120  daya 
this  requires  60  acre  feet  in  120  days  or  ^i  acre  foot  per  day.  This  will  be 
obtained  by  a  pump  giving  }i  cu.  ft.  per  second,  or  110  gals,  per  minute,  ii4hb 
the  pump  is  operated  continuously  24  hours  a  day  every  day  during  the  indgir 
tion  season  of  four  months.  For  a  10-acre  orchard  the  required  capacity 
based  on  the  same  conditions  would  be  one-quarter  of  the  above,  or  38  gala 
I)er  minute,  or  1/10  cu.  ft.  per  second. 

The  above  two  examples  are  based  on  a  piunp  operating  continuously  et 
the  rates  given  above.  While  continuous  operation  decreases  the  requtaid 
size  of  plant,  it  is  usually  preferable  to  select  a  plant  of  larger  capacity  and 
operate  it  only  a  part  of  the  time.  This  is  especially  desirable  for  veiy  ffaiD 
orchards,  in  which  case  continuous  operation  gives  a  stream  too  small  too 
irrigate  with.     The  other  disadvantages  of  continuous  operation  are: 

(1)  Continuous  operation  requires  continuous  irrigation  and  ooDStsot 
attention  to  operate  the  pumping  plant.  For  very  small  tracts  a  regulatiOf 
reservoir  may  be  used,  but  it  must  be  of  considerable  capacity  to  be  of  any 
service,  and  it  must  be  lined  with  concrete  to  prevent  seepage  losses  cf  the 
water,  which  when  pumped  is  too  valuable  to  lose.  Usually  it  is  piefenbto 
to  purchase  a  larger  plant  and  do  without  a  reservoir. 

(2)  Continuous  operation  gives  a  small  stream  which  cannot  be  iVpUed 
economically. 

(3)  Continuous  operation  means  that  the  water  cannot  be  applied  to  ths 
different  parts  of  the  orchard  within  a  short  time,  so  that  only  a  small  part  of 
the  orchard  or  farm  receives  the  water  when  most  needed,  and  the  lenEiaiiidv 
must  be  either  too  early  or  too  late. 

(4)  A  small  plant  is  less  efficient  and  requires  a  proportionately  laigerftMl 
consumption  than  a  larger  plant,  to  pump  the  same  quantity  of  water. 

On  the  other  hand,  a  very  short  period  of  operation  requires  a  compaiaUiily 
large  pumping  plant,  which  will  greatly  increase  the  first  cost  cf  InsliiHallW 
the  interest  on  the  capital  invested,  the  depreciation  and  fund  neoeswn 
to  provide  for  renewal.    It  also  requires  a  larger  source  of  supply,  which  BMQT 
not  always  be  available.    For  instance,  the  required  flow  may  exceed  tti| 
capacity  of  the  well  or  may  so  lower  the  water  plane  that  the  cost  of  punplv  j 
wUl  be  increased.    Also  in  some  localities  the  power  company  may  oflSBr  alOU 
flat  rate  for  continuous  use. 
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Usually  it  is  desirable  to  operate  the  pump  not  over  one-half  or  on&-third 
the  time  during  the  irrigation  season  and  often  a  shorter  period  is  desirable, 
lis  requires  a  pumping  plant  two  or  three  times  or  more  the  size  required 
r  continuous  irrigation.     The  capacity  of  the  pump  must  be  sufficient 

all  cases  to  give  a  large  enough  stream  to  irrigate  economically;  even  for 
e  smallest  orchards  a  stream  of  at  least  5  to  10  miner's  inches  or  about  60 

100  gals,  per  minute  is  desirable. 

For  a  full-bearing  orchard  18  ins.  of  irrigation  water  for  deciduous  trees 
id  24  ins.  for  citrus  trees,  applied  in  three  to  four  irrigations  of  6  ins.  each, 
intervals  of  30  to  40  days,  should  be  ample  in  most  cases.  As  stated  above 
lere  the  water  has  to  be  pumped  to  high  elevation,  the  higher  cost  of  the 
Iter  demands  greater  care  in  its  use  and  12  to  18  ins.  total  depth  of  irrigation 
iter  would  be  sufficient. 
Table  XXVII  gives  the  required  pump  capacity  for  various  sizes  of  orchards 

farms  and  for  different  periods  ol  oi)eration.  It  is  based  on  a  depth  of 
igation  water  of  6  ins.  each  month,  or  18  ins.  in  three  months,  which  is  taken 

the  irrigation  season.  The  period  of  operation  is  given  in  number  of 
-hour  days  that  the  pumping  plant  is  operated  each  month.  These  days 
ed  not  be  consecutive;  for  instance,  if  the  operation  period  is  10  days,  instead 
applying  6  ins.  of  water  in  one  irrigation  lasting  10  days,  the  soil  may  be  so 
>rous  and  gravelly  that  it  will  not  retain  the  moisture,  in  which  case  it  may 

preferable  to  apply  3  ins.  at  a  time  in  two  irrigations  during  the  months, 

five  days  each.    The  required  pump  capacity  is  given  in  U.  S.  gallons  per 

inute. 

The  capacity  of  pumps  for  smaller  or  greater  depths  of  water  applied  per, 

onth  can  be  easily  computed  by  proportion  from  the  values  given.     For 

fferent  areas  and  different  periods  of  operation  the  capacity  may  be  obtained 

**  interpolation. 

kBLE  XXVII. — Necessary  Capacity  op  Pumps  in  U.  S.  Gallons  per  Minute 
TO  GrvB  A  6-INCH  Depth  of  Water  on  the  Land  Each  Month  When 
Operated  the  Following  Number  of  24-hour  Days  Each  Month 

'ea,  acres  30  days    20  days    15  days      10  days       5  days      Jl  day 

5 19  28  38  56  113  563 

10 37.5  66.25         75  112.5  225  1.125 

15 57  85  113  170  340  1.690 

20 75  113  150  225  450  2.250 

30 113  169  225  338  675  3.375 

40 150  225  300  450  900  4,500 

60 226  338  450  675  1,350  6,750 

80 300  450  600  900  1,800  9,000 

120 450  675  900  1.350  2.700  13.500 

3.  Kind  of  Pump. — The  kinds  of  pump  commonly  used  to  raise  water  for 
igation  are:  (1)  centrifugal  pumps,  (2)  power  plunger  pumps,  (3)  deep  well 
mps,  (4)  air  lift  pumps,  (5)  hydraulic  rams.  Where  the  source  ol  water 
pply  is  a  surface  body  of  water,  either  a  centrifugal  pump,  a  power  plunger 
mp  or  a  hydraulic  ram  will  be  used;  where  the  source  of  water  supply  la 
Dund  water  developed  by  wells,  usually  either  a  centrifugal  pump,  a  deep 
11  pump,  or  an  air  lift  pump  will  be  used  and  in  some  cases  a  power  plunger 
mp.  For  deep  wells  usualy  the  vertical  centrifugal  pump  placed  in  a  pit 
an  air  lift  pump  is  used.  Hydraulic  rams  are  used  for  small  quantities  of 
Iter  such  as  for  domestic  purposes  or  for  irrigation  of  small  pieces  of  land, 
ley  are  economical  in  operation,  but  require  special  conditions  such  as  a 
Aiby  stream  or  cimal  with  sufficient  fall  in  a  short  distance. 
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Centrifugal  Pumps. — A  centrifugal  pump  consists  of  a  circular  casiDg  with 
the  inlet  or  suction  end  connected  to  the  center  and  the  outlet  or  dischaiKe 
end  formed  tangent  to  the  perimeter.  Inside  the  casing  is  the  runnw  or 
impeller  keyed  on  the  shaft  and  revolving  with  it.  It  is  formed  of  curved 
vanes  closely  fitting  the  casing.  There  are  two  general  types:  First  the  hori- 
zontal centrifugal  pump,  which  has  a  horizontal  shaft;  second,  the  vertkaJ 
centrifugal  pump  with  a  vertical  shaft.  When  in  operation  the  impeller  by 
revolving  imparts  a  velocity  to  the  water  between  the  vanes  and  forces  it 
away  from  the  center  of  the  casing  towards  the  i>erimeter  of  rim  of  the  caslus 
through  the  outlet  and  up  the  discharge  pipe.  This  produces  a  partial 
vacuum  at  the  center  of  the  impeller,  which  induces  a  flow  throug^h  the  sue* 
tion  pipe  into  the  casing.  The  number  of  revolutions  of  the  runner  or  speed 
of  the  pump  has  an  exact  relation  to  the  head  or  lift  against  which  the  pump 
is  working  and  for  every  head  there  is  a  speed  for  which  the  pump  woria 
most  efficiently.  This  speed  can  be  obtained  from  the  pump  manufacturen. 
It  is  important  that  ihe  pump  be  connected  to  an  engine  or  motor  which  will 
give  it  the  proper  speed.  Over-speeding  is  preferable  to  underspeeding,  but 
either  reduces  the  pump  efficiency. 

Simple  centrifugal  pumps  specially  designed  and  driven  at  a  sufiSciently 
high  rate  of  speed  may  be  used  for  lifts  considerably  over  100  ft.,  but  usually 
the  stock  pump  obtainable  from  the  manufacturers  is  not  suitable  for  lifti 
over  75  ft.,  and  for  the  smaller  sizes  the  total  lift  should  not  exceed  60  ft 
For  higher  lifts  compound  or  multi-stage  centrifugal  pumps  are  used.  TfaeM 
consist  of  two  or  more  pumps  connected  in  series,  the  discharge  of  the  lint 
pump  or  stage  is  delivered  into  the  suction  of  the  next  pump  and  the  operatioB 
is  repeated,  according  to  the  number  of  stages.  Usually  75  ft.  to  125  ft.  k 
allowed  to  each  stage.  When  the  required  capacity  of  the  pumps  is  ow 
100  or  150  gals,  per  minute  and  the  total  lift  less  than  75  ft.  the  ceatiifugal 
pump  is  no  doubt  the  best  adapted. 

Centrifugal  pumps  are  usually  denoted  by  a  number  which  represents  tte 
diameter  of  the  discharge  in  inches.  The  efficient  capacity  of  each  slae  wffl 
vary  to  some  extent  with  the  speed  of  the  pump,  which  depends  on  the  total 
lift  pufiiped  against.  The  pumps  can,  therefore,  not  be  rated  aocurstelf. 
The  capacities  given  in  Table  XXVIII  are  worked  out  from  the  ratings  giTfB 
by  a  reliable  pump  manufacturer  and  are  subject  to  considerable  yariatloai 
either  above  or  below  the  values  given. 

Table  XXVIII. — Capacities  of  CENTRiruoAL  Puicpb 

Number  of  acres  irrigated  6  in.  deep 
each  month  for  operation  period 


No.  of  pump 

or  diameter 

of  discharge 

in  ins. 

2 

2H 
3 

SH 

4 
5 
6 

7 
8 


Capacity  in 
Capacity  in  second-feet, 
U.  S.  gallons    or  acre-inch 


per  min. 

100 

150 

225 

300 

400 

700 

900 
1,200 
1,600 


per  hr. 

0.22 
0.33 
0.  50 
0.66 
0.90 
1.60 
2.00 
2.70 
3.  50 


-during  the  month 
30       20       15       10         6  1 

days  days  days  days    days     day 


To  start  a  centrifugal  pump  the  suction  pipe  and  the  pump  must  be  IIDli 
with  water  or  primed.  This  may  be  done  by  closing  the  dischaige  pipe  wtthe 
check  valve  and  connecting  the  suction  end  of  a  hand  pump  to  the  top  of  tte 
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ising.  Where  a  steam  en^ne  is  used,  a  steam  ejector  may  take  the  place 
'  the  hand  pump.  For  small  pumps  and  low  lifts  a  foot  valve  on  the  end  of 
le  suction  pipe  may  be  used  and  the  pump  primed  by  pouring  water  in  the 
isingr  or  suction  pipe.  The  disadvantage  of  a  foot  valve  is  that  if  the  water 
not  clear  a  small  stone  or  twig  may  lodge  itself  m  the  foot  valve  and  prevent 
riming.  This  will  necessitate  that  the  suction  pipe  be  uncoupled  and  the 
)struction  removed. 

The  pump  must  be  placed  as  near  as  possible  to  the  water  level  to  keep  the 
iction  lift  down.  While  theoretically  the  suction  lift  may  be  as  great  as 
( ft.  at  sea  level  and  about  30  ft.  at  an  elevation  of  3000  ft.,  it  is  desirable  not 
*  exceed  20  ft.,  and  less  is  preferable.  The  horizontal  centrifugal  pump  is 
:eferable  where  the  depth  from  the  ground  surface  to  the  water  plane  is  not 
rge.  But  where  the  depth  is  large,  it  is  necessary  to  place  the  pump  in  a 
3ep  pit,  in  which  case  either  the  vertical  centrifugal  pump  or  a  deep  well 
imp  is  generally  used.  A  horizontal  shaft  centrifugal  pump  is  usually  more 
ficient  than  a  vertical  centrifugal,  and  it  eliminates  the  end  thrust  of  the 
laft  obtained  with  the  vertical  shaft  which  is  difficult  to  balance  properly, 
•uring  the  past  few  years  a  new  type  of  vertical  centrifugal,  commonly 
uned  turbine  centrifugal  pump,  has  been  developed  for  pumping  from  deep 
ells  without  the  necessity  of  a  pit.  These  pumps  are  installed  inside  the 
ising  of  bored  wells  12  to  30  ins.  in  diameter. 

The  plant  efficiency  can  be  increased  by  reducing  the  friction  in  the  suction 
id  discharge.  As  few  bends  as  possible  should  be  used  and  those  should  be 
lade  by  using  long  turn  elbows.  The  suction  and  discharge  pipes  should  be 
.rger  than  the  intake  and  outlet  openings  of  the  pumps  and  joined  to  the 
ump  with  an  increaser.  The  diameter  of  the  suction  pipe  and  especially 
f  the  discharge  pipe  should  be  IK  times  the  diameter  of  the  intake,  and 

the  discharge  pipe  is  long  it  may  be  economy  to  make  the  diameter  even 
irger.  Where  the  source  of  water  supply  is  a  surface  body  of  water,  enlarging 
le  lower  end  of  the  suction  pipe  will  further  decrease  the  friction.  This 
lay  be  done  by  a  funnel-shaped  section  whose  length  is  about  three  times  the 
iameter  of  the  suction  pipe  and  whose  large  end  is  about  1^^  times  the 
iameter  of  the  pipe.  The  larger  opening  at  the  entrance  to  the  suction  pipe 
111  decrease  the  tendency  to  suck  up  sand  or  gravel.  When  the  water  carries 
eeds,  gravel  or  other  material  a  strainer  should  be  used  and  the  total  area  of 
le  strainer  should  be  at  least  twice  the  area  of  the  suction  pipe.  The  dis- 
large  pipe  should  not  carry  the  water  any  higher  than  necessary. 

Power  Piston  or  Plunger  Pumps. — This  type  of  pump  is  used  where  the  water 

obtained  from  a  surface  source  or  where  the  water  plane  is  near  the  surface 
r  the  ground  and  the  lift  to  the  point  of  delivery  is  large.  It  consists  of  one 
r  more  cylinders,  in  each  one  of  which  a  piston  or  plunger  moving  backwards 
id  forwards  sucks  the  water  into  the  cylinder  and  forces  it  up  the  discharge 
Ipe.  When  the  cylinder  has  only  one  suction  valve  and  one  discharge 
live,  the  motion  of  the  piston  in  one  direction  causes  suction  and  the  dis- 
Lacement  in  the  opposite  direction  forces  the  water  through  the  discharge 
Ipe.  With  two  sets  of  valves  so  arranged  that  there  is  a  discharge  for  each 
Isplacement  of  the  piston,  the  pump  is  known  as  a  double  acting  pump. 
Then  the  pump  has  two  cylinders,  it  is  known  as  a  duplex  pump,  with  three 
flinders  it  is  a  triplex  pump,  and  in  either  case  may  be  either  double  acting 
r  single  acting.  The  cylinders  with  the  driving  gears  or  pulleys  are  assembled 
sgether  and  built  at  a  height  above  the  water  plane,  which  must  not  exceed 
he  suction  lift. 
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The  capacity  of  the  pump  will  depend  on  the  diameter  of  the  cylinder,  tbe 
length  of  the  stroke  of  the  piston,  and  the  number  of  strokes  or  revolutions  per 
minute.  The  capacities  of  a  few  sizes  of  double  acting,  single  piston  punQM. 
single  acting  triplex  pumps  and  of  double  acting  duplex  pumps  are  as  foUanfs: 

Capacity  of  Double  Actinq,  Sinqlb  Piston  Pump 


Diameter 

Revolutiona 

of  water 

Length  of 

or  strokes 

U.   S.  fab. 
per  mm. 

cylinder  ins. 

stroke,  ins. 

per  min. 

3 

5 

40 

12.4 

4 

5 

40 

21.6 

5 

5 

40 

34 

6 

6 

40 

68 

7 

6 

40 

80 

8 

6 

40 

104 

Capacity  of  ; 

SiNGLB  Acting, 

Tbiplbx  Piston  Pump 

3 

4 

50 

18 

4 

4 

60 

32 

4 

6 

50 

50 

6 

6 

50 

76 

5 

8 

45 

91 

6 

8 

45 

131 

7 

8 

45 

180 

7 

10 

42 

210 

8 

10 

40 

270 

8 

12 

40 

310 

9 

10 

40 

340 

CAPAcrrr 

OF  Double  Acting,  Dupiax  Pumps 

2H 

4 

76 

20 

3 

4 

75 

36 

3^ 

6 

60 

68 

4 

6 

60 

78 

5 

6 

60 

120 

6 

6 

60 

174 

5 

10 

50 

170 

6 

10 

60 

246 

7 

10 

60 

334 

8 

12 

50 

622 

9 

12 

60 

660 

The  sizes  of  pumps  and  the  capacities  vary  with  the  diffeieat  ntsniilli^ 
turers.  The  values  stated  above  show  the  approximate  range  of  the  illffsilil 
sizes.    For  small  capacities  the  double  acting  single  piston  pump  may  beuMib 

Deep  Well  Pumps. — These  pumps  are  used  where  the  water  pUne  It  tt 
large  depths  below  the  ground  surface.  A  deep  well  pump  conslfts  of  a  bns 
cylinder  in  which  operate  two  plungers  with  valves.  The*  lower  pHirgT"'  li 
connected  to  a  solid  rod  which  fits  into  a  hollow  rod  to  which  the  npiNr 
piston  is  connected.  The  plungers  are  so  operated  by  the  driving  poww  tbit 
the  pump  is  double  acting,  one  plunger  moving  up  while  the  other 
downwards,  so  that  there  is  a  continuous  discharge.  Above  the  cyUnder  i 
connected  to  it  is  the  vertical  discharge  or  column  pipe  into  which 
the  water  passing  through  the  valves  in  the  plunger.  The  cylinder  li 
2  ins.  smaller  in  diameter  than  the  well  casing  and  the  delivery  pipe  ebout  Ilk 
less;  the  cylinder  and  delivery  pipe  are  both  lowered  into  the  well  untU  thi 
plungers  are  under  water.  At  the  surface  the  driving  power  and 
motion  of  the  belt  of  the  engine  is  transmitted  to  the  driving  rods  by  maHVOf  | 
gears  and  levers  combined  into  a  power  head  designed  to  produce  oi 
strokes,  so  as  to  eliminate  to  some  extent  the  pulsations  which  en  ftnlill^j 
decreased  by  an  air  chamber.    The  sizes  range  from  6-iiL  cyUadflB  4|| 
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broke  to  16-in.  cylinders  and  36-in.  stroke.  The  number  of  strokes 
rom  16  to  24  per  minute,  depending  on  the  lift  and  the  size.  The 
m  lift  is  350  ft.  The  capacity  ranges  from  about  115  gals,  per  minute 
ximum  of  1000  gals,  for  the  largest  pump  with  extra  long  cylinder. 
ift  Pumping  PlanU. — Air  lift  or  compressed  air  pumping  plants  consist 
r  more  air  lift  pumps.  The  air  compressor  with  receiver  and  motive 
ad  the  necessary  piping  to  deliver  the  compressed  air  from  the  receiver 
imps.  Each  pump  consists  of:  (1)  the  discharge  pipe,  which  is  smaller 
)  well  casing  and  is  placed  inside  of  it,  extending  below  the  water  sur- 
i  depth  equal  to  IK  to  2  times  the  lift  measured  from  the  water  sur- 

the  air  pipe,  which  is  usually  Inside  the  discharge  pipe,  but  may,  if  the 
nough  larger  than  the  discharge  pipe  to  so  permit,  be  placed  outside 
inected  at  the  lower  end  of  the  discharge  pipe  by  means  standard 
)r  special  castings ;  (3)  the  foot  piece,  which  is  a  special  casting  connect- 
e  lower  end  of  the  air  pipe  and  so  designed  to  admit  the  air  evenly  in 
ibbles.  There  are  various  designs  of  patented  foot  pieces,  but  there 
difference  in  their  efficiency;  (4)  the  tail  piece  which  forms  a  slightly 
I  extension  of  the  lower  end  of  the  discharge  pipe  below  the  foot 
The  air  is  delivered  through  the  foot  piece  at  pressures  varying  accord- 
he  lift  and  the  ratio  of  diameters  between  air  pipe  and  water  pipe, 
ixpansion  and  displacement  produces  the  lifting  power.    The  relation 

the  volume  of  air  supplied  and  the  volume  of  water  pumped  for 
i  lifts  has  been  found  by  experiment  to  be  as  follows: 


feet 

/ubic  feet  of  air 

ibic  feet  of  water 


10 

20 

30 

60 

100 

.0 

1.5 

2.0 

2.5 

3.0 

elocity  of  water  in  the  discharge  pipe,  based  on  the  volume  of  water 
should  not  exceed  5  ft.  per  second  in  order  to  keep  down  friction 

ompressor  may  be  direct  connected  to  a  steam  engine  or  gasoline 
>r  may  be  connected  by  means  of  belts,  gears,  etc.,  to  the  driving 
hich  may  be  a  steam  engine,  a  gasoline  engine  or  electric  motor.  The 
3ed  air  passes  from  the  air  cylinder  to  the  receiver,  which  is  used  to 
I  air  and  equalize  the  pressure.  From  the  receiver  the  air  is  conducted 
pipes  to  each  well. 

ficiency  of  the  plant  when  properly  installed  as  calculated  from  the 
actual  water  horse-power  to  the  indicated  horsepower  in  the  cylinder 
ngine  is  generally  between  20  and  30  per  cent.  Air  lifts  are  best 
for  pumping  from  several  wells  not  farther  apart  than  one-half  mile 
5re  the  wells  are  sufficiently  deep  to  allow  proper  submergence. 
ulic  Rams. — The  hydraulic  ram  works  on  the  principle  that  a  large 
3f  water  failing  through  a  low  head  will  pump  a  smaller  volume  of 
trough  a  higher  head.  The  ram  consists  of  the  valve  box  and  air 
le  supply  or  drive  pipe  which  connects  the  valve  box  with  the  source 
IT  and  the  deUvery  or  discharge  pipe  which  connects  the  air  vessel 
point  of  delivery.  The  efficiency  of  the  plant  is  E  =  qh/QH  where 
ime  of  discharge  water,  h  =  discharge  head  in  feet  above  ram, 
jme  of  drive  water,  H  «  drive  head  in  feet.  For  best  results  the 
;he  length  of  drive  pipe  to  the  length  of  drive  head  should  not  exceed 
it  is  practicable  to  increase  this  ratio  to  25  and  use  a  drive  pipe  1000 
The  delivery  head  may  be  anything  up  to  about  250  ft.  and  the 


600 


HANDBOOK  OF  CONSTRUCTION  COST 


drive  head  anything  above  18  ins.  The  efficiency  diminlaheg  as  the  ntio  d 
delivery  to  drive  head  increases.  With  this  ratio  as  great  as  30  to  1  the ift- 
ciency  will  not  be  over  20  per  cent;  with  a  ratio  not  greater  than  4  to  1  tia 
efficiency  may  be  as  high  as  75  per  cent.  Rankine  gives  the  followiiig  eqia- 
tion  to  determine  the  efficiency  for  varsring  ratios  of  drive  head  to  diichMli 

head:  E  =  1.12  -  .2\  —- 

H^rdraulic  rams  are  usually  limited  to  small  quantities  at  water.  A  notiHi 
example  of  a  large  plant  for  irrigation  purposes  is  one  Installed  at  Smmjrida 
Wash.,  for  the  irrigation  of  240  acres  of  land.  The  plant  was  inntalletl  by  tlit 
Columbia  Steel  Works  of  Portland,  Ore.,  and  consists  of  eleven  IMn.  nah 
with  a  common  discharge  cylinder  emptying  into  a  10-in.  wood  stave  i^«p«*— f 
pipe.  The  plant  is  used  to  irrigate  150  acres  under  105  ft.  lift  and  90  aeni 
under  144  ft.  lift.  The  lifts  are  measured  from  rams.  The  drive  head  li  88lt 
and  the  drive  water  5  sec.  ft.  The  plant  was  furnished  under  guaianlM  It 
deliver  .75  sec.  ft.  at  higher  outlet.    The  cost  of  plant  is  as  follows: 

Eleven  6-in.  rams  and  3,212  ft.  of  wrought  iron  drive  pipe IStMl 

1,900  ft.  of  10-in.  wood  discharge  pipe 8M 

Installation,  complete S|OBI, . 

Total  cost $5,801 

No  maintenance  except  two  visits  per  day  to  dear  weeds  out.  '- 

An  efficiency  test  gave  the  following  results:    H  »  87.6;  A  ■■  144.1  ;Q  *  6Jifr. 
q  =  1.15 

F  -  iJ5_X  144.1  _ 

^'  ~    r>.26  X  37.6   ~  •'"  ,1 

Adaptability  of  the  Several  Types  of  Pumps  for  Small  Pumping 
Where  the  source  of  water  supply  is  a  stream  or  suriaoe  body  at  walVi 
choice  is  usually  between  a  power  pump  and  a  centrifugal  pump 
depend  largely  on  the  lift  and  capacity.    Power  pumps  are  best  adaptsd  ■ 
iSgh  heads  above  75  ft.  and  to  small  or  moderate  volumes  of  watar, 
under  200  gals,  per  minute.    For  these  conditionB  the  efflctenpy  of  a 
pump  is  usually  greater  than  that  of  a  centrifugal  inmip.    For  greater ' 
the  plunger  pumps  are  comparatively  expensive  and  eentrfihigal  panps 
usually  preferable  unless  the  Hf t  is  excessive.    The  centrifugal  pump  hM 
advantage  that  it  is  simple  in  construction  with  no  parts  to  get  out  of  < 
and  that  it  is  cheaper  than  a  power  pump. 

Where  the  source  of  water  supply  is  ground  water  with  the  water  tabtolB) 
well  at  a  depth  below  the  surface  not  much  greater  or  less  than  the 
suction  lift,  so  that  a  deep  pit  is  not  necessary,  then  the  choloe  la 
centrifugal  pump,  a  power  pump  and  an  air  lift  pump.    The  setoctlon  I 
the  centrifugal  and  power  pump  will  depend  on  a  oonslderatloin  of  UCI 
capacity  as  explained  above.    Air  lift  plants  have  low  efficiency, 
depth  of  well  below  the  water  table  equal  to  about  twice  the  lift 
from  the  water  table  and  are  hardly  to  be  oonsideied  in  connectloii  wlthi 
rate  small  pumping  plants.    They  are  best  adapted  to  a  large  "iimhar  fg  ^ 
(at  least  six  or  preferably  more)  placed  dose  together. 

Where  the  source  of  water  is  groimd  water  developed  by  < 
water  table  at  a  large  depth  below  the  surface  (50  to  200  fL  or 
choice  is  between  a  vertical  centrifugal  pump  in  a  pit  and  a  deq> 
which  eliminates  the  pit.     Deep  well  pumps  are  best  adapted  vteM  tti^ 
In  excess  of  100  or  150  ft.  and  for  wells  that  do  not  yield  s        thaB 


iffine. — The  driving  power  is  generally  either  gasoline  engine,  steam 
or  electric  motor. 

rif ugal  pumps  are  usually  either  direct  connected  (except  for  varying 
ds)  or  connected  by  means  of  belt,  gears,  or  chains.  Power  pumps  are 
ed  by  belts  or  gears.  Direct  connection  is  preferable  when  possible; 
ire  efficient  and  eliminates  the  adjustment  of  belt  or  cluun  necessary 
It  or  chain  driven  pumps.  The  connection  of  these  pumps  and  driving 
nust  be  such  that  the  pomps  will  be  given  the  speed  or  number  of 
ons  per  minute  for  which  they  are  designed  and  for  which  the  highest 
iy  is  obtained.  For  this  reason  direct  connection  can  only  be  used 
he  driving  power  and  the  pump  have  the  same  speed.  Tbe  speed  of 
gal  pumps  is  usually  high;  so  is  that  of  electric  motors;  and  for  this 
they  can,  if  properly  designed,  be  direct  connected.    This  is  done 

by  means  of  a  flexible  coupling.  Gasoline  and  steam  engines  are 
y  operated  at  a  much  lower  speed  than  centrifugal  pumps,  and  for  that 
are  not  direct  connected  unless  the  engine  and  pump  are  specially 
1.  This  is  done  by  some  manufacturers.  Power  plunger  pumps 
uted  at  a  low  speed,  and  for  that  reason  are  not  direct  connected  to  the 
power.  When  connected  by  gears,  belts  or  chains,  the  driving  gear 
sren  gear,  or  the  driving  pulley  and  driven  pulley  must  be  so  propor- 
hat  the  pump  will  be  given  its  correct  speed.  When  a  plunger  pump 
wtih  steam  engine  in  a  single  machine,  with  the  piston  or  plunger  of  the 
{iinder  on  the  same  driving  rod  as  the  piston  of  the  steam  cylinder, 
led  a  direct  acting  steam  pump.    The  fuel  consumption  of  a  steam 

greater  than  that  of  a  steam  driven  power  pump  and  for  that  reason 
umps  are  not  considered. 

well  pumps  are  usually  equipped  with  gears  and  levers  combined  and 
3d  with  the  driving  rods  of  the  pump,  forming  what  is  called  the  pump 
e  object  of  which  is  to  convert  and  transmit  the  circular  motion  of  the 
power  to  the  driving  rods  of  the  pump.  The  engine  or  motor  is  usually 
9d  to  tlra  pump  head  by  belts,  but  may  be  connected  by  means  of  gears. 
>  cases  steam  heads  are  provided  in  the  place  of  the  pump  head. 
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loss  of  energy  in  the  pump  and  transmisson.  The  horsepower  developed 
within  the  engine  itself  is  the  indicated  horsepower,  and  must  be  greato*  thaa 
the  brake  horsepower  to  allow  for  the  energy  loss  in  the  engine  itself.  Gaacriiiia 
engines  and  motors  are  rated  on  brake  horsepowOT,  but  gasoline  engines  are 
frequently  over-rated.  Steam  engines  are  rated  on  indicated  horsepower. 
The  combined  efficiency  of  a  pumping  plant  represents  the  ratio  of  the 
useful  water  horsepower,  to  the  rated  horsepower  of  the  engine,  and  will  Tsiy 
considerably  with  the  type  of  pump,  method  of  connection  of  engine  wltii 
pump  and  the  care  taken  in  opeiating  both  pump  and  engine  at  the  proper 
speed.  In  ordinary  field  practice  a  good  pumping  plant,  properly  installed, 
should  easily  reach  the  efficiency  given  in  Table  XXIX: 


Table  XXIX. — Efficiency  of  CBNTRiFUOAii  Pumpinq  Plants  and 

Horsepower  Per  Foot  of  Lift 

No.  cen-  Discharge,  Water 

trifugal  U.  S.  gals.  h.p.  per         Efficiency,  Brake  Ildw 

pump  per  min.  ft.  of  lift  pot.  per  ft.  Eft 

2     100  .025  30  .081 

2H 150  .038  35  .11 

3 225  .057  40  .14 

3H  300  .08  45  .18 

4 400  .10  45  .22 

6 700  .17  60  .84 

6 900  .23  60  .46 

7 1,200  .31  60  ,02 

8 1.600  .41  55  .76 

The  efficiency  of  power  plunger  pumps  varies  with  the  size  of  the  immp  and 
with  the  lift.  A  greater  efficiency  is  obtained  with  the  higher  lifts  and  with  ttai 
larger  sizes.  The  efficiencies  of  properly  installed  plunger  pumps  and  tte 
horsepower  for  various  lifts  are  given  in  Table  XXX. 

Table  XXX. — Brake  Horsepower  Rbquibbd  to  Operatb  Plungbb  Pum 

Diam- 
eter of  Length  of  Capacity  in 

cylinder  stroke  U.  H.  gals.  — Efficiency  and  brake  hp.  for  lifts  dF^ 

ins.  ins.  per  min.  50  ft.  100  ft.  150  ft.  200  ft.  260  ft. 

«  .  ifi        /E.  0.30  0.40  0.42  0.45       0.46 

^  ^  l»        JHp.  0.75  1.1  1.6  2.0         2.5 

.  .  oo        JE.  0.35  0.50  0.60  0.66      0.65 

^  ^  ^^        iHp.  1.2  1.5  2.0  2.6        8.1 

.  f.  Kn        }^'  0-35  0.50  0.60  0.66       0.66 

^  o  QO        <jjp  19  2.5  3.1  4.0         4.8 

R  ft  .7-  JE.  0.40  0.55  0.65  0.70  O.TO 

o  ^  70  ^Hp.  2.4  3.5  4.4  6.6  6.7 

-  fi  (wv  jE.  0.40  0.55  0.65  0.70  0.78 
^  ^  ^  \Hp.  2.8  4.1  5.2  6.6  7.8 
A  Q  101  jE.  0.45  0.60  0.65  0.70  0.7S 
^  ^  "^  IHp.  3.6  5.5  7.5  9.3  11.4 

-  fi  lan        J'P"         0.A5       0.60       0.65       0.70       O.H 
7                   8  ISO        <jjp        5Q         75       IQ  5       13  Q       15  5 

•»  tn  9in  JE.  0.50      0.63      0.70  0.76      0.78 

^  *"  ^^^  \Hp.  5.25      8.0  11.0  14.0  17.0 

fi  ^^  o7n  JE.  0.50  0.65      0.70  0.76      0.78 

*  ^^  ^'^  \Hp.  6.75  10.26  14.50  18.26  22.1 

Q  in  '^±c\  /E.  0.50  0.65  0.70  0.76      0.78 

^  ^"  "**"  \Hp.  8.5  13.0  18.0  23.0  28.0 

The  plant  efficiency  of  deep  well  pumping  plants  as  ordinarily  installed  ao^ 
operated  was  found  from  measurements  made  in  a  number  of  pumping  plaof 
in  southern  California  to  be  from  35  to  55  per  cent.  With  proper  installatk* 
and  operation  the  plant  efficiency  or  ratio  between  useful  water  bmseiW 
and  brake  horsepower  should  be  from  50  to  65  per  cent. 
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The  plant  effldency  of  air  lift  pumps  expressed  as  the  ratio  between  the 
useful  water  hors^>ower  and  the  indicated  horsepower  in  the  engine  cylinder 
was  found  from  test  on  a  number  of  such  plants  in  southern  California  to 
average  a  little  less  than  20  per  cent. 

Type  of  Engine. — Tables  XXIX  and  XXX  will  give  the  size  of  the  engine. 
The  driving  power  must  be  either  a  gasoline  engine,  steam  engine,  or  electric 
motor.  The  methods  of  connecting  the  engine  with  the  pump  have  been 
already  considered.  Other  factors  being  equal  direct  connection  is  preferable 
when  possible. 

For  small  plants  irrigating  a  few  acres,  the  steam  engine,  although  very 
reliable,  is  not  so  conmionly  used  as  the  gasoline  engine  except  where  coal  or 
oil  is  very  cheap  as  compared  to  gasoline.  However,  for  larger  areas  and 
where  coal  or  oil  is  cheap,  it  may  be  cheaper  than  either  a  gasoline 
engine  or  electric  motor.  For  large  plants  operated  continuously  it  may 
be  economy  to  install  an  efficient  boiler  and  a  high  grade  compound 
condensing,  triple  expansion,  or  quadruple  expansion,  steam  engine,  in 
order  to  decrease  the  fuel  cost.  For  small  plants  operated  only  for  short 
periods  during  the  irrigation  season  it  is  much  more  important  to  decrease 
the  cost  of  installation.  The  interest  on  the  capital  invested  and  the  depre- 
dation of  the  plant  are  very  important  items  of  cost  as  compared  to  the 
fuel  cost.  For  these  reasons,  imless  the  acreage  is  large  and  the  lift  very 
high,  the  steam  plant  will  consist  of  a  semi-portable  locomotive  type  boiler 
and  an  ordinary  slide  valve  steam  engine. 

6.  First  Cost  of  Plant. — The  first  cost  of  a  pumping  plant  depends  on  the 
grade  of  machinery,  the  cost  of  transportation,  the  expense  of  installation. 
Because  of  these  factors  accurate  estimates  of  cost  cannot  be  given.  However, 
the  approximate  cost  values  given  below  in  Tables  XXXI,  XXXII  and 
XXXIII  will  be  of  value  to  the  land  owner  who  is  considering  the  feasibility 
of  a  pumping  plant.  The  values  given  represent  the  prices  at  the  factory  and 
do  not  include  transportation  and  installation. 

Tabuc  XXXI. — Approximate  Cost  of  Single  Stage  Centrifugal  Pump 

No.  of  pump                   Capacity  in  gals,  per  min.  Cost 

2  100  I  42 
2H  150  51 

3  225  57 
3^  300  65 

4  400  75 

5  700  85 

6  900  115 

7  1.200  145 

8  1.600  170 

\        The  cost  of  two  step  centrifugal  pumps  of  the  same  sizes  will  be  about  four 
thou  the  values  given  above. 

Table  XXXII. — Approximate    Cost   of    Triplex    Single    Acting    Power 

Pump 

Diameter  of      Length  of  Capacity  in  Height  of 

vi^ter  cyUnder  stroke  in  ins.      gals,  per  min.  lift,  ft.  Cost 

4  8  65  75  to  100  $17 

5  10  130  100         250 
eo*|       6         12          220  100         340 

4  6  48  175  225 

6  8  91  175  325 
t^^'  I  7  8  180  175  450 
r*pc*'t       8  10  270  175  700 

8         12  310         175         750 


:i 
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Table  XXXIII. — Appboximatb  Cobt  or  Elbctrio  Motobs  Gabounx  ENOxm 
AND  Simple  Slide  Valve,  Non-condensing  Steam  Enginxb,  with  Loco- 

MOTIVB   BOILEB  AND  AUXILIABIBB 

Cost  of  electric 
motors,  1,200  rev.       Coet  of  gasoline  Coet  of  steam 

Horsepower  per  minute  engines  engines 

2  $  70  

3  85  

5  110  $375  S     500 

10  200  550  625 

15  230  700  800 

20  320  850  925 

25  360  1,000  1,000 

30                             1,200  1,200 

40  450  1,600  1.350 

Co8t  of  Accessories  and  InstaUatton. — The  costs  given  in  Tables  XXXI, 
XXXII  and  XXXIII  are  for  the  pumps  and  engines,  and  do  not  include  tbe 
accessories,  the  foundation,  the  labor  of  installation,  and  the  housing.  For  an 
electric  plant  the  cost  of  transformers  should  be  added  unless  these  are  supidled 
by  the  electric  company.  The  accessories  will  include  the  suction  and  dis- 
charge pipes,  the  valves  and  fittings,  the  priming  pump,  the  connectioo 
between  pump  and  engine.  The  suction  pipe  is  usually  made  of  steel;  the 
discharge  pipe  may  be  steel  or  wood  banded  pipe  and  should  cost  delivered  u 
given  in  table  XXXIV. 

Table  XXXIV. — Cost  op  Pipes  Sape  por  150  Feet  Head 

Cost  per  foot  of  steel 
pipe 

$  .30 
.60 
.80 
1,10 
1.35 
1.60 
2.00 
2.50 
3.00 

For  a  rough  estimate  the  total  cost  of  valves,  priming  pump,  all  fittings  aiid 
suction  pipe,  but  not  discharge  pipe,  may  be  taken  as  about  10  per  cent  of  tba 
cost  of  pump  and  engine  for  a  gasoline  or  steam  plant  and  20  per  cent  for  aa 
electric  plant.  The  cost  of  installation  should  not  exceed  5  per  cent.  TJw 
cost  of  a  building  to  house  the  plant  will  range  from  about  $25  for  a  small  plaat 
to  $100  or  more  for  a  larger  plant.  The  cost  of  transportation  and  hauUilK 
will  depend  on  the  railway  charge  and  on  the  distance  from  tlie  station  to, 
point  of  installation. 

6.  Fuel  Consumption  and  Fuel  Cost. — The  selection  between  a  steam  englnet 
gasoline  engine  and  an  electric  motor  will  depend  to  some  extent  on  tbe 
comparative  cost  of  coal,  gasoline  and  eletrical  energy. 

A  gasoline  engine  is  usually  guaranteed  for  a  fuel  consumption  of  H  S*^ 
per  rated  or  brake  horsepower  per  hour.    A  new  engine  well  adjusted  will 
come  up  to  this  efficiency,  but  an  engine  that  has  been  operated  some  tiine  ' 
will  consume  about  H  gal.  of  engine  gasoline  or  distillate  per  brake  horaepoiitf 
per  hour. 

The  fuel  consumption  of  a  steam  engine  will  vary  greatly  on  the  type  f^ 
boiler  and  engine.    A  small  slide  valve  non-condensing  en^^ne  under  25  IV* 


Cost 

per  foot  of  wood 
banded  pipe 

Diameter  of  pipe. 

inches 

4 

$  .20 

6 

.30 

8 

.40 

10 

.55 

12 

.65 

14 

.75 

16 

.95 

18 

1.10 

20 

1.44 
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will  use  probably  60  io  60  lbs.  of  steam  per  brake  horsepower  per  hour.  A 
iocomotlYe  type  oi  boiler  should  give  5  or  6  lbs.  of  steam  for  1  lb.  of  coal  or 
about  0.6  lb.  iA  oil.  Therefore,  a  small  steam  engine  imder  25  hp.  should 
consume  10  lbs.  of  coal  pw  brake  horsepower  per  hour  or  about  6  lbs.  of  oil. 
Steam  engines  of  the  same  type  from  30  to  50  hp.  will  consiune  from  8  to  5 
lbs.  of  coal  per  brake  hors^ower  per  hour  or  from  5  to  3  lbs.  of  oil. 

Electrical  energy  is  measured  in  kilowatts.  A  killowatt  is  equal  to  1^  hp., 
but  because  of  the  loss  of  energy  in  the  motor,  1  kilowatt  will  usually  give 
about  1.1  brake  hors^ower.  Based  on  this  figure  1  brake  horsepower  hour 
is  equal  to  Ko  of  a  kilowatt  hour. 

The  above  values  show  that  to  produce  1  brake  horsepower  per  hour  requires 
either  ^i  gal.  of  distillate,  about  10  lbs.  of  coal,  or  6  lbs.  of  oil,  or  Ho  of  a 
kilowatt  hoiur.  Based  on  these  figures  Table  XXXV  shows  the  cost  of  fuel 
per  brake  horsepower  per  hour  for  several  equivalent  cost  values  of  fuel.  In 
the  table  is  also  given  the  fuel  cost  of  pumping  one  acre  foot  of  water  through 


Table  XXXV 

- 

TPrtt 

««WVtfk1.«^'««^         «««««4 

k         Jtt^^^^A        ^^* 

*---i 

~j.-\ 

Cost  of 

■  J7  uei  cosb  ^m  ce^ i«p / 

Per  acre  foot  of 

Gasoline, 

Crude  oil 

electric. 

Per  brake  water  lifted  1  foot  high 

cents 

per  bbl. 
(335  lbs.) 

Coal  per 

cents  per 

hp.  per     50  per  cent  75  per  cent 

per  gaL 

ton 

K.W.  hour 

hour           efficiency 

emcieDoy 

6 

$  .55 

$2.00 

•  •  •  • 

1.00               2.75 

1.83 

8 

.75 

2.66 

•  *  •  « 

1.33                3.70 

2.45 

10 

.93 

3.33 

1.85 

1.66               4.60 

3.05 

12 

1.12 

4.00 

2.22 

2.00               5.50 

3.66 

14 

1.30 

4.66 

2.60 

2.33               6.40 

4.25 

16 

1.50 

5.33 

3.00 

2.66               7.30 

4.90 

18 

1.67 

6.00 

3.-33 

3.00               8.25 

5.50 

20 

1.85 

6.66 

3.70 

3.33               9.15 

6.10 

22 

2.05 

7.33 

4.10 

3.66             10.10 

6.70 

24 

2.25 

8.00 

4.35 

4.00             11.00 

7.35 

26 

2.42 

8.66 

4.80 

4.33              11.80 

7.95 

'\ 


\ 


7.  Fixed  Charges  and  Attendance,    A.    Fixed  Charges. — The  cost  of  installa- 
tion represents  a  capital  which  if  invested  would  bring  in  au  income  repre- 
sented by  the  interest.    It  is  therefore  necessary  to  consider  this  interest  as 
part  of  the  cost  of  operation.   To  this  should  be  added  the  annual  cost  of  repairs 
maintenance  and  renewal.    These  items  of  cost  represent  the  fixed  charges. 
After  six  or  eight  years  a  gasoline  engine  may  need  to  have  its  cylinder 
rebored  and  a  new  piston  provided,  the  cost  of  which  is  about  one-fourth 
the  cost  of  a  new  engine.    With  ordinary  care  the  life  of  a  gasoline  engine 
may  be  taken  as  10  years;  the  life  of  an  electric  motor  about  15  to  20  years. 
The  fixed  charges  on  the  entire  plant  may  be  taken  as  follows: 

Gasoline  Steam 

engine        Electric  engine  plant 
plant  plant  (small) 

depreciation  and  renewal * 8%  5%  8% 

fep&irs  and  maintenance 3  1  2 

interest 6  6  6 


-,-.v- 


17%  12%  16^0 


B.  Attendance, — ^An  electric  motor  requires  a  minimum  of  attendance, 

y^ '  J    toaSi  gasoline  plants  require  frequent  inspection,  and  steam  engines  require 

^^^derable  attention  and  usually  cannot  be  economically  used  for  small 


606  HANDBOOK  OF  CONSTRUCTION  COST 

plants  operated  during  short  periods.  The  cost  of  attendance  far  an  electrie 
motor  pumping  plant  should  not  exceed  5  cts.  per  hour,  for  a  gascdine  engine 
plant  10  cts.  per  hour,  and  for  a  steam  engine  plant  30  cts.  per  hour.  WhQe 
electric  motors  and  gasoline  engines  are  usuaUy  operated  by  the  oichaidiBt 
or  irrigator,  his  time  is  valuable  and  a  charge  should  be  made  for  it. 

8.  Final  Selection  of  Type  of  Plant, — The  final  selection  of  a  pumirillg 
plant  should  be  based  on  a  careful  consideration  of  the  factors  .stated  above. 
The  best  size  of  plant,  the  period  of  operation,  the  kind  of  engine  or  driving 
power,  can  only  be  correctly  determined  by  a  final  consideration  of  a  cost 
of  installation  and  cost  of  operation.  Where  electric  power  is  available,  the 
choice  is  between  a  steam  engine,  a  gasoline  engine  and  an  electric  motor. 
The  electric  motor  requires  minimum  attendance.  It  is  reliable  and  its 
first  cost  is  much  less  than  that  of  a  gasoline  or  steam  engine.  For  these 
reasons  if  electric  power  is  available,  an  electric  motor  is  preferable  and 
will  prove  far  more  economical  even  should  the  cost  of  electrical  energy  be 
higher  than  the  fuel  cost  for  a  gasoline  or  steam  engine. 

The  application  of  the  above  information  &nd  cost  data  to  any  particular 
case  is  illustrated  by  the  following  examples: 

A  20-acre  orchard  is  to  be  irrigated  by  pumping  from  a  surface  body  of 
water  requiring  no  wells.  The  quantity  to  be  applied  is  6  ins.  per  month,  and 
the  total  depth  in  one  season  18  ins.  The  lift  is  50  ft.  and  the  discharge  pipe 
200  ft.  long.  Engine  gasoline  or  distillate  costs  12  cts.  per  gallon.  Assuming 
the  pump  is  operated  one-third  of  the  time  or  ten  24-hour  days  each  month. 
this  will  require  a  pump  capacity  of  225  gals,  per  minute,  which  is  obtained 
with  a  No.  3  centrifugal  pump  and  7  hp.  engine.  The  discharge  pipe  will  be 
4  ins.  in  diameter.  The  first  cost  and  total  cost  of  operation  will  be  about  is 
follows: 

First  Cost  of  Plant 

No.  3  centrifugal  pump $  67 

7  hp.  gasoline  engine 460 

Priming  pump,  suction  pipe,  fittings,  etc 60 

Freight  charges  and  hauling 30 

Wood  band^  discharge  pipe,  200  ft.  of  4-in 40 

Installation,  5  per  cent  of  coat 86 

Building  to  house  plant 40 

Total  cost $702 

Total  Annual  Cost  of  Opbration 

Fuel  cost  of  7  brake  hp.  engine  for  3  periods  of  10  dasrs  each 

or  720  hours  =  720  X  7  X  0.02 $100 

Fixed  charges  at  17  per  cent  of  first  cost 120 

Attendance,  720  hours  at  10  cts 72 

Total  cost  for  20  acres $292 

Cost  per  acre,  $15. 

Where  electric  power  is  obtainable,  the  first  cost  of  plant  and  annual  cort 
of  operation  for  same  conditions,  assuming  the  unit  cost  of  electric  power  to  M 
3  cts.  per  kilowatt  hour,  would  be: 

First  cost  of  plant $875 

Total  cost  of  operation  (annual) 216 

Cost  of  operation  per  acre 11 

Tables  XXXV  and  XXXVI  show  the  first  costs  of  gasoline  engine  panqM 
plants  and  the  costs  of  operation  for  orchards  of  20,  40  and  80  tcrai  lof  10* 
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*  50  ft.  and  150  ft.,  ftnd  for  different  periods  of  operation.  For  the  higher 
rt8  single  acting  triptex  pumps  are  used.  The  costs  given  are  based  on  gaso- 
M  at  12  cts.  a  gaUon,  for  a  depth  of  irrigation  of  18  ins.  f6r4he  lower  lift  and 
3pths  of  18  ins.  and  12  ins.  for  the  higher  lift,  it  being  assumed  that  by  careful 
le  of  water,  if  the  soil  is  retentive,  12  ins.  may  be  sufficient.  The  discharge 
pe  is  assumed  to  be  200  ft.  long. 

# 

▲Bx.a  XXXVI. — Cost  of  Puifpma  with  Qasouni  Enoinss  and  Cbmtbi- 
ruGAi.  Pumps  roa  fiO-FOor  Lift,  Qasouns  12  Cbnts  ▲  Gallon 

Annual  cost  (rf  operating  per  acre; 

-18  Ins.,  depth  of  water  applied- 

I"*      t     ^ 


il 


•ga    « 


o 


*  « "*  >»      ^  ft     fe 

20  5H       400      4         12       $     970     $4.80     $8.25     $1.90    $14.96 

10  225       3  7  700       6.10       6.00       3.60       14.70 
20           118       2           5             600       7.00       5.00       7.20       19.20 

40  6  900       6         25  1.575       4.50       6.70         .90       12.10 

11  400      4         12  970       4.80       4.10       2.00       10.90 
20           226      3           7  700       5.10       8.00       2.60       11.70 

80  10  900       6         25  1.575       4.50      3.35         .90         8.85 

22  400      4         12  970      4.80       2.05       2.00         8.85 

'abls  XXXVII. — Cost  of  Pumping  with  Gasolinx  Enqinbb  and  Singlb 
Acting   Tbiplsx   Pumps   for   150-foot  Lift 

Annual  cost  of  operation  per  acre  for  a 

depth    or    irrigation,     water    of: 
18    inones 12  ins. 


I  m  i«  i'S  ?i   -s   1  I   3   3 

I  d2§        &-       oa        .^g  ^  ^  ^  o  o 

20              8U       270       15       $1,850  $  9.90  $15.75  $3.00  $28.65  $24.35 

1,375  9.90  11.70  4.50  26.10  21.30 

1.025  10.90  8.70  9.00  28.60  22.00 

40            133^       340       18         2.200  8.70  9.35  2.40  20.45  16.75 

1,850  9.90  7.90  3.00  20.80  16.50 

1,375  9.90  5.85  4.50  20.25  15.45 

80           26H       840       18         2.200  8.70  4.70  2.40  15.80  12.10 

• 

The  capacities  of  pumps,  especially  plunger  pumps,  and  the  sizes  of  engines 
^  with  the  different  makes,  and  for  that  reason  the  sizes  given  are  not 
^tways  obtainable,  but  sizes  approximating  these  can  be  used  in  place. 

The  tboye  cost  estimates  are  only  approximate.  They  are  based  on  the 
^BBOditloos  stated  above  and  are  not  applicable  to  all  cases  because  of  the 
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varying  conditions  which  make  the  installation  of  neaiiy  every  pumping  pUuot 
a  special  problem.  The  estimates  are  made  for  gasoline  engines  and  are  oaor 
siderably  higher  than  for  electric  motors.  The  first  example  showed  that  with 
an  electric  plant  the  cost  of  pmnping  was  only  73  per  cent  of  the  cost  with  i 
gasoline  plant.     The  tabulated  values  show  the  following  interesting  results: 

(1)  The  cost  per  acre  of  pumping  is  much  larger  for  a  small  area  than  for  a 
large  area. 

(2)  The  cost  per  acre  does  not  vary  considerably  with  the  period  of  openh- 
tion,  and  in  some  cases  a  plant  moderately  large  operating  for  a  shorter  period 
will  cost  less  per  acre  than  a  smaller  plant  operating  a  longer  period.  This  is 
due  to  the  lower  fuel  cost  with  the  larger  and  more  efficient  plant  and  the 
decreased  cost  of  attendance  for  the  shorter  period  of  operation  which  ow- 
balance  the  larger  fixed  charges.  Even  should  the  resulting  cost  J»  smalltf 
for  the  smaller  plant,  the  inconvenience  due  to  pumping  for  a  long  period  and 
the  extra  labor  in  irrigation  may  overbalance  the  saving  tn  cost. 

(3)  For  the  lifts  assumed  a  period  of  oi)eration  equal  to  about  ten  24-bour 
days  during  the  month  of  one-third  of  the  time  during  the  irrigation  season 
seems  to  be  preferable  with  the  centrifugal  pump.  With  the  higher  price 
triplex  plunger  pumps  a  period  of  operation  of  one-third  to  two-thirds  of  the 
time  is  preferable. 

Co-operative  Pumping. — The  lower  cost  per  acre  for  larger  areas  shows  the 
advantage  to  be  gained  by  co-operation  between  small  owners.  By  uniting 
and  installing  a  large  plant  instead  of  deveral  smaller  plants,  the  cost  of  install- 
ation and  operation  is  very  much  reduced,  and  the  plant  can  be  given  mon 
competent  attention,  which  relieves  the  orchardist  and  increases  the  life  of 
the  plant.  Where  by  such  co-operation  several  hundred  acres  can  be  brought 
together,  a  central  steam  plant  to  generate  electric  power,  which  is  transmitted 
to  the  several  electric  motor  pmnping  plants,  is  the  most  economical  and  best 
solution. 

For  separate  plants  above  20  or  40  hp.,  gas  producer  plants  cormected  to  gu 
engines  will  furnish  the  cheapest  power.  These  plants  are  reliable  and  smDj 
operated.  They  consist  of  the  producer  in  which  hard  coal  is  placed  and 
through  a  process  of  partial  combustion,  in  the  presence  of  air  and  steam, 
forms  the  gas  which  operates  the  engine.  Gas  producers  operated  on  hard 
or  anthracite  coal  have  been  in  successful  operation  for  a  number  of  jma, 
and  those  operated  on  soft  or  bituminous  coal  and  on  oil  are  coming  into  usBb 
but  are  still  in  the  experimental  stage.  The  fuel  consumption  is  very  low, 
usually  from  1  to  H  lbs.  of  coal  or  K  to  IM  gals,  of  crude  oil  per  horsepower  for 
one  hour;  or  >^  to  ^i  ct.  per  horsepower  for  one  hour  with  hard  coal  at  $10 
per  ton  and  about  H  ct.  with  oil  at  2  cts.  a  gallon.  This  is  from  2H  to  6  ttanaf 
leis  than  the  fuel  cast  with  gasoline  at  12  cts.  a  gallon.  Producer  gas  planH 
are  much  expensive  than  gasoline  engines  and  for  small  plants  the  fuel  ewmq"? 
will  be  overbalanced  by  the  larger  interest  and  depreciation  charges.  For 
very  large  single  plants,  high  duty  steam  engines  will  be  the  most  economlcsl 
form  of  installation. 

Limits  of  Economical  Pumping. — The  cases  previously  worked  out  for  giao* 
line  engine  pumping  plants  show  that  for  small  tracts  of  20  to  80  acres  thi 
cost  of  lifting  sufficient  water  to  give  a  depth  of  irrigation  water  of  18  iBi- 
will  range  for  a  lift  of  50  ft.  from  about  $8.85  per  acre  for  the  larger  azea  10 
about  $15  per  acre  for  the  smaller  area,  and  for  lifts  of  150  ft.  the  reqMCtlVi 
costs  are  about  $15  and  $25  per  acre.  These  costs  may  seem  high  as  compaMl 
with  gravity  water,  but  to  obtain  an  idea  of  the  economy  and  t&uOiOltf  d 
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;  water  by  pumping,  ccxnparisons  must  be  made  with  the  yalue  of 
ligation  water  in  the  same  conditions.  Except  in  soutliemCali- 
»  to  a  few  years  ago  gravity  water  without  pumping  has  been 
>.  For  that  reason  pumping  has  not  been  necessary,  and  compara- 
7  pumping  plants  have  been  constructed.  However,  water  is 
more  valuable  and  the  steps  which  many  irrigation  companies  are 
conserve  water  and  prevent  losses  of  transportation  by  carrjing  the 
concrete-lined  canals  and  in  pipes  constructed  at  considerable 
show  that  in  some  localities  at  least,  wat^  has  become  sufficiently 
to  justify  pumping.  If  a  comparison  is  made  with  water  thus 
^e  find  that  the  cost  of  construction  of  a  well  constructed  system  may 
50  or  $60  an  acre  and  even  higher.  This  cost  is  charged  up  to  the 
1  is  sold  to  the  orchardist  and  in  addition  reasonable  profit  is  made 
iue  of  the  land.  It  is  probably  conservative  to  assume  that  land 
rrigation  system  in  localities  well  developed  and  where  irrigation  is 
will  cost  at  least  $100  an  acre  more  than  similar  land  for  which 
gravity  supply.  The  chief  advantage  of  gravity  systems  is  the  low 
t  of  operation,  usually  less  than  $2  or  $3  per  acre,  although  in  some 
fty  be  as  much  as  $5  i)er  acre  or  more,  but  if  to  this  be  added  the 
.  the  difference  in  cost  between  land  under  the  irrigation  system  and 
1  is  to  be  supplied  by  pumping,  assumed  at  $100,  the  total  annual 
)e  $10  to  $15  an  acre.  This  is  about  equal  to  the  cost  of  pumping 
ine  engines  to  a  height  of  50  feet  and  about  half  as  large  as  for  lifts 
Where  electric  power  is  available  or  for  large  pumping  plants  the 
nping  would  compare  very  favorably  with  gravity  water,  even  for 
I  than  those  stated  above. 

the  advantages  of  underground  pumped  water  as  compared  to  water 
rom  a  gravity  irrigation  system  are: 

mderground' supply  is  more  reliable  and  is  not  likely  to  be  deficient 
end  of  the  irrigation  season, 
irrigator  is  independent  and  controls  his  own  water  supply,  and  is 

0  irrigate  his  crops  at  the  best  time, 
underground  water  is  free  from  the  seeds  of  weeds. 

eration  of  pumping  in  some  of  the  well  developed  irrigated  districts 
jst  to  show  Its  feasibility.  In  eastern  Washington  water  is  being 
one  case  to  an  elevation  of  250  ft.  above  the  source  of  supply.  In 
district  of  southern  California  lifts  above  200  ft.  are  not  unusual, 
onsidered  profitable  to  pump  460  ft.  In  the  Pomona  district  of 
/alifomia  the  cost  of  pumped  water  averages  $15  per  acre  for  one 
rhen  purchased  from  irrigation  companies,  while  for  smaller  private 
cost  is  often  greater.     In  1905  the  Irrigation  Investigations  Office  of 

1  States  Department  of  Agriculture  made  tests  on  various  pumping 
these  show  that  the  cost  of  pumping  at  private  plants  of  10  to  100 

fts  of  100  to  300  ft.,  varied  from  $10  to  $90  per  acre  for  one  acre  foot 

a  limit  beyond  which  it  is  not  economically  feasible  to  pump.  In 
•nia  citrus  districts  lifts  above  400  ft.  have  been  considered  profitable, 
chard  lands  of  the  Northwest  equally  high  lifts  should  be  profitable, 

return  per  acre  from  a  good  apple  orchard  is  usually  more  than  that 
rus  orchard.  A  citrus  orchard  10  years  old  should  average  a  net 
100  to  $150  per  acre.  The  net  profits  from  apple  orchards  10  to  12 
in  the  Yakima  Valley  are  given  in  bulletins  of  the  United  States 
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Department  of  Agriculture  as  $200  to  $600  per  acre.  With  profits  larger  thia 
those  obtained  from  citrus  orchards  in  southern  California,  what  hau  been 
considered  feasible  in  pumping  there,  is  at  least  equally  so  for  apple  orchaidi 
or  other  valuable  crops  when  no  other  more  economical  source  of  water  supply 
is  available.  However,  for  small  pumping  plants  and  small  areas  it  is  imS 
not  to  exceed  200  ft.,  while  the  larger  plants  lifts  of  400  ft.  may  be  econcxmlcaUy 
feasible. 

First  Cost  and  Cost  of  Operation  of  Irrigation  Pumping  Plants. — The  foUoiT' 
ing  data,  published  in  Engineering  and  Contracting,  June  2,  1916,  are  eoD- 
densed  from  a  paper  by  H.  D.  Hanford  in  the  proceedings  of  the  WashingtOD 
Irrigation  Inst. 

Plant  Co8t8. — ^As  a  basis  for  the  figures,  the  representative  of  a  weU-knovn 
manufacturer  was  asked  to  give  prices,  efficiency  and  other  data  on  both  oeD- 
trif  ugal  and  triplex  power  pumps,  ranging  in  capacity  by  the  hundred  gaUoOBi 
from.  100  to  500,  inclusive,  a  minute,  and  for  heads  of  25,  50,  100  and  200  ft. 
Taking  these  prices  as  a  basis,  and  adding  the  cost  of  motor,  fittings,  erecttoB 
and  building,  we  have  the  following  schedule  of  plant  costs: 


Direct  Connected  Cbntrifttgal  Puups 


Capacity,  G.  P. 
100 
100 
100 
100 
200 
200 
200 
200 
300 
300 
300 
300 
400 
400 
400 
400 
500 
500 
500 
500 

Capacity  G.  P. 
100 
100 
100 
200 
200 
200 
300 
300 
300 
400 
400 
400 
500 
500 
500 


M. 


Head 

25 

50 

100 

200 

25 

50 

100 

200 

25 

50 

100 

200 

25 

50 

100 

200 

25 

50 

100 

200 


Size 
2Jl8-in. 
2-in. 
2-in. 
2-in. 
3-in. 
3-in. 

2H-in. 
2H-in. 

4-in. 

3-in. 

3-in. 

3-in. 

6-in. 

4-in. 

3-in. 

4-in. 

5-in. 

4-in. 

4-in. 

5-in. 


2S 


2S 


2S 


2S 


2S 


Belt  Drfven  Triplex  Pumps 


M. 


Head 

50 
100 
200 

50 
100 
200 

50 
100 
200 

50 
100 
200 

50 
100 
200 


Size 


10  X 


Cost  of  plant 
$  407.00 
360.00 
479.00 
715.00 
SfiO.OO 
550.00 
600.00 
875.00 
644.00 
644.00 
715.00 

1,034.00 
782.00 
698.00 
748.00 

1,249.00 
787.00 
766.00 
831.00 

1,624.00 

Cost  of  plant 
$  741.00 
764.00 
821.00 
1.216.00 
1,261.00 
1,319.00 
1.437.00 
1,617.00 
1.600.00 
1.877.00 
1.979.00 
2,065.00 
2.463.00 
2.610.00 
2,702.00 


In  comparing  the  schedule  note  that  in  a  number  of  Instances  the  oort  <^ 
plant  for  a  given  head  is  less  than  that  of  the  preceding  lower  head,  and  HbMi 
smaller  sizes  are  used, — these  are  not  errors.  In  centrifugal  iftunps,  tbe  cuptf 
city  within  a  certain  range  is  governed  by  the  design  <rf  the  tmpdtor  udtbi 
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,  and  not  by  the  diameter  of  the  discharge  nozzle.  Also  in  the  triplex 
s,  exactly  the  same  pmnp  is  offered  for  more  than  one  head.  The  total 
costs  are  also  affected  by  the  cost  of  motor  used,  which  varies  according 
i  speed,  the  slow  speed  motors  costing  considerably  more  than  those  of 
peed.  The  sizes  and  types  of  pmnps  and  motor  speeds  are  those  selected 
man  of  large  experience  in  irrigation  work;  and  while  better  selections 
be  made  in  some  cases,  the  list  represents  probably  average  practice, 
3  used  here,  is  a  fair  basis. 

rcuing  Costs. — In  arriving  at  a  basis  of  operating  costs  for  each  year,  the 
ing  assmnptions  were  made: 

That  the  irrigation  season  covers  the  period  from  May  1st  to  September 
inclusive. 

That  the  pumps  would  operate  24  hours  a  day  for  26  days  each  month, 
otal  of  130  days. 

That  the  pump  would  operate  624  hours  each  month. 
That  the  capacity  of  the  several  sizes  of  pumps  operating  on  the  above 
iile  would  be  as  follows  for  the  season: 

5  Acre  ft. 

illons  per  minute 67.  6 

illoDS  per  minute 115. 0 

lUons  per  minute 172. 0 

illons  per  minute 230. 0 

illons  per  minute 287.  5 

That  power  would  be  paid  for  on  the  meter  basis,  and  on  the  schedule 
in  the  Yakima  Valley. 

That  interest  on  investment  in  plant  be  figured  at  7  per  cent. 
That  depreciation  and  renewals  be  figured  at  7  per  cent. 
That  cost  of  supplies  be  taken  at  1  per  cent  of  cost  of  plant 
That  insurance  be  figured  at  1  per  cent. 
J  total  for  the  last  four  items  is  16  per  cent. 

leterminlng  final  costs  for  any  particular  location,  it  will  be  necessary 
I  the  charges  upon  whatever  pipe  line  is  required  to  deliver  the  water  to 
sired  point,  also  the  yearly  cost  of  water  right,  if  water  is  purchased  from 
h.     Estimated  costs  of  pumping  follow: 

Direct  Connected  Centripuqal  Pumps 

opacity,  in  gals.  Cost  per  acre-foot 

per  min.  Head,  in  ft.  pumped 

100  25  •  $2.24 

100  50  3.00 

100  100  4.93 

100  200  8. 17 

200  25  1.68 

200  50  2. 24 

200  100  3.68 

200  200  6. 59 

300  25  1.37 

300  50  1.93 

300  100  3.  16 

300  200  5. 57 

400  25  1.25 

400  50  1.74 

400  100  2.90 

400  200  4.99 

500  25  1. 11 

500    .  50  1.69 

500  100  2.65 

600  200  4. 82 
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st  af  Pumping  One  Acre  Fo 


Tin.  10.— CoBt 


bead  between  2!>  tt.  and  200  ft.  (or  the  centrifugal  pumpe  ot  the  reqioctlTC 
capacities,  and  for  heuda  between  50  tt.  uid  200  It.  for  the  triplei  pumpa.  On 
the  diagram,  the  centrifugal  piiiiipa  are  refiresented  bj  full  Unas,  aod 
the  triplex  pumpa  <>y  doited  Ujiea.  The  pohit  at  wbidi  tbe  full  Mil 
dotted  lines  of  the  same  capacity  cross,  Indicatea  the  approxlmBtA  b«Hl  M 
which  the  typeu  will  oiierate  with  equal  economy.  This  Is  110  ft.  fortlM 
pumpe  of  100  G.  P.  M.  capncily,  150  ft.  for  the  200  Q.  P.  M..  and  lOeft.fdT 
the  300  G.  P.  M.  Above  these  heads,  the  dlagnun  Indlotea  thmt  tlw  trtpks 
pumps  will  be  the  more  economical.  It  alio  ahowe  that  tor  the  40Q  O.  P.  M. 
capacity  the  types  balance  at  200  tt.  head;  uid  that  tor  the  SOD  a.  P.  H..  tta 
centrlf  ugst  is  the  more  economical  pump  within  the  range  o{  bMd  oouMmtA- 
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The  figures  and  diagram  clearly  show  the  lower  cost  per  acre  foot  as  the 
lize  and  capacity  are  increased.  This  leads  to  the  suggestion  that  where  con- 
iitions  are  favorable  for  serving  two  or  more  tracts  from  one  point,  that  it 
vill  be  economy  for  the  owners  to  join  in  building  one  plant  that  will  give  the 
>est  results,  rather  than  to  construct  two  or  more  plants  of  lower  efficiency  and 
ligher  cost  and  maintenance. 

Over  Head  Charges  for  Pumping  Plants  Used  for  Irrigation. — In  Engineer- 
Dg  and  Contracting,  Aug.  30,  1911,  the  following  is  given. 

The  rate  of  depreciation  of  pumping  plants  varies  through  an  enormous 
ange,  being  determined  largely  by  the  skill  and  care  of  the  attendant.  Many 
)lants  are  not  insured  at  all.     Averaging  all  conditions,  the  following  appears 

0  be  a  fair  estimate  of  therates  suitable  for  use  in  computing  the  fixed  charges 
>f  the  various  types  of  plants. 

Gasoline  engine  plants  Per  cent 

Depreciation 12  to  15 

nterest 6 

fazes  and  insurance '  1 

Average  total 20 

Motor-driven  plants 

Depreciation 7  to     9 

nterest 6 

Taxes  and  insurance 1 

Average  total 16 

Steam  plants  of  ordinary  type 

Depreciation 9  to  11 

nterest 6 

Taxes  and  insurance 1 

Average  total 17 

iighest  quality  steam  plants — average 12 

These  percentages,  determined  by  the  Office  of  Experiment  Stations,  De- 
)artment  of  Agriculture,  are  applied  to  the  first  cost  of  the  entire  pumping 
tation,  including  the  cost  of  wells. 

Cost  of  Small  Earth  Reservoirs  as  an  Adjunct  to  Electrically  Operated 
rrigation  Pumping  Plants. — Engineering  and  Contracting,  June  13,  1917, 
:ives  the  following  data: 

Earth  reservoirs  as  an  adjunct  to  electrically  operated  piunping  plants  are 
low  being  used  to  a  considerable  extent  on  small  individual  irrigation  develop- 
nents  in  southern  California.  In  the  territory  served  by  the  Southern 
lierras  Power  Co.  some  45  of  these  storage  basins  have  been  constructed  within 
he  past  two  years.  The  pumping  installations  in  general  operate  about  700 
lours  per  month  and  deliver  a  quantity  of  water  to  the  storage  basins  approxi- 
aately  equal  to  yi  in.  of  water  per  acre  imder  cultivation.  The  reservoir  is 
ocated  upon  the  highest  point  of  the  acreage  and  the  water  drawn  out  through 
he  pipe  line  as  needed. 

Three  general  types  of  reservoirs  have  been  constructed  during  the  past  two 
'ears.  The  least  expensive  of  these  is  a  basin  with  earthen  embankments. 
[Tiis  is  constructed  with  a  four-horse  team  and  f resno  and  the  bottom  is  sealed 
>y  puddling  with  clay,  adobe  or  manure.     One  of  these  basins,  120  X  120  X 

1  ft.  inside  dimensions,  clay  sealed  and  holding  450,000  gal.,  cost  $125. 
Another,  150  X  150  X  6  ft.,  holding  750,000  gal.,  cost  $147.  In  each  of  these 
;he  embankments  were  14  ft.  thick  at  the  base  and  3>^  ft.  at  the  top. 
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The  cement  basins  commonly  have  walls  6  in.  thick  at  the  base  and  4  in. 
at  the  top.  They  are  banked  around  the  exterior  with  earth.  One  of  these 
basins,  4  ft.  deep  and  75  ft.  in  diameter,  with  a  capacity  of  125,000  gal.,  was 
constructed  at  a  cost  of  $380.  This  basin  holds  water  for  the  irrigation  of  23 
acres  of  alfalfa  and  4  acres  of  garden  truck.  The  pumping  installation  con- 
sists of  a  5-hp.  motor  and  a  2-in.  horizontal  pump.  This  outfit  deUveis  water 
at  the  rate  of  140  gal.  per  minute.  The  total  expense  of  irrigation  in  this  case 
is  $250  per  year. 

The  third  type  of  earth  reservoir  Is  a  basin  rendered  watertight  by  fipraying 
the  bottom  and  sides  with  oil  or  by  applying  a  coat  of  cement  or  lime  plaster. 
This  plaster  lining  is  from  H  to  1  in.  thick  and  is  applied  after  the  soil  has  been 
thoroughly  tamped.  Two-inch  mesh  chicken  wire  is  spread  oyer  the  bottom 
and  sides  of  the  basin  prior  to  the  application  of  the  plaster.  The  plasteilnc 
costs  about  6  ct.  per  square  foot. 

In  sealing  the  earth  reservoir  by  spraying  with  oil  the  best  results  have  been 
obtained  by  using  heavy  crude  oil  with  not  less  than  90  per  cent  asphaltum* 
heating  this  from  400  to  450°  and  pumping  it  on  the  ground  under  pressure  In 
the  form  of  a  spray,  then  following  this  up  with  sand,  which  is  spread  over  tbe 
oil.  This  latter  feature  is  very  essential,  especially  on  the  banks.  Bert 
results  are  obtained  with  two  coatings  of  oil,  in  all  about  K  g&l-  per  squaie 
yard.  The  oil  costs  from  $2  to  $3  per  barrel  put  on,  depending  upon  tbe  dit- 
tance  to  be  hauled.  It  is  delivered  to  the  job  in  motor  truck  loads,  each  of 
about  25  bbl. 

The  success  of  construction  work  of  this  Idnd  depends  upon  the  thomui^ 
ness  with  which  the  work  is  done.  The  soil  should  be  worked  over  very  can- 
fully  and  raked  with  a  fine  rake,  eliminating  any  large  lumps,  etc.,  that  might 
be  either  in  the  bottom  or  on  the  banks.  A  second  coat  of  oil  has  proven  wy 
efficient  in  making  the  reservoir  tight.  It  must  be  borne  in  mind,  however, 
that  the  oil  used  should  be  asphaltum  residue  of  very  heavy  specific  giavity, 
about  the  consistency  of  heavy  coal  tar.  The  sifting  of  the  soil  and  sand  on 
the  hot  asphaltum  keeps  it  from  running  until  it  has  an  opportunity  to  eool 
and  thus  gives  it  a  better  body  to  keep  it  in  place. 

One  of  these  oil-sealed  basins,  holding  500,000  gal.  of  water,  was  constructad 
in  1916  at  a  total  cost  of  $350.  The  sealing  required  75  bbl.  of  oil  and  cost 
$160;  construction  cost  $147,  and  the  gates,  inlet  and  discharge  pipes  cost  SSS. 
This  basin  is  operated  in  conjunction  with  a  direct  connected  plant  consistinf 
of  a  25-hp.,  400-volt,  3-phase  Westinghouse  motor  and  a  special  4-in.  Biyon 
Jackson  pump.  The  basin  furnished  water  for  90  acres  of  alfalfft  and  90 
acres  of  grain. 

Cost  Wells  and  Well  Drilling  Equipment. — ^The  following  is  given  in  FCK- 
tier's  "Use  of  Water  in  Irrigation"  (1915). 

According  to  C.  E.  Tait,  the  most  common  sizes  of  drilled  wells  for  n«w 
plants  in  southern  California  at  this  writing  (1914)  are  12, 14, 16,  and  20  indiH 
in  diameter.  A  few  24-  and  26-inch  wells  are  also  in  use.  The  increaae  fn 
size  in  recent  years  has  been  largely  due  to  two  causes.  The  larger  circum- 
ference of  the  casing  permits  more  openings  to  be  made  and  more  water  to 
enter  from  the  adjacent  gravel.  They  are  also  better  suited  to  the  use  of 
deep  well  pumps  of  the  plunger  and  turbine  types  in  that  they  permit  a  long 
stroke  at  low  speed. 

The  casing  consists  of  a  double  thickness  of  riveted  steel  sheets  2  feet  long. 
The  cost  of  casing  per  foot  for  various  diameters  and  thjcknesa  of  metel  sub- 
ject to  a  discoimt  of  30  per  cent  is  as  follows: 
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Well  casing 

ter,  inches 

16-gauge 

14-gauge 

12-gauge 

10-gatu 

7 

$0.59 

10.68 

•   •   ■   • 

•   •   •   • 

10 

0.83 

0.99 

$1.20 

•   •   •  • 

12 

0.90 

1.06 

1.37 

$1.78 

14 

1.08 

1.20 

1.62 

1.97 

16 

1.21 

1.33 

1.94 

2.17 

20 

•  •  •  • 

1.57 

2.23 

2.64 

24 

•  •  •  • 

•  •  •  • 

2.69 

3.20 

What  is  known  as  a  starter  is  a  tube  about  20  feet  long  riveted  to  the  bottom 
of  the  casing.  This  consists  of  a  triple  thickness  of  metal  for  large  wells  and 
for  wells  iu  bowlders  or  rock.  A  steel  shoe  or  ring  is  in  turn  riveted  to  the 
bottom  of  the  starter.  A  3-ply,  12-gauge  starter  for  a  12-inch  well  costs  $1.80 
per  foot,  while  a  12  X  ^  inch  ring  costs  $16. 

Wells  in  southern  California  are  drilled  by  contract.  The  equipment  con- 
sists of  a  California  portable  rig  costing  $500  to  $600  without  the  tools.  In 
starting  a  well  a  hole  is  first  bored  and  the  starter  inserted.  A  sand  bucket  is 
tbsi  used  to  make  the  excavation  unless  rock  is  encountered.  The  rig  is 
provided  with  hydraulic  jacks  which  apply  a  pressure  of  100  tons  or  less  to  an 
iron  ring  which  rests  on  the  top  of  the  casing.  The  cost  of  drilling  in  sand  or 
day  exclusive  of  casing  is  $1.50  per  foot  for  a  12-inch  well.  Contractors  are 
usually  protected  by  a  provision  inserted  in  the  contract  to  the  effect  that  if 
bowlders  or  rock  are  encountered  requiring  more  than  2  hours  to  bore  through 
an  extra  charge  will  be  made. 

Strainers,  which  form  so  essential  a  feature  of  many  wells  in  the  rice  belt, 
are  not  necessary  in  southern  California  as  there  is  no  quicksand  or  very  fine 
8and  unmixed  with  coarser  material.  Water  is  admitted  through  long  vertical 
slots  in  the  casing  which  are  cut  by  a  special  tool  after  the  casing  is  in  place. 
The  cross  sections  of  the  openings  thus  made  are  trapezoidal  in  form,  the 
narrowest  side  being  at  the  outside  to  prevent  clogging.  Four  vertical  slots 
about  20  inches  long  are  made  in  the  circumference  of  each  joint  of  a  12-inch 
casing  opposite  and  slightly  below  each  water-bearing  stratum. 

In  the  rice  belt,  according  to  C.  G.  Haskell,  Irrigation  Engineer,  Depart- 
ment of  Agriculture,  the  hydraulic  rotary  method  for  drilling  wells  is  the  most 
common. 


CHAPTER  X 
LAND  DRAINAGE 

This  chapter  contains  data  on  the  methods  and  costs  of  constructing  botb 
open  and  tile  drains.  Further  matter  of  use  in  relation  to  this  subject  maj 
be  found  by  referring  to  the  index. 

The  reader  is  also  referred  to  Gillette's  "Handbook  of  Cost  Data"  p«SM 
1796-1802  for  costs  of  laying  tile  drains  and  for  the  weights  of  dialn  tile 
which  are  given  on  page  1798. 

The  Elements  of  Costs  of  Drainage  Systems  are  given  by  J.  L.  Parsoos  in 
"  Land  Drainage"  as  follows:  Cost  of  materials,  cost  of  labor,  cost  of  dfiUva^ 
of  materials,  cost  of  administrating  drainage  contracts,  cost  (interest  ud 
depreciation)  of  necessary  plant,  cost  of  financing  the  contract,  and  probaUe 
damage  claims  and  legal  expenses.  In  addition  to  the  probable  contnct 
price  as  thus  estimated,  the  element  of  engineering  and  other  overhead  a- 
penses  and  right  of  way  or  damage  claims  must  be  considered  by  the  «ng<w«>f 
in  arriving  at  the  total  estimated  cost  to  the  owner. 

Probable  Damage  Claims  and  Legal  Expenses. — During  the  I>ro8ecutioin  of 
drainage  contracts  there  is  considerable  danger  of  stock  falling  into  ditcbes, 
with  resulting  claims  for  damages  by  the  owners,  and  some  ailowanoe  must  be 
made  in  the  contractors  estimate  for  such  damages.  Also  a  contractor  shoidd 
avail  himself  of  enough  legal  advice  to  insure  business  methods. 

Or er head  Expenses. — The  overhead  expenses  incidental  to  legal  drainage 
organizations,  as  engineering,  legal  expenses,  publication  of  noticed,  etc.  tf 
wisely  administered,  need  not  exceed  8  to  12  pot  cent  of  the  total  post  for 
drains  costing  $5,000  and  upward.  These  expenses  equal  a  laiger  perbentige 
for  the  smaller  districts,  as  many  of  the  legal  procedures  required  are  ai 
expensive  for  small  drains  as  for  larger  ones. 

The  item  of  engineering  alone,  including  the  preliminary  survey.  Gomatrue- 
tion  superintendence,  and  assistance  in  the  assessment  of  benefits  and  ffadng 
of  damages,  should  not  be  less  than  5  to  10  per  cent  of  the  total  coat, 
ranging  from  approximately  10  per  cent  for  $2,000  districts  to  5  per  cent  for 
$25,000  districts  and  upwards. 

Types  of  Equipment  Best  Adapted  to  Land  Drainage. — Power  machineiy  ia 
now  available  which  will  construct  outlet  drainage  ditches  of  all  stzea,  and 
under  all  conditions  of  soil  and  water,  more  cheaply  than  can  be  acoompUahed 
by  any  other  method,  according  to  D.  L.  Yamell,  drainage  engineer  of  the 
Oflice  of  Public  Roads  and  Rural  Engineering.  In  a  special  bulletin  iaaued 
recently  by  the  Department  of  Agriculture,  the  uses  and  Umitationa  of  tliB 
different  machines  that  have  been  employed  in  such  work  are  summariied  by 
by  Mr.  Yamell,  whose  conclusions  as  abstracted  in  Engineering  Record,  Feb. 
25,  1916,  foUow. 

The  floating  dipper  dredge  is  more  widely  used  in  drainage  work  than  la  any 
other  type  of  excavating  machine.  For  work  through  wet  land  no  othar 
excavator  will  equal  it  in  cheapness  6f  construction  of  ditches  having  a  croaa- 
section  of  from  100  sq.  ft.  to  1200  sq.  ft.  It  is  by  far  the  most  efficient  tw^Jthni 
to  use  where  many  stumps  will  be  encountered.    Owing  to  Its  limits 
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it  is  not  generally  ajiplicable  to  levee  construction.  Dipper  dredges  as  con- 
structed for  drainage  work  range  in  capacity  from  ^i  cu.  yd.  to  4  or  5  cu.  yd. 
The  sizes  most  commonly  used  vary  from  1  to  2  cu.  yd.  The  smallest  dredge 
costs  about  $5,000;  the  cost  increases  rapidly  with  the  capacity  of  the  dipp^. 
The  floating  dipper  dredge  should  be  operated  downstream,  where  practicable, 
to  insure  sufficient  water  at  all  times. 

In  general,  the  clamshell  or  orang&-peel  dredge  is  not  well  adapted  to  ditch 
construction,  especially  if  there  be  stumps  to  handle.  Certain  types  of  soil, 
such  as  the  muck  of  southern  Louisiana,  can,  however,  be  handled  to  advan- 
tage with  this  machine.  It  is  also  suited  to  levee  building  when  a  long  boom 
is  used. 

The  dragline  scraper  excavator  is  constantly  increasing  in  favor  for  drainage 
work.  It  is  especially  suited  to  the  construction  of  ditches  and  levees  of  large 
cross-section,  where  the  ground  is  sufficiently  stable  to  support  the  machine. 
The  scraper  excavator  is  also  suitable  for  ditch  cleaning. 

The  various  forms  of  so-called  dry-land  machines  find  quite  extensive  use  in 
drainage.  The  dipper  and  orange-peel  dredges  of  the  dry-land  type  are  suit- 
able for  use  where  sufficient  water  cannot  be  had  to  float  a  dredge.  The 
templet  and  the  wheel  types  of  excavators  are  applicable  to  open  land,  where 
the  soil  is  neither  too  hard  nor  too  wet.  The  ditches  cut  by  these  latter  ma- 
chines are  superior  in  hydraulic  efficiency  to  those  of  similar  section  cut  by  any 
other  type  of  excavator.    The  dry-land  machines  should  be  operated  upstream. 

The  hydraulic  dredge  is  not  suited  to  ordinary  drainage  ditch  construction. 
It  has  been  used  to  some  extent  in  cleaning  ditches,  and,  with  the  use  of  slope 
boards,  has  in  at  least  one  instance  made  a  satisfactory  record  in 
levee  construction. 

Costs  of  Dredge  Excavation  of  Drainage  Ditches. — D.  L.  Yamell  gives  the 
fc^owing  in  Bulletin  No.  300,  Office  of  Public  Roads  and  Rural  Engineering, 
abstracted  in  Engineering  and  Contracting,  Feb.  2,  1916. 

Method  ofOperatino. — With  a  floating  dredge  the  construction  should,  where 
practicable,  begin  at  the  upper  end  of  the  ditch  and  proceed  downstream. 
Sometimes  it  is  not  feasible  to  transport  the  machinery  and  material  to  the 
upper  end  of  the  ditch  and  the  dredge  must  then  work  upstream.  This  is 
undesirable,  unless  the  fall  be  slight,  since  in  working  upstream  dams  must  be 
built  behind  the  boat  to  maintain  the  necessary  water  level.  In  working 
downstream  the  ditch  remains  full  and  the  dredge,  floating  high,  can  dig  a 
much  narrower  bottom  than  if  working  upstream  in  shallow  water.  Moreover, 
when  floating  low,  the  dipper  may  not  properly  clear  the  spoil  bank.  Again, 
in  working  downstream,  any  material  dropping  from  the  dipper  into  the 
ditch  will  be  taken  out  in  the  next  shovelful ;  whereas  if  working  upstream 
any  material  dropped  or  any  silt  washed  behind  the  dredge  is  left  to  settle  in 
the  bottom  of  the  ditch.  If  work  is  begun  on  the  natural  ground  surface  a 
pit  must  be  dug  to  launch  the  boat;  or  if  in  a  stream,  it  may  be  necessary 
to  build  a  temporary  dam  in  the  channel  to  raise  the  water  high  enough  i^ 
float  the  boat.  The  depth  of  water  required  varies  from  2  ft.  upward,  depend- 
ing on  the  size  of  machine. 

The  floating  dipper  dredge  moves  itself  ahead  by  means  of  the  dipper.  The 
spuds  are  first  loosened  from  their  bearings  and  the  dipper  is  run  ahead  of  the 
machine  and  rested  on  the  natural  ground  surface  in  front  of  the  ditch.  The 
spuds  are  then  raised  and  the  engines  operating  the  backing  drum  are  started; 
the  dredge  being  free,  is  thus  pulled  ahead.  The  spuds  are  then  lowered  and 
excavation  continued. 
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In  timbered  country  the  right  of  way  must  be  cleared.  In  many  oaneB  the 
timber  cut  will  supply  sufficient  fuel  for  the  dredge.  It  is  poor  policy  to  Ml 
the  trees  and  leave  them  on  the  ground  to  be  removed  by  the  dredge.  Tin 
stumps  should  always  be  shattered  with  dynamite,  as  the  strain  on  the 
machinery  is  thus  rendered  much  less  and  the  life  of  the  dredge  increued. 

An  engineer,  a  craneman,  a  fireman,  and  a  deckhand  are  required  to  operate 
a  dipper  dredge.  The  output,  loss  of  time  due  to  breakdowns,  and  the  coet  of 
repairs,  depend  almost  wholly  upon  their  skill  and  efficiency.  The  engineff 
should  be  an  all-around  mechanic  as  well  as  experienced  in  dredging. 

The  amount  of  fuel  consumed  depends  upon  the  size  and  type  of  bdkr 
uded,  and  upon  the  burning  and  heating  qualities  of  the  fuel.  A  very  great 
saving  can  be  effected  by  covering  the  boiler  with  an  asbestos  coat.  Ordi- 
narily, about  25  lb.  of  coal  per  horsepower-hour  are  consumed  on  dredger 
The  cost  of  repairs  depends  largely  upon  the  operator;  a  careless  operator  wlB 
cause  many  unnecessary  breakdowns.  It  is  not  only  the  high  cost  of  repiln 
for  machinery  but  also  the  time  lost  which  aids  in  increasing  the  actual  coet  d 
the  output.  It  is  a  well-established  fact  that  it  is  not  the  initial  cost  of  • 
dredge  or  of  any  machine,  but  the  operating  and  ovwhead  expenses,  that 
reduce  the  profits. 

Cost  of  Operation. — The  cost  of  dredge  work  depends  upon  a  number  d 
factors.     The  locality  of  the  work,  the  kind  of  soil,  repairs,  delays,  labor,  etc., 
greatly  influence  the  actual  cost  of  any  work.    If  the  water  level  can  natuzvlly 
be  maintained  within  a  foot  or  so  of  the  surface  of  the  ground,  the  cost  of 
excavation  can  be  reduced  very  low  with  this  type  of  machine.     The  data 
given  in  the  following  pages  were  obtained  from  the  actual  cost  records  of  the 
various  projects.     Unfortunately,  the  figures  are  not  always  strictly  ocunpai^ 
able,  one  project  with  another,  owing  to  variations  in  the  items  of  cost  in- 
cluded.   Unless  otherwise  stated,  interest  is  taken  at  6  per  cent  and  depreda- 
tion at  35  per  cent  per  annum  on  the  cost  of  the  dredging  outfit.    Interest  and 
depreciation  are,  however,  charged  only  for  the  interval  of  time  upon  whldi  the 
unit  cost  is  based.     This  is  not  strictly  correct,  as  a  certain  amount  of  time 
consumed  in  getting  the  machine  on  and  off  the  work  should  be  charged  to  eMii 
project.     In  most  cases  it  was  impossible  to  ascertain  the  time  that  should  be 
charged  to  moving,  building,  etc.,  and  therefore  the  item  has  been  ignond  IB 
all  cas&s,  for  the  sake  of  uniformity.     On  some  projects  figures  for  oponAkm 
over  an  extended  period  were  not  obtainable.    In  such  cases  the  unit  oort  li 
based  upon  the  daily  cost  of  operation  and  the  average  amount  of  ditch  dug  per 
day,  no  allowance  being  made  for  interest  and  depreciation. 

In  the  construction  of  a  ditch  in  North  Carolina  a  new  1^-yud  dlpptr 
dredge  was  employed.  This  dredge  had  a  5  X  20  X  70-ft.  hull  and  WM 
equipped  with  8^^  X  10-in.  double-cyhnder  hoisting  engines;  7  X  T-ln. 
double  cylinder,  reversible  swinging  engines;  a  50-hp.  Scotch  inarii^ft  return* 
fine  boiler;  a  l>^-yard  dipper,  31-ft.  dipper  handle,  and  45-ft.  boom.  Tbe 
^uds  were  convertible  to  bank  or  vertical  and  were  operated  by  the  hGistii^ 
engines.  The  cost  of  this  dredge,  erected,  was  $10,342.19.  The  dredge  waa 
operated  continuously,  each  shift  working  11  hours  per  day.  The  men  wen 
paid  at  the  following  rates  per  month:  Superintendent  in  idiaige,  $110; 
engineers,  $100;  cranemen,  $60;  firemen,  $48;  deck  hands,  $36.  The 
furnished  their  own  subsistence.  The  ditch  was  9H  miles  long  and 
from  22  to  30  ft.  wide  on  top  and  from  8  to  10  ft.  deep;  it  had  side  Blopes  cf  H 
to  1  and  a  berm  8  ft.  wide.  The  water  level  was  easily  maintained  near  tha 
ground  surface.    Very  little  right-of-way  clearing  was  required.    In  tba 
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stniction  of  this  ditch  the  dredge  excavated  350,720  cu.  yd.  of  earth.  One 
r  was  required  for  the  dredge  to  complete  this  work.  The  following  cost 
Eb  were  talcen  from  the  records  of  the  drainage  district  which  owned  and 
rated  the  dredge: 

Coet  of  operation,  including  labor  and  fuel $15,889.01 

Repairs 1 .948. 24 

Interest  and  depreciation 4 , 240. 22 

Total $22,077.47 

Cost  per  cubic  yard,  $0.0629. 

.  Jiew  dredge  of  the  same  size  and  type  as  the  one  Just  described  was  used 
lie  excavation  of  a  drainage  ditch  in  the  same  locality  as  the  foregoing 
ject.  The  ditch  followed  an  old  creek  channel  for  the  greater  part  of  its 
rth.  The  icost  of  the  dredge,  erected,  was  $9,365.34.  It  was  operated 
ne  shift  of  11  hours;  the  actual  time  of  operation  was  not  recorded.  The 
V  and  the  rates  of  pay  were  the  same  as  in  the  foregoing  example.  The 
li  was  3^  miles  long  and  ranged  in  top  width  from  22  to  26  ft.  and  in 
th  from  6  to  10  ft.  The  side  slopes  were  H  to  1 ;  the  berm  was  8  ft.  wide, 
i  dredge  worked  downstream  and  the  water  level  was  easily  held  near  the 
ind  surface.  Practically  no  right-of-way  clearing  was  done.  The  mate- 
excavated  was  a  loam  top  soil  underlain  by  stiff  clay;  very  little  rock 
^icountered.  The  cost  of  the  work  was  considerably  affected  by  the 
ense  ($1,459)  of  passing  three  bridges.  The  total  amount  excavated  in  a 
od  of  about  10  months  was  121,200  cu.  yd.  The  dredge  was  owned  and 
rated  by  the  drainage  district.     The  following  costs  were  recorded: 

Cost  of  operation,  including  labor  and  fuel $  5,921 . 05 

Repairs 1,028.73 

Incidentals 117 .  95 

Interest  and  depreciation i .  .  .  3 ,  199 .  80 

Total $10,267.53 

Cost  per  cubic  yard,  $0.0847. 

L  dipper  dredge  with  a  5K  X  16  X  60-ft.  hull,  7  X  8-in.  double-cylinder 
sting  engines,  friction  swing,  1-yard  dipper,  35-ft.  boom,  and  telescopic 
ik  spuds  was  used  in  the  construction  of  about  5  miles  of  ditch  in  western 
rth  Carolina.  No  reliable  information  was  available  as  to  the  amount  of 
terial  moved ;  but  the  following  figures  as  to  the  cost  of  installing  the  dredge 
of  interest: 

Hiill:  Labor  and  material $1 , 803. 23 

Machinery: 

Material 4,800.00 

Freight 379. 10 

Drayage 72 .  60 

Installing 310.60 

Extra  equipment  (forge  tools,  etc. ) 80 .  00 

Lighting  equipment  (engine  and  dynamo  and  wiring) ....  207 .  00 

Total $7,652.53 

n  Colorado,  a  dipper  dredge  having  a  24  X  75-ft.  hull,  l>^-yd.  dipper,  and 
ft.  boom,  was  used  in  cleaning  out  and  enlarging  about  20  miles  of  canal, 
e  equipment,  complete,  including  cook  and  bunk  boats,  cost  $16,500. 

0  shifts  of  11  hours  each  were  run.     During  the  year  for  which  the  data 

1  given  the  dredge  was  actually  in  operation  but  187  days,  or  58  per  cent 
the  total  working  days.  The  following  crew  were  paid  the  given  rates 
r  month,  including  board:  Head  runner,  $120;  1  runner,  $110;  2  cranemen 
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at  $55;  2  firemen  at  $45;  2  deckhands  at  $40;  1  teamster,  $40;  1  code,  $50. 
No  right-of-way  clearing  was  required.  The  water  for  the  boiler  wbb  taken 
from  the  canal,  and  as  a  result  considerable  trouble  was  experienced  from  mud 
and  scale.  The  cost  data  below  are  based  on  the  amount  of  material  moved 
from  inside  the  grade  stakes  during  the  year,  amounting  to  394,387  cu.  yd. 
It  was  estimated  that  an  excess  of  25  per  cent  was  actually  moYed.  The 
following  was  the  cost  of  the  work  for  one  year: 

Operation : 

Labor  operating  dredge $  6 ,  243 .  70 

Coal,  including  freight,  1,276.65  tons,  at  $2.35 3,000. 13 

Hauling  coal,  1,276.65  tons,  at  82>^  cents 1 ,053.24 

Oil.  waste,  and  miscellaneous  supplies 692.80 

Cost  of  controlling  water  to  float  dredge 869.24 

Repairs,  labor,  and  material 3,894.67 

Removing  and  replacing  bridges 837.78 

Interest  and  depreciation 6,765.00 

Total $22,856.56 

Cost  per  cubic  yard,  $0,058. 
Miscellaneous  expenses: 

Engineering  and  supervision $  1 ,856. 10 

Building  up  ditch  bank  and  making  road  on  top 4,721.75 

Right  of  way  and  legal  expenses 190.42 

Total $  6.768.37 

The  cost  of  the  dredging  outfit  was  as  follows; 

Hull: 

Material $  1,960.83 

Labor,  including  hauling 1,959.90 

Machinery: 

Cost,  including  freight 9.997.73 

Hauling  and  installing 817 .  65 

Cook  and  bunk  boats: 

Material 668.00 

Labor 468.66 

Equipment 646.86 

Total $16,500.00 

In  connection  with  a  drainage  project  in  southwest  LmilBiaiia  a  stflttt* 
operated,  floating  dipper  dredge,  equipped  with  a  1-yd.  dippert  40^.  bom 
and  convertible  power  spuds  was  employed  in  the  excayation  of  about  M 
miles  of  ditch  which  varied  in  width  from  18  to  50  ft.  and  in  d^ith  from  4 10 
6  ft. ;  15-ft.  berms  were  specified.  The  cost  of  the  dredge  on  the  woik  Ji add 
to  have  been  $10,000.  Two  shifts  of  10  hours  each  were  run.  but  the  actod 
number  of  days  of  operation  was  not  recorded.  The  crew  and  mimthly  nM 
of  pay,  including  subsistence,  were  as  follows:  Two  runners,  at  $100;  2  cnat- 
men,  at  $60;  2  firemen,  at  $60;  1  deckhand,  $40;  1  cook,  $30.  The  maUftf 
excavated  was  a  hard,  stiff  clay.  The  total  amount  excavated  in  about  $ 
months  was  147,000  cu.  yd.  The  average  cost,  per  month,  of  operation 
follows : 

Labor $    610 

Board 100 

Coal 263 

Repairs 300 

Oil  and  supplies AG 


ppiies .... 
kd  deprcci 


Interest  and  depreciation 848 

Total $1,464 

Cost  per  cubic  yard,  $0.0796. 
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>n  another  project  in  southern  Louisiana  there  was  employed  a  floating 
per  dredge  with  a  5  X  22  X  73-ft.  hull;  8  X  10-in.  double-cylinder  hoisting 
:ine;  6  X  8-in.,  double-cylinder  reversible  swinging  engines;  lH~7d. 
per,  and  40-ft.  boom.  The  machine  was  equipped  with  bank  spuds.  The 
t  of  the  dredge,  ready  to  operate,  was  $13,000.  The  ditches  averaged 
»ut  30  ft.  wideand  were  from  5  to  6  ft.  deep.  The  land  was  nearly  level  and 
water  surface  was  easily  kept  within  a  foot  of  the  ground  surface.  The 
terial  was  a  top  muck  underlain  by  an  alluvial  mud  which  was  hardly  solid 
>ugh  to  hold  its  shape  when  dropped  from  the  dipper.  There  were  few 
•merged  logs  or  stumps.  The  dredge  was  operated  the  year  around  for 
>  years.  No  record  was  kept  of  the  actual  time  of  operation.  The  average 
put  per  shift  (12  hours)  on  a  30-ft.  ditch  5  ft.  deep  was  1,200  cu.  yd.,  at  a 
t  as  follows: 

Labor  (4  men) $10. 50 

Fuel,  6  barrels  oil,  at  $1.75 10. 50 

Repairs,  oil,  and  grease 5 .  50 

Total. , $26. 50 

Coet  per  cubic  yard,  exclusive  of  interest  and  depreciation,  $0.0221. 

Ln  the  same  general  locality  as  the  foregoing  case,  and  under  the  same  soil 
iditions,  a  1-yd.  dredge  which  was,  except  in  respect  to  capacity,  equipped 
lilarly  to  the  above-described  machine,  was  operated  in  the  construction  of 
ches  which  averaged  30  ft.  wide  and  5  ft.  deep.  The  cost  of  the  dredge, 
Kted,  was  $11,000.  The  average  output  per  12-hour  shift  during  a  2-years' 
a  was  1,000  cu.  yd.    The  cost  i)er  shift  was  as  follows: 

Labor  (4  men) $10. 00 

Fuel,  5  barrels  oil,  at  $1.75 8. 75 

Repairs,  oU,  and  grease 5. 50 

Total ., $24.25 

Cost  i>er  cubic  yard,  exclusive  of  interest  and  depreciation,  $0,024  2. 

In  another  drainage  project  in  southern  Louisiana  several  ditches,  each 
tree  miles  long,  were  constructed  by  a  dipper  dredge  installed  on  a  5H  X 
i  X  70-ft.  hull.  The  power  was  obtained  from  a  60-hp.  internal-combustion 
igine.  The  dredge  had  a  l>i-yd.  dipper,  40-ft.  boom,  and  convertible 
ower  spuds.  The  total  cost  of  the  outfit,  including  house-boats  and  small 
>wboats,  was  $12,000.  Two  shifts  of  10  hours  each  were  rim  for  26  days  in 
icfa  month.  The  crew  were  furnished  subsistence,  and  each  shift  consisted 
^'-  One  runner,  at  $125;  1  craneman,  at  $65;  and  1  engine  tender,  at  $40  per 
lonth.  One  cook,  at  $35,  and  one  general  utility  man,  at  $60,  were  also 
Deployed,  making  a  total  labor  cost  of  $555  per  month.  The  average  dimen- 
ions  of  the  ditch  were:  Top  width,  25  ft.;  bottom  width,  18  ft.;  and  depth, 
ft.  The  ground  was  nearly  level  and  the  water  stood  about  3  ft.  below  the 
Tound  surface.  The  excavated  material  was  a  stiff,  sandy  clay.  About  3.4 
"flw  of  the  work  consisted  in  cleaning  old  channel,  which  required  frequent 
noving  and  gave  small  yardage.  The  total  excavation  in  five  months  was 
*^t  216,000  cu.  yd.     The  cost  was  as  follows: 

Labor  and  board $3 ,  555 

Fuel  and  oil 2,300 

Repairs 980 

Interest  and  depreciation 2 ,  050 

Total $8,886 

Coet  per  cubic  yard,  $0.0411. 
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A  steam-operated  floating  dipper  dredge,  mounted 'on  a  5  X  15  X  60-ft 
hull  and  equipped  with  a  1-yd.  dipper,  38-ft.  boom,  and  inclined  tetoBOOpIc 
bank  spuds,  was  used  in  the  excavation  of  about  10^  miles  of  ditch  in  Nortb 
Carolina.  The  cost  of  the  dredge  is  stated  to  have  been  $6,613.82.  On 
shift  of  10  hours  per  day  was  run.  The  actual  number  of  days  of  operatioo 
was  not  recorded.  The  crew  and  rates  of  pay  were  as  follows:  One  engineer, 
$125  per  month;  1  craneman,  $2  per  day;  1  fireman,  $1.25  per  day;  1  watdi- 
man,  $1.50  per  day.  The  crew  furnished  their  own  subsistence.  The  ditdi 
was  about  18  ft.  in  top  width,  12  ft.  deep,  and  had  H  to  1  slopes.  It  foUoped 
an  old  creek  bed  for  a  large  part  of  the  distance.  The  material  excavated  wii 
a  clay,  though  some  rock  was  also  encountered.  Based  upon  the  giveo 
dimensions  of  the  ditch,  the  total  excavation  amounted  to  205,000  cu.  yd. 
Eighteen  months  were  required  to  complete  the  work.  The  cost  was  tf 
follows: 

Operation: 

Labor $  6,310.04 

Fuel 2,210.30 

Repairs: 

Labor 1.380.12 

Material 1 ,  136.71 

Interest  and  depreciation 4,067.00 

Total $15,105.07 

Cost  per  cubic  yard,  $0.0512. 
Miscellaneous  expenses: 

Engineering $       164.83 

Clearing  right  of  way 282.70 

Rebuilding  bridges 104.06 

Incidentals 48.77 

Administration 618.00 

Total $  1,210.26 

Costs  of  Dredging  Main  Canals  on  a  Drainage  Project  in  Louitiaiia. — ^Em^ 
neering  and  Contracting,  Oct.  25,  1911,  gives  the  following: 

The  excavation  was  begun  in  the  latter  part  of  1000  and  was  ]yroseaitfld 
almost  continuously  until  the  completion  in  August,  1011.  This  woric  wtf 
carried  on  by  means  of  two  Marion  dipper  dredges,  one  with  a  K  cu.  yd.  and 
the  other  with  a  IK  cu.  yd.  bucket.  The  large  dredge  was  <m  the  ground 
when  the  work  was  begun  and  the  small  one  was  built  afterward  at  a  cost  d 
about  $8,500.  Two  oil  barges  of  about  400  bbls.  capacity  each  were  buIU  to 
carry  fuel  oil  for  the  dredges  from  New  Orleans.  All  supplies  had  to  be 
brought  in  on  barges.    One  25-h.p.  gasoline  tug  was  used  for  all  towing. 

The  cost  figures  for  the  work  which  follow  were  taken  from  the  company'* 
books,  with  the  exception  of  the  charge  for  plant.  This  ia  an  arbitrary  figm 
based  on  an  estimate  of  25  per  cent  depreciation  of  the  plant  for  the  t«* 
years'  work.  The  plant  is  taken  as  worth  $20,500  at  the  beginning  of  woriL 
The  labor  charge  is  taken  from  the  payroll  account  and  includes  all  labtf 
charged  to  the  contract,  such  as  dredgemen,  camp  labor,  clearing,  towblgi 
superintendence,  etc.  The  supplies  include  all  supplies  except  camp  suppUv* 
The  repair  account  includes  all  repair  parts  and  freight  on  same,  but  doei  not 
include  the  labor  for  making  repairs.  The  general  expense  account  Indudv 
all  expense  not  included  in  other  accounts,  such  as  taxes  on  plant,  traYoltag 
expenses,  railway  fares  of  men,  office  expenses,  etc.  No  interest  is  inchidod. 
The  fuel  account  includes  only  the  oil  used  for  the  operation  of  the  dredgw. 
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s  rales  of  wages  paid  were  for  oomiiKm  labor  $2  per  day,  engiDser  $125  per 

nth,  cnmeman  $<)5,  flieman  $50. 

rhe  rates  eiP  the  mcmthly  men  Indyde  board  in  addition.    The  oeetk 

ow: 

• 

Total  jrardase  674,921   ^  Per  cu.  yd. 

nt  (arbitrary) 10.0076 

leral 0.0050 

?air8 0.0020 

>plieB 0.0138 

sT. 0.0094 

K» 0.0210 

up 0.0081 

Total  ooBt  per  cu.  yd $0.0687 

;ost8  of  Ditch  Excavation  with  Templet  Bzcavatora. — Engineering  and 
itracting,  Feb.  9,  1916,  gives  the  following  extract  from  Bulletin  No.  800 
Bee  of  PubUc  Roads  and  Rural  Engineering)  by  D.  L.  Yamell. 
L  sine^bucket  templet  excavator  was  used  in  southern  Louisiana  on  the 
struction  of  7,825  ft.  of  ditch  having  a  24-ft.  bottom  width  and  ranging 
lepth  from  3.5  to  7  ft.  The  side  slopes  were  1  to  1,  and  the  width  of  betm 
(  15  ft.  The  total  excavation  was  43,128  cu.  yd.  The  total  cost  of  this 
chine  on  the  work  was  $8,506.22.  The  soil  was  a  yellow  day  with  a  few 
ts  of  gravelly  day,  and  the  top  soil  was  baked  very  hard.  No  special 
icultles  were  encountered  except  that  considerable  cribUng  was  neoennaiy 
^vel  up  the  track  supporting  the  excavator  when  crossing  natural  water 
rses;  except  for  these  streams  the  ground  was  levd.  Some  trouble  waa 
»  experienced  with  the  traction  device,  due  to  the  fact  that  the  ditdi  was 
^  than  that  for  which  the  machine  was  designed.  The  actual  number  of 
'king  days  was  128,  73  days  of  which  were  spent  in  actual  digging;  43,128 
yds.  were  dug.  The  cost  of  operation  per  day  was  as  f  <dlow8 :  One  operator, 
i5;  one  fireman,  $2.28;  three  deck  hands,  $6.27;  one  team  and  teamster, 
10.  The  total  cost  per  day  was  $17.80.  The  average  daily  excavation  for 
128  days  worked  was  337  cu.  yds.  or  107  lln.  ft.  of  ditch.  The  total  cost  of 
tration  for  5  months  was  $3,500  divided  as  follows: 

Operating,  labor $1 ,885 

(derating,  materials 496 

fS 602 

Repairs,  labor 294 

Repairs,  materials 223 

Total $3,500 

;erest   and   depreciation  in  that   time,   at  41  per  cent  per  annum,  would 

lount  to  $1,453,  making  the  total  cost  $4,053  and  the  cost  per  cubic  yard 

.1149. 

Cost  of  Operating  Wheel  Type  Excavators  in  Drainage  Ditching. — Engi- 

Bring  and  Contracting,  Jan.  26,  1916,  publishes  the  following  extract  from 

iBetin  No.  300,  by  D.  L.  Yamell.  office  of  Public  Roads  and  Rural 

igineering. 

Two  machines  of  the  wheel  type  designed  to  cut  a  ditch  4  ft.  deep,  4  ft. 

de  at  the  top,  and  2  ft.  wide  at  the  bottom,  were  used  on  the  excavation 

tome  ditches  in  one  of  the  Gulf  States.    Each  machine  was  driven  by  a'  28- 

>.  gasoline  engine.    The  digging  wheel  was  15  ft.  in  diameter  and  the  two 
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of  the  dlstriet.  This  bayou  was  about  1,600  ft.  wide;  the  muck  ranged  from 
6  to  15  ft.  deep  and  was  very  soft.  No  tree  roots,  submerged  timber,  or 
sttimiM  were  encountered.  The  work  covered  an  area  of  about  7,000  acres, 
approximately  square,  which  was  traversed  by  parallel  canals  every  half  mile. 
The  ditches  cut  by  the  excavators  were  at  right  angles  to  these  canals  and  were 
spaced  830  ft.  apart.  It  was  thus  necessary  to  turn  the  machine  around  and 
nin  it  light  330  ft.  for  each  half  mile  of  ditch  cut.  The  item  "  moving  "  is  for 
taking  the  machine  across  the  canals  and  for  moving  from  one  part  of  the 
district  to  another;  it  does  not  refer  to  the  moving  between  adjacent  ditches. 

On  a  project  in  southern  Louisiana  a  wheel  excavator,  cutting  a  ditch  4H  ft. 
deep  with  a  top  width  of  4H  ft.  and  a  bottom  width  of  about  20  in.,  was  used. 
The  machine  worked  on  comparatively  solid  ground.  Power  was  supplied 
Iqr  a  28-hp.  gasoline  engine.  The  first  cost  was  $4,000,  and  freight  charges 
from  factory  to  works  were  $350.  After  the  machine  had  been  operated  for 
a  short  time  it  became  apparent  that  the  excavating  wheel  was  far  too  light 
and  a  new  wheel  was  substituted.  The  soil  was  a  silt  loam,  firm  and  uniform 
Init  not  tenacious.  No  special  difficulties  due  to  soil  conditions  were  encoun- 
tered in  this  work.  The  chief  obstacles  to  rapid  progress  were  at  first  the 
weakness  of  the  light  excavating  wheel,  and  afterwards  the  extra-heavy  exca- 
vating wlieel  which  unbalanced  the  machine.  The  tractors  were  larger  than 
necessary  and  often  broke  down  when  turning  on  the  hard  ground.  At  the 
time  the  following  cost  records  terminated,  the  work  had  been  carried  on 
intermittently  for  about  18  months;  about  one-half  this  time  was  occupied  in 
repairs.  During  this  time  the  machines  dug  117.000  ft.  of  ditch  4H  ft.  deep, 
46,600  ft.  3H  ft.  deep,  and  0,250  ft.  twice  over,  the  machine  making  two  4H- 
ft.  cuts  side  by  side.  The  average  length  of  ditch  cut  per  day  was  800  ft., 
while  the  maximum  was  1,050  ft.    The  daily  cost  of  operation  was  as  follows: 

Labor $5.50 

Fuel 4.20 

Incidentals .50 

Repairs 2.40 

Totel $12.60 

The  average  excavation  per  day  was  410  cu.  yd.,  based  on  the  average  of 
800  ft.  of  ditch,  AH  ft.  deep,  4H  ft.  wide  at  the  top.  and  20  in.  wide  at  the 
bottom.  The  machine  excavated  82,330  cu.  yd.  in  18  months  at  the  following 
Itemized  cost: 

Gasoline  based  on  215  actual  days'  operation  (nsti mated)..  $     903.00 

Repairs,  actual  coet 860. 00 

Incidentals  at  50  cents  i>er  day 120 .  25 

Labor  of  foreman,  18  months,  at  $75  per  month 1 ,350.00 

Other  labor,  two  men,  $2.50  per  day  for  250  dayn 625. 00 

Interest  and  depreciation 2,675.25 

Total $6,533. 50 

Coet  per  cubic  yard,  $0.0793. 

Cost  of  Straddle  Ditch  Excavators  Work. — D.  L.  Yarnell  gives  the  follow- 
ing in  Bulletin  No.  300,  office  of  Public  Roads  and  Rural  Engineering,  ab- 
stracted in  Engineering  and  Contracting,  Jan.  19.  1916. 

A  machine  of  this  type  often  used  has  a  30-ft.  boom  and  a  l-yard  d\vv««- 

The  steam  power  used  Is  obtained  through  a  2-cyllndeT,  35-\vp.  etv^tv^  wdA  "a. 

v&rtiaU  boiler.     The  machine  restta  on  a  platform  which  ia  "mo\\iv\«A,  oiv  Xvic» 

0t0e/  beMirw,  each  29  ft.  long,  that  straddle  the  ditch.     It  can  be  mowivX^A  «^ 
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apron  tractors  each  5  ft.  by  12  ft.  The  weight  of  each  excavator  was  about  30 
tons.  The  first  cost  of  the  machine  was  $5,500  and  freight  to  the  point  of 
use  was  $338.36,  making  the  total  cost  of  each  mactiine  $5,838.36.  The  soil 
was  a  hard,  yellow,  sandy  day  overlain  by  a  turfy  muck,  varying  in  depth  up 
to  2H  ft.  The  turf  was  easily  cut,  but  the  hard  clay  caused  excessive  wearing 
on  the  bearings.  A  large  part  of  the  work  was  done  when  water  was  from  2 
to  3  ft.  deep  on  the  land.  The  total  length  of  the  ditches  dug  was  166  miles, 
the  average  length  of  ditch  being  2,475  ft.  The  average  depth  of  digging 
was  about  4  ft.,  with  a  4-ft.  top  and  2-ft.  bottom.  The  average  distance  dug 
per  shift  of  10  hours  of  actual  running  time  was  2,250  ft. ;  the  muTinniiTn  dis- 
tance dug  in  10  hours  was  6,600  ft.  The  average  yardages  per  month  for  the 
two  machines  were  13,245  and  13,180  cu.  yds.,  respectively.  The  average 
daily  outputs  on  the  basis  of  the  actual  running  time  were  1,000  and  1,126 
cu.  yd.,  respectively.  A  part  of  the  time  the  first  machine  ran  a  double 
shift,  which  accounts  for  the  higher  monthly  and  less  daily  average  It 
required  13  months  to  complete  the  work,  the  actual  time  of  operation  being 
about  half  this.  On  account  of  the  excessive  wearing  on  the  bearings,  caused 
by  the  heavy  sandy  clay,  it  was  necessary  to  make  frequent  stops  for  rebuild- 
ing the  machines,  which  operation  occupied  an  average  of  nearly  two  weeks. 
The  total  excavation  was  317,162  cu.  yd. 

The  daily  operating  expense  per  10-hour  shift  for  each  machine  was  about 
as  follows: 

Per  day 

One  operator,  at  $100  per  month $      4.00 

One  assistant 2.00 

50  gallons  gasoline,  at  16  cents 8 .  00 

Repairs 6.00 

Other  charges 12.00 

Total $32.00 

The  itemized  cost  for  operation  for  the  entire  work  was  as  f<^k>W8: 

Labor $  6. 172. 11 

Interest,  discount,  and  exchange 202.06 

Maintenance  and  repairs 2.860.08 

General  expense 273 .  10 

Management  expense 1,600.00 

Provisions  and  cooking  (cook's  wages) 2.245.01 

Freight  and  express 76. 74 

Towing 468. 19 

Gasoline 1,792.22 

Other  oil 281.49 

Teams  and  livery 932. 11 

Telephone  and  telegraph 26. 29 

Motor  boat  operation 640. 96 

Interest  and  depreciation  on  machinery 5. 185.00 

Total $21,644.25 

Cost  per  cubic  yard,  $0.0682. 

Machine  Maohine 

No.  1  No.  2 

Machine  running $     917.97  $1,509.66 

Machine  repairing 1 ,  431 .37  771 .  96 

Machine  moving 105.20  88.61 

Machine  bogged 156. 90  190. 64 

Total $2,611.44  $2,560.67 

The  excessive  cost  of  labor  given  for  the  machines  when  bogged  was  due  to 
the  frequent  crossings  of  a  wide,  muck-filled  bayou  which  ran  the  entire  length 


LAND  DRAINAGE  625 

of  the  district.  This  bayou  was  about  1,500  ft.  wide;  the  muck  ranged  from 
5  to  15  ft.  deep  and  was  very  soft.  No  tree  roots,  submerged  timber,  or 
stumps  were  encountered.  The  work  covered  an  area  of  about  7,000  acres, 
approximately  square,  which  was  traversed  by  parallel  canals  every  half  mile. 
The  ditches  cut  by  the  excavators  were  at  right  angles  to  these  canals  and  were 
spaced  330  ft.  apart.  It  was  thus  necessary  to  turn  the  machine  aroimd  and 
run  it  light  330  ft.  for  each  half  mile  of  ditch  cut.  The  item  " moving"  is  for 
taking  the  machine  across  the  canals  and  for  moving  from  one  part  of  the 
district  to  another;  it  does  not  refer  to  the  moving  between  adjacent  ditches. 

On  a  project  in  southern  Louisiana  a  wheel  excavator,  cutting  a  ditch  4H  ft. 
deep  with  a  top  width  of  4H  ft.  and  a  bottom  width  of  about  20  in.,  was  used. 
The  machine  worked  on  comparatively  solid  ground.  Power  was  supplied 
by  a  28-hp.  gasoline  engine.  The  first  cost  was  $4,000,  and  freight  charges 
from  factory  to  works  were  $350.  After  the  machine  had  been  operated  for 
a  short  time  it  became  apparent  that  the  excavating  wheel  was  far  too  light 
and  a  new  wheel  was  substituted.  The  soil  was  a  silt  loam,  firm  and  uniform 
but  not  tenacious.  No  special  difficulties  due  to  soil  conditions  were  encoun- 
tered in  this  work.  The  chief  obstacles  to  rapid  progress  were  at  first  the 
weakness  of  the  light  excavating  wheel,  and  afterwards  the  extra-heavy  exca- 
vating wheel  which  unbalanced  the  machine.  The  tractors  were  larger  than 
necessary  and  often  broke  down  when  turning  on  the  hard  ground.  At  the 
time  the  following  cost  records  terminated,  the  work  had  been  carried  on 
intermittently  for  about  18  months;  about  one-half  this  time  was  occupied  in 
repairs.  During  this  time  the  machines  dug  117,000  ft.  of  ditch  4H  ft-  deep, 
45,500  ft.  3H  ft.  deep,  and  9,250  ft.  twice  over,  the  machine  making  two  4H- 
ft.  cuts  side  by  side.  The  average  length  of  ditch  cut  per  day  was  800  ft., 
while  the  maximum  was  1,050  ft.     The  daily  cost  of  operation  was  as  follows: 

Labor $  5. 50 

Fuel. 4.20 

Incidentals .60 

Repairs 2.40 

Total $12.60 

The  average  excavation  per  day  was  410  cu.  yd.,  based  on  the  average  of 
800  ft.  of  ditch,  4K  ft.  deep,  4K  ft.  wide  at  the  top,  and  20  in.  wide  at  the 
bottom.  The  machine  excavated  82,330  cu.  yd.  in  18  months  at  the  following 
itemized  cost: 

Gasoline  based  on  215  actual  days'  operation  (estimated)..  $     903.00 

Be^airSi  actual  cost 860 .  00 

Incidentals  at  50  cents  per  day 120. 25 

Labor  of  foreman.  18  months,  at  $75  per  month 1 ,350.00 

Other  labor,  two  men,  $2.50  per  day  for  250  days 625.00 

Interest  and  depreciation 2,675.25 

Total $6,533.50 

Cost  per  cubic  yard,  $0.0793. 

Cost  of  Straddle  Ditch  Excavators  Work. — D.  L.  Yarnell  gives  the  follow- 
ing in  Bulletin  No.  300,  office  of  Public  Roads  and  Rural  Engineering,  ab- 
stracted in  Engineering  and  Contracting,  Jan.  19,  1916. 

A  machine  of  this  type  often  used  has  a  30-ft.  boom  and  a  1-yard  dipper. 

The  steam  power  used  is  obtained  through  a  2-cy Under,  35-hp.  engine  and  a 

vertical  boiler.     The  machine  rests  on  a  platform  which  is  mounted  on  two 

steel  beams,  each  29  ft.  long,  that  straddle  the  ditch.    It  can  be  mounted  on 
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apron  tractors  each  5  ft .  by  12  ft.  The  weight  of  each  excavator  was  about  80 
tons.  The  first  cost  of  the  machine  was  $5,500  and  freight  to  the  point  of 
use  was  $338.36,  making  the  total  cost  of  each  machine  $6,888.36.  Thesafl 
was  a  hard,  yellow,  sandy  clay  overlain  by  a  turfy  muck,  varying  in  depth  up 
to  2H  ft.  The  turf  was  easily  cut,  but  the  hard  clay  caused  excessive  wearing 
on  the  bearings.  A  large  part  of  the  work  was  done  when  water  was  from  2 
to  3  ft.  deep  on  the  land.  The  total  length  of  the  ditches  dug  was  166  aSkt, 
the  average  length  of  ditch  being  2,475  ft.  The  average  depth  of  digging 
was  about  4  ft.,  with  a  4-ft.  top  and  2-ft.  bottom.  The  average  distance  dug 
per  shift  of  10  hours  of  actual  running  time  was  2,250  ft. ;  the  maximum  dii- 
tance  dug  in  10  hours  was  6,600  ft.  The  average  yardages  per  month  ftir  tin 
two  machines  were  13,245  and  13,180  cu.  yds.,  respectively.  "The  avenge 
daily  outputs  on  the  basis  of  the  actual  running  time  were  1,000  and  I.IM 
cu.  yd.,  respectively.  A  part  of  the  time  the  first  machine  ran  a  double 
shift,  which  accounts  for  the  higher  monthly  and  less  daily  average  It 
required  13  months  to  complete  the  work,  the  actual  time  of  operation  befnf 
about  half  this.  On  account  of  the  excessive  wearing  on  the  bearings,  caund 
by  the  heavy  sandy  clay,  it  was  necessary  to  make  frequent  stops  for  rabuild- 
ing  the  machines,  which  operation  occupied  an  average  of  nearly  two  mefci. 
The  total  excavation  was  317,162  cu.  yd. 

The  daily  operating  expense  per  10-hour  shift  for  each  machine  was  about 
as  follows: 

PwdHT 

One  operator,  at  $100  per  month $      4.n 

One  assistant S.OO 

50  gallons  gasoline,  at  16  cents 8.00 

Repairs O.J 

Other  charges 12,01 

Total $».00 

The  itemized  cost  for  operation  for  the  entire  work  was  as  follows: 

Labor $  6 .  172.  It 

Interest,  discount,  and  exchange 202.05 

Maintenance  and  repairs 2.860.06 

General  expense 278 .  10 

Management  expense 1 ,600.00 

Provisions  and  cooking  (cook's  wages) 2,246.01 

Freight  and  express 76.74 

Towing 468.19 

Gasoline 1.792.22 

Other  oil 281.40 

Teams  and  livery 982. 11 

Telephone  and  telegraph 26.20 

Motor  boat  oporation 640.00 

Interest  and  depreciation  on  machinery 6, 186.00 

Total $21,644.28 

Cost  per  cubic  yard,  $0.0082. 

Machine  MaefaiM 

No.  1  Na  2 

Machine  running $    917.97  $1.600.M 

Machine  repairing 1,431.87  ^^"ff 

Machine  moving 106. 20  ^'S 

Machine  bogged 156.90  100-64 

Total $2,611.44  $2,660.67 

'I'he  excessive  cost  of  labor  given  for  tlie  macliines  when  bogged  was  dno  10 
the  fre(iuent  crossingH  of  a  wide,  niiK^k-fllled  bayou  which  ran  the  entire  koflk 
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f  the  district.  This  bayou  was  about  1,500  ft.  wide;  the  muck  ranged  from 
to  15  ft.  deep  and  was  very  soft.  No  tree  roots,  submerged  timber,  or 
tumps  were  encountered.  The  work  covered  an  area  of  about  7,000  acres, 
pproximately  square,  which  was  traversed  by  parallel  canals  every  half  mile, 
"he  ditches  cut  by  the  excavators  were  at  right  angles  to  these  canals  and  were 
paced  330  ft.  apart.  It  was  thus  necessary  to  turn  the  machine  around  and 
un  it  light  330  ft.  for  each  half  mile  of  ditch  cut.  The  item  "  moving  "  is  for 
Ebking  the  machine  across  the  canals  and  for  moving  from  one  part  of  the 
istrict  to  another;  it  does  not  refer  to  the  moving  between  adjacent  ditches. 
On  a  project  in  southern  Louisiana  a  whe^  excavator,  cutting  a  ditch  4H  ft. 
e^  with  a  top  width  of  4H  ft.  and  a  bottom  width  of  about  20  in.,  was  used, 
"he  machine  worked  on  comparatively  solid  ground.  Power  was  supplied 
y  a  28-hp.  gasoline  engine.  The  first  cost  was  $4,000,  and  freight  charges 
rom  factory  to  works  were  $350.  After  the  machine  had  been  operated  for 
short  time  it  became  apparent  that  the  excavating  wheel  was  far  too  light 
nd  a  new  wheel  was  substituted.  The  soil  was  a  silt  loam,  firm  and  uniform 
ut  not  tenacious.  No  special  difficulties  due  to  soil  conditions  were  encoun- 
sred  in  this  work.  The  chief  obstacles  to  rapid  progress  were  at  first  the 
weakness  of  the  light  excavating  wheel,  and  afterwards  the  extra-heavy  exca- 
ating  wheel  which  unbalanced  the  machine.  The  tractors  were  larger  than 
eoessary  and  often  broke  down  when  turning  on  the  hard  ground.  At  the 
Ime  the  following  cost  records  terminated,  the  work  had  been  carried  on 
itermittently  for  about  18  months;  about  one-half  this  time  was  occupied  in 
spairs.  During  this  time  the  machines  dug  117.000  ft.  of  ditch  4yi  ft.  deep, 
5,500  ft.  3H  ft.  deep,  and  9,250  ft.  twice  over,  the  machine  making  two  4H- 
t.  cuts  side  by  side.  The  average  length  of  ditch  cut  per  day  was  800  ft., 
irhile  the  maximum  was  1,050  ft.    The  daily  cost  of  operation  was  as  follows: 

Labor $  5. 50 

Fuel 4.20 

Incidentals .50 

Repairs 2.40 

Total $12.60 

The  average  excavation  per  day  was  410  cu.  yd.,  based  on  the  average  of 
800  ft.  of  ditch,  4M  ft.  deep,  4M  ft.  wide  at  the  top,  and  20  in.  wide  at  the 
bottom.  The  machine  excavated  82,330  cu.  yd.  in  18  months  at  the  following 
itemized  cost: 

Gasoline  based  on  215  actual  days'  operation  (estimated)..  $     903.00 

Bepairs,  actual  cost 860 .  00 

Incidentals  at  50  cents  per  day 120. 25 

Labor  of  foreman,  18  months,  at  $75  per  month 1 ,350.00 

Other  labor,  two  men,  $2.50  per  day  for  250  days 625. 00 

Interest  and  depreciation 2,675.25 

Total $6 , 533. 50 

Cost  per  cubic  yard,  $0.0793. 

Cost  of  Straddle  Ditch  Excavators  Work. — D.  L.  Yarnell  gives  the  foUow- 
hg  in  Bulletin  No.  300,  office  of  Public  Roads  and  Rural  Engineering,  ab- 
"*racted  in  Engineering  and  Contracting,  Jan.  19,  1916. 

A  machine  of  this  type  often  used  has  a  30-ft.  boom  and  a  1-yard  dipper. 

^  steam  power  used  is  obtained  through  a  2-cylinder,  35-hp.  engine  and  a 

'•rtlcal  boiler.     The  machine  rests  on  a  platform  which  is  mounted  on  two 

•'•el  beams,  each  29  ft.  long,  that  straddle  the  ditch.     It  can  be  mounted  on 
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either  caterpillar  tractors  or  wheeled  trucks.  In  the  latter  case,  each  end  of 
the  two  beams  is  supported  oh  a  two-wheeled  oscIUating  truck,  the  wbedis 
being  2  ft.  high  and  18  in.  wide.  They  run  on  a  wooden  track  6  in.  thick  and 
3  ft.  wide,  which  is  built  in  six  sections  each  20  ft.  long.  One  section  of  the 
track  on  each  side  is  always  unoccupied  and  these  are  lifted  ahead  by  meaitf 
of  cranes  operated  by  power  derived  from  the  engines.  This  track  will  sup- 
port the  machine  in  the  softest  ground.  The  excavator  will  dig  12  ft.  deep 
and  22  ft.  wide  on  firm  ground;  with  an  extension  to  the  dipper  handle  it  can 
dig  18  ft.  deep.  It  will  deposit  the  dirt  on  either  side  at  a  distance  of  32  ft. 
from  the  center  of  the  ditch.  The  dipper  will  swing  over  a  bank  14  ft.  high. 
Where  track  is  used  the  machine  is  pulled  ahead  by  a  cable  from  the  eofl^ 
which  hooks  to  the  track  on  both  sides;  this  is  done  without  interrupting  tbe 
work  of  excavating.  If  desired,  caterpillar  tractors  are  furnished  iTiatfwH  of 
the  wheeled  trucks.  The  front  tractors  are  4  ft.  wide  by  1 1  ft.  long,  and  ttas 
rear  tractors  are  4  ft.  wide  by  7H  ft.  long.  This  excavator  has  been  known  to 
dig  as  high  as  1,500  cQ.  yd.  in  10  hours  in  especially  favorable  material.  It 
has  dug  through  12  in.  of  frost.  From  seven  to  eight  men  can  set  up  and  take 
down  the  machine  in  from  five  to  eight  days. 

Another  machine  of  this  type  has  a  38-ft.  boom  and  a  1-yard  dipper.  Pmnr 
is  supplied  by  an  internal-combustion  engine  of  25  or  40  hp.  which  bums  luKt^ 
sene,  gasoline,  or  distillate  oil.  The  machine  rests  on  a  platform  which  b 
mounted  on  two  steel  beams,  whose  standard  span  is  32  ft.  Extenslan  adei 
are  provided  which  permit  of  a  maximum  increase  of  3  ft.  in  tbe  span.  Tte 
front  axle  is  mounted  on  a  two-wheeled  swiveling  truck  with  cast-steel  doo- 
bleflange  wheels.  The  rear  end  is  carried  by  two  heavy,  wide-faced,  dou- 
bleflange  steel  wheels  set  loosely  on  the  axle.  The  shipping  weight  at  tbk 
size  of  dredge,  including  engine,  dipper,  and  machinery,  is  approadmatdy 
38,000  lb. 

Perhaps  the  cheapest  straddle-ditch  excavator  of  the  dipper  type  that  is  in 
use  is  a  home-made  one  which  has  been  used  to  some  extent  on  small  ditchea 
in  Iowa.  The  machine  is  of  the  revolving  type.  It  is  equipped  with  a  H' 
yard  dipper  and  a  28-ft.  boom.  The  power  is  derived  from  a  6-hp.  gaaoUne 
hoisting  engine  geared  to  three  hoisting  drums,  one  of  which  hoists  the  end  of 
the  dipper,  one  hoists  the  boom,  and  one  pulls  the  machine  ahead.  Tbtf 
machinery  is  mounted  on  a  platform  which  revolves  upon  a  turntable  mp- 
ported  on  two  wooden  beams  which  straddle  the  ditch.  The  beams  rat  00 
wooden  wheels,  the  entire  span  being  22  ft.  The  dipper  handle,  instead  of 
moving  forward  and  backward  at  the  boom,  is  pivoted.  The  entire  macUiia 
weighs  only  about  17,000  lb.  and  costs  about  $1,200. 

This  excavator  has  dug  as  high  as  400  cu.  yd.  a  day.  but  averages  about  SOO 
cu.  yd.  It  can  excavate  a  ditch  with  a  20-ft.  top  and  can  dig  13  ft.  deep,  but 
6  or  7  ft.  is  the  best  working  dei)th.  Two  men  can  erect  the  machine  in  2M 
days  and  dismantle  it  in  >^  day;  it  makes  about  seven  wagon  loads.  Thi 
hoisting  apparatus,  which  is  the  heaviest  part  of  the  machine,  weighs  4,100 
lb.  The  excavator  is  moved  ahead  by  means  of  a  "  dead  man"  and  cable,  and 
can  be  moved  across  country  at  a  speed  of  about  1  mile  per  day.  Tlie  Tnttf***— 
can  take  out  five  shovel-loads  in  two  minutes,  and  has  dug  through  6  In.  tf 
frost.  Only  two  men  are  required  to  operate  it— one  operator  end  oM 
trackman. 

A  ditch  constructed  by  this  machine  in  Iowa  had  an  18-ft.  top,  4-ft.  bottflO 
and  6>2-ft.  depth.  From  8  to  10  gal.  of  gasoline,  costing  16H  ct*  &t  the  iroifci* 
were  used  per  day.    The  material,  which  was  a  loam  underlain  t^  e 
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'avelly  subsoil,  was  excavated  at  the  rate  of  about  200  cu.  yd.  in  10  hours, 
be  cost  of  operation  per  shift  was  as  follows: 

One  operator $4 .  00 

One  trackman 2.00 

Ten  gallons  gasoline,  at  $0.16>8 1 .  65 

Total $7. 66 

The  cost  per  cubic  yard,  exclusive  of  interest  and  depreciation,  was  about 
8  ct.     The  contract  price  on  6,000  cu.  yd.  was  12  ct. 

Such  a  machine  as  this  would  be  well  adapted  to  digging  the  small  ditches 
the  South  that  are  almost  universally  put  in  by  hand  at  a  cost  of  about  26 
.  per  cubic  yard.  Even  in  ground  covered  with  stumps,  by  using  plenty  of 
iiamite  this  type  of  excavator  could  be  used  to  advantage  in  reducing  the 
st  of  small  ditches. 

In  general,  it  may  be  said  that  the  dry-land  dipper  dredge,  though  applicable 
certain  conditions,  has  no  extensive  use  in  drainage  wq^k,  as  excavation  that 
suitable  to  this  machine  .can  usually  be  handled  to  better  advantage  by  the 
ag-line  scraper  excavator. 

Drag  Line  Excavators  on  Ditch  Work. — The  following  extract,  from  Bulle- 
1  No.  300,  office  of  PubUc  Roads  and  Rural  Engineering  on  "  Excavating 
;achinery  Used  in  Land  Drainage"  by  D.  L.  Yamell,  is  given  Engineering  in 
id  Contracting,  Feb.  2,  1916. 

A  drag-line  excavator  of  the  rotary  type,  having  a  2-yard  scraper  bucket 
id  a  60-ft.  boom,  was  used  in  the  construction  of  drainage  ditches  in  southern 
exas.  It  was  built  mostly  of  wood  and  moved  on  rollers.  Power  was 
mved  from  an  80-hp.  internal-combustion  engine,  burning  oil.  The  cost  of 
le  excavator,  ready  to  operate,  was  $12,000.  It  was  operated  about  10 
lonths  in  two  daily  shifts  of  10  hours  each,  a  shift  consisting  of  10  men.  The 
etual  working  time  was  not  recorded.  The  ditch  ranged  from  4  to  22  ft.  in 
ottom  width,  from  3  to  12  ft.  in  depth,  and  had  1  to  1  side  slopes.  The  soil 
afied  from  a  stiff,  heavy  clay  to  a  fine  sand.  The  excavation  amounted  to 
!30,000  cubic  yards;  the  cost  was  as  follows: 

Operating  expenses $22 ,  313 .  36 

Nuscellaneous  expenses 374 .  70 

.  Interest  and  depreciation 4 ,  100 .  00 

Total $26,788.06 

Cost  per  cubic  yard,  $0.1104. 

On  another  drainage  project  in  southern  Texas,  a  2-yard  rotary  excavator 

was  used.     The  machine  was  of  steel  throughout,  had  a  60-ft.  boom,  and  was 

niounted  on  caterpillar  traction.     The  crew  consisted  of  a  foreman,  operator, 

(Qgineman,  oiler,  and  two  laborers.     The  machine  was  operated  by  a  1 10-hp. 

internal-combustion  engine,  with  oil  as  fuel.     The  total  cost  of  the  machine 

WM  about  $17,500.     The  cost  of  erection  was  $509.     During  the  four  months 

^  operation  two  10-hour  shifts  were  run.     The  ditches  ranged  from  4  to  22 

ft- in  bottom  width  and  from  3  to  12  ft.  in  depth,  with  1  to  1  side  slopes  and 

Wt.berms.     The  material  excavated  was  a  stiff,  heavy  clay.     The  excavation 

•mounted  to  91,400  cu.  yd.;  the  cost  was  as  follows: 

Operating  expenses $  8 ,  873 .  82 

Miscellaneous 371 .  00 

Interest  and  depreciation 2 ,  391 .  00 

Total $11,635.82 

Cost  per  cubic  yard,  $0.1273. 
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In  the  same  general  locality  as  the  last  example  a  IH-y&rd  rotary  drBg-Une 
excavator,  operated  by  a  50-hp.  internal-combustion  engine  and  mounted  oa 
caterpillar  traction,  was  used  in  the  construction  of  some  ditches  in  soil  nuoging 
from  stiff,  heavy  clay  to  fine  sand.  The  ditches  were  of  the  6ame  HtnifinirinM 
as  in  the  foregoing  example.  The  machine  was  rebuilt  from  an  old  dipper 
dredge  at  a  cost  of  about  $1,200.  It  was  operated  in  two  daily  shifts  <rf  10 
hours  each.  The  crew  for  each  shift  consisted  of  from  five  to  six  men.  Dur- 
ing the  five  months  of  operation  the  machine  moved  50,014  cu.  yd.  at  an  ex* 
pense,  exclusive  of  interest  and  depreciation,  of  $8,921,  or  $0.1512  per  cubic 
yard. 

A  rotary  drag-line  excavator  with  a  2K-yard  bucket  and  65-ft.  boom, 
mounted  on  skids  and  rollers,  was  used  in  the  excavation  of  222,500  cu.  yd. 
in  South  Dakota.  The  power  was  obtained  from  a  50-hp.  intemal-combuflttoB 
engine,  using  gasoline.  The  cost  of  the  machine,  complete,  was  $10,500.  The 
total  time  of  construction  was  148  working  days,  or  approximately  six  monttaii 
of  which  23  days  were  occupied  in  making  repairs.  Two  shifts  of  11  hoDn 
each  were  run.  The  soil  was  a  loam  underlain  by  clay.  The  crew  and  nin 
per  month  were  as  follows:  One  superintendent,  $125;  2  cranemen,  at  $100; 
4  trackmen,  at  $50;  1  teamster,  $45;  1  cook,  $40.  The  operating  eipcnwi 
were  as  follows: 

Gasoline,  15,444  gallons,  at  $0.124 $  1,916.06 

Labor 3.060.00 

Subsistence 561 .81 

Cables 978.87 

Repairs  and  renewals 846.08 

Miscellaneous 2.078.72 

Interest  and  depreciation 2 ,  162. 60 

Total ....:...   $11,592.88 

Cost  per  cubic  yard,  $0.0521. 

The  following  costs  were  secured  on  the  operation  of  a  rotary  draf^nt 
excavator  with  an  85-ft.  boom,  2-yard  bucket,  and  a  50-hp.  engine.  The  mA 
was  done  on  the  New  York  State  Barge  Canal.  The  machine  weiglied  147 
tons  and  cost  $10,000.  It  excavated  earth  90  ft.  from  center  on  one  side  lod 
deposited  it  100-ft.  from  center  on  the  other.  It  dug  a  channel  26  ft  dMp. 
and  deposited  the  material  on  waste  bank  15  to  25  ft.  high.  The  mataiW 
was  a  stiff  day,  with  few  stumps  or  bowlders.  The  following  is  a  coodaof- 
ed  cast  record  for  five  months*  work : 

Total  expense 
Month  for  month 

April $1,088.21 

May 1.041.53 

June 1.152.04 

July 1,317.61 

August 1 .  535. 36 

Average  cost  per  yard  for  5  months,  including  all  charges,  $0.0474. 


Yards 

excavated 

Aversflsflfl 

during  month 

peryaid 

5,205 

$0,300 

18.365 

.0668 

25.333 

.0466 

33.055 

.0000 

47,363 

.OSM 

In  May,  items  of  cost  were  as  follows: 


Engineer,  at  $90  per  month $      OO.Oi 

Engineer,  at  $95  per  month 84.04 

Fireman,  pumpmen,  watchmen,  etc.,  at  $1 .75  per  day 868.00 

Coal,  at  $3  per  ton 147.00 

Repairs,  including  labor  and  material ^'S. 

Interest  and  depreciation 841,9' 

Total 81,041.0 
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Cost  of  Drag  Line  BzoiTator  Operation. — Engineering  and  Contracting. 

db.  20.  1018,  gives  the  following. 

In  connection  with  drainage  construction  on  U.  S.  Reclamation  Projects 

rer  2,000,000  cu.  yd.  of  earth  were  excavated  during  1016  with  four  Class 

'^  Bucyrus  electric  dragline  excavators.    The  machines  were  operated  by 

ovemment  employes.    Electric  power  was  furnished  at  a  cost  of  about  0.35 

.  per  kilowatt  hour  from  the  Reclamation  Service  power  plant. 

The  drains  constructed  were  all  open-channel  cuts  varsring  from  7  to  12  ft. 

depth,  with  side  slopes  of  IH  to  1  and  2  to  1,  and  with  usual  base  width  of 

>m  5  to  10  ft. 

The  drag-line  excavators  were  operated  three  8-hour  shifts  per  day  with 

Bfws  of  one  operator  and  one  oiler.    The  material  excavated  consisted  prin- 

ptally  of  clay,  loam,  soil,  and  boulder  gravel  laid  in  clay  and  sand.    This 

tier  material  constituted  about  40  per  cent  of  the  total  excavation  and  wore 

t  bucket  parts  very  rapidly.    Temporary  3-phase  electric  transmission 

les  for  operating  the  excavators  were  erected  at  a  labor  cost  of  about  $85 

r  mile  and  torn  down  at  a  cost  of  $20  per  mile,  the  line  materials  being  used 

peatedly  along  successive  drains.    The  following  table  from  the  last  annual 

port  of  the  U.  S.  Reclamation  Service  shows  the  cost  of  excavating  with  the 

or  drag  lines  for  the  12  months,  Jan.  1  to  Ded.  31,  1016: 

Cost  per 
Claasification  Total  cost      cu.    yd. 

peration $  20.520.88  $0.0077 

>wer 15,661.15  .0050 

epairs ? 33,650.11  .0126 

[oving  up 3,043.80  .0015 

utting  side  drains 4,084.68  .0010 

Inishing  (hand  labor) 620.37  .0002 

Wiling  and  blasting* 217.34  .0001 

doving  to  new  work 1 ,023. 00  . 0007 

Sub-total $  81 , 530 . 42  $0. 0306 

?tt)ject  general  expense            4 ,  468 .  06       .  0017 

Depreciation  excavation  equipment 31 ,043.06       .0120 

depredation  temporary  power  syateni 20 ,  351 .11        .  01 10 

Total  coet $147,302.00  $0.0554 

Total  yardage 2 , 660. 465 

Total  mileage 54 .  17 

Ckwt  per  miW $     2,710.27 

*For  excavation  of  2,385  cu.  yd.  of  rock. 

The  average  digging  rate  of  the  four  machines  was  150  cu.  yd.  per-hour,  or  at 
tbe  rate  of  two  cycles  per  minute,  with  1>^  cu.  yd.  capacity  buckets.  The 
following  table  shows  the  machine  efficiency : 

Total   hours  Per   cent 

^Wag 17,732.50  76.0 

JfPaira 2,720.75  11.8 

!™i« 1,486.00  6.5 

gating 64.75  0.3 

Jfle  drains  and  runways 501 .  75  2.6 

*^owero«F 430.25  1.0 

Total 23,035.00  100.00 

Jn  excavating  2.660,465  cu.  yd.  the  machines  worked  2,824  shifts,  the  aver- 
^  yudage  per  shifting  being  040.    The  highest  run  per  shift  was  1,067  cu. 
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Cost  of  Digging  Drainage  Ditch  with  Gasoline -dxiTon  Dragline. — P.  F. 
Jones  gives  the  following  information  in  Engineering  and  Contracting,  Dec. 
17.  1919.  A  H  cu.  yd.  dragline  during  the  past  season  excavated  a  drainage 
ditch  for  the  Modesto  Irrigation  District  of  Stanislaus  County,  Callfomia,  at 
cost  of  13  ct.  per  cubic  yard.  This  figure  comprises  actual  runningr  ezpenses, 
including  labor  and  material,  but  not  interest  or  depreciation.  The  material 
excavated  was  50  per  cent  sandy  loam  and  50  per  cent  clay  hard  pan.  The 
ditch  had  a  6-ft.  bottom,  was  8  ft.  deep,  with  slopes  of  IH  to  1.  It  was  ap- 
proximately 2  miles  in  length.    The  crew  included  one  operator  at  S200per 
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Fig.  1. — Sketches  sliowing   arrangement  of  holes 

dynamite. 


for  excavating  ditchca  with 


month;  one  oiler  at  S5  per  day  and  one  2-horse  team  and  driver  at  $7  per  day. 
The  quantity  of  earth  moved  per  12-hour  shift  amounted  to  approximately  400 
cu.  yd. 

Cost  of  Excavating  Drainage  Ditches  with  Dynamite. — A  very  conalderabia 
amount  of  farm  ditching  is  being  done  with  dynamite.  Instead  of  dlgginf 
these  ditches  by  hand  or  machine,  one  or  more  rows  of  holes  are  made  akmff 
the  line  of  the  ditch  and  a  small  dynamite  cartridge  is  placed  in  each  hole  and 
the  cartridges  are  exploded  simultaneously.  The  result  of  the  ezploilon  la  e 
channel  wliich  with  very  little  labor  make.«i  a  satisfactory  dratnece  difidt 
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Dynamiting  is  confined  to  the  smaller  sizes  of  ditches,  say  up  to  6  ft.  deep, 
but  for  channels  of  these  sizes  in  suitable  soils  some  very  excellent  Jesuits  are 
reported.  "* 

Fig.  1  shows  the  arrangement  of  holes  for  ditches  of  several  widths.  A  steel 
bar  driven  with  a  sledge  is  employed  to  make  the  holes.  The  cartidges  are 
placed  at  the  bottom  of  the  holes  and  connected  up  with  fuse  or  wire  and  then 
fired  in  the  usual  manner.  The  arrangement  and  spacing  of  the  holes  difter 
with  the  soil  and  had  best  be  determined  for  each  condition  by  a  series  of 
trials.  As  examples,  the  following  reports  of  work  done  at  Chadboume,  N .  .C . , 
for  the  Brett  Engineering  Co.  are  of  interest: 

"  Where  the  ground  was  comparatively  free  from  stumps  and  roots  we  put 
down  holes  18  ins.  apart,  3H  ft.  deep,  and  100  holes  in  all.  Each  hole  was 
pointed  45°  and  loaded  with  one  stick  of  Hercules  60  per  cent  N.  G.  dynamite 
IH  X  8  ins.,  the  center  hole  being  primed  with  an  extra  stick  and  a  double 
strengrth  exploder.  The  result  was  a  good  ditch  7  ft.  wide  on  top,  3  ft.  on  the 
bottom  and  3  ft.  deep  and  150  ft.  long.  Costs  of  finishing  and  trimming 
according  to  specifications  per  running  foot  were: 

Total  cost  of  explosives  used $1 1 .  35 

Total  cost  of  putting  down  holes .50 

Total  cost  of  finishing  and  trimming .' 4.50 

Total  cost  of  150-ft.  ditch $16.35 

Total  cost  per  running  foot .  100 

"  The  next  ditch  was  shot  at  Sollo  Swamp,  where  the  ground  was  heavily 
matted  with  roots  and  stumps.  The  specifications  here  called  for  a  ditch  14 
ft.  wide,  2V^  ft.  deep.  We  put  a  double  row  of  holes,  100  in  each  row,  18  ins. 
apart  laterally,  4^^  ft.  apart  longitudinally,  and  4  ft.  deep.  Both  rows  pointed 
45°  in  the  same  direction.  The  middle  holes  primed  with  an  extra  stick  and  a 
double  strength  exploder.  Along  the  path  of  this  ditch  we  counted  35  stumps 
from  6  ins.  to  3  ft.  in  diameter.  The  result  was  a  clean  ditch  12  to  14  ft.  wide, 
4  ft.  deep  and  150  ft.  long. 

Cost  of  explosives  per  running  ft $0 .  10 

Cost  of  holes  per  running  ft 0066 

Cost  of  labor  per  running  ft 03 

Total  cost  per  running  ft $0. 1366 

"  The  next  ditch  was  shot  at  Dunn  Swamp,  where  we  decided  to  put  down 
150  ft.  in  the  muddiest  and  stickiest  kind  of  ground.  We  put  down  a  double 
row  of  holes  18  ins.  apart,  4'/^  ft.  laterally,  4  ft.  deep,  both  rows  pointed  45° 
in  the  same  direction.  Each  hole  loaded  with  one  stick  of  60  per  cent  and  the 
middle  hole  of  each  row  primed  with  a  double  strength  exploder.  All  the 
holes  well  tamped.  Result  was  a  very  clean  ditch  14  ft.  wide,  3^^  to  4  ft. 
deep  and  150  ft.  long.  The  total  cost  of  this  ditch  was  the  same  as  the  ditch 
shot  at  Sollo  Swamp." 

According  to  Engineering  and  Contracting,  March  21,  1917,  dynamite  was 
used  in  blasting  open  drainage  ditches  at  the  exi>eriment  station  farm  of  the 
Montana  Agricultural  College  at  Bozeman,  Mont.  The  soil  where  the  ditch- 
ing was  done  is  very  gravelly  and  contains  many  large  rocks,  making  digging 
difficult  and  expensive. 

Two  sticks  of  60  per  cent  Hercules  dynamite  were  placed  in  holes  22  in. 
apart,  this  distance  being  determined  by  experimenting  to  be  the  most  desir- 
able for  the  soil  conditions.  About  25  holes  were  usually  fired  at  one  shot,  the 
middle  hole  being  used  for  the  primer.  A  length  of  647  ft.  was  blasted  at  a 
cost  for  labor  of  $51.25,  or  $1.31  per  rod.     The  expense  of  cleaning  out  the 
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ditch  after  blasting  was  27  cts.  per  rod,  which  is  included  in  the  above  cost. 
Dynamite,  caps  and  fuse  for  the  job  cost  $1.05  per  rod  (dynamite  at  22  ct. 
I>er  pound).  The  following  is  a  comparison  of  three  lengths  of  ditch  con- 
structed in  1015: 

Kind  of  work                                                                         Length  of  Total  cost 

ditch,  rods  per  rod 

Hand-dug  ditch 14.0  $3.35 

First  length  of  blasted  ditch 17.0  3.10 

Second  length  of  blasted  ditch 39. 2  2.36 

Cost  of  Maintaining  Drainage  Ditches  in  the  South.— According  to 
Engineering  News- Record,  Aug.  8,  1918,  keeping  a  land  drainage  chumel 
clear  of  growth  and  debris,  cost  $15  to  $35  per  mile  on  a  ditch  8-ft.  deep, 
14-ft.  wide  at  base  and  with  side  slopes  of  1>^ :  1 .  These  costs  per  mUe  include: 
labor,  moving  camp,  food  and  cook's  salary,  depreciation  on  camp  equipmeot 
and  tools,  together  with  all  incidental  expenses  with  the  exception  of  Engineor- 
ing  supervision. 

The  rates  of  wages  were  as  follows:  foreman  $3  per  day,  laborers  boarding 
in  camp  $1  per  day  and  laborers  boarding  themselves  $1.25  to  $1.50  per  day. 

Costs  of  Cleaning  Drainage  Ditches. — Methods  employed  in  deaning 
drainage  ditches  are  da«icribed  by  Seth  Dean,  in  the  Proceedings  of  the  Iowa 
State  Drainage  Association;  from  which  Engineering  and  Contracting.  Oct. 
28,  1914,  abstracts  the  foUoA^ing: 

In  the  si)ring  of  1910  the  writer  cleaned  a  bed  of  silt  ranging  from  6  ins.  to 
3  ft.  in  thickness  and  three-fourths  of  a  mile  in  length  from  a  channel  originally 
cut  16  ft.  wide  on  the  bottom,  but  at  the  time  in  question  the  stream  off  water 
flowing  over  the  silt  was  about  10  ft.  wide  and  1  ft.  deep,  the  rate  of  fall  being 
about  2  ft.  per  mile.  There  was  considerable  sand  and  some  drift  in  the  silt 
but  no  growth  of  weeds  or  brush.  The  plant  used  consisted  of  a  flat-bottcuned 
boat  or  scow,  7  X  18  ft.  in  size  and  16  ins.  deep,  made  of  1-in.  plank.  In  the 
bottom  of  the  scow  a  platform  of  2-in.  plank  was  laid  to  support  the  noadilii- 
ery,  which  consiste<i  of  a  4-hp.  gasoline  engine  belted  to  a  Myers  pump  with 
3-in.  suction  and  2i^^-in.  discharge.  The  pump  was  equipped  with  10  ft 
of  3-in.  suction  hose  with  strainer  on  the  inlet  end,  and  for  discharge  had  about 
15  ft.  of  2^^-in.  fire  hose  with  1-in.  nozzle.  The  scow  when  loaded  requind 
about  6  ins.  depth  of  water  to  float.  Conunencing  at  the  lower  end  of  the 
silt  bed  the  boat  was  poled  forward  or  held  in  place,  as  required,  and  a  Jet 
of  water  turned  through  the  nozzle  into  the  silt  that  readUy  broke  and  elirnd 
it  up,  pernntting  the  water  to  float  it  away.  The  work  was  done  in  March  and 
April,  when  the  flowing  water  was  clear  and  capable  of  carrying  silt  in  suspeD- 
sion,  the  distance  from  the  center  of  the  silt  bed  to  the  outlet  of  the  ditch  WM 
about  10,000  ft.,  and  the  current  sufficiently  strong  that  little  settling  of  dt 
occurred.  Three  higTiway  and  one  railroad  bridge  spanned  the  ditch  in  the 
distance  cleaned,  but  the  boat  readily  passed  under  them.  Two  men  operated 
the  machine  and  the  total  amount  of  silt  removed  was  2,346  cu.  yds.  In  3$ 
working  days.    The  cost  of  the  eciuipment  was  as  follows,  viz.: 

Cost  of  scow $  46. 00 

Engine  and  pump 200.00 

15-Tt.  condemned  hose  and  nozzle / 3.00 

Belting  and  fixings 8.00 

Freight  hauling  and  setting  up 82.00 

Two  men  33  davs  at  $4 182.00 

Gasoline  and  oil 90.40 

Repairs  on  machinery 1.06 

Total $448.06 
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After  the  work  was  completed  the  plant  was  dismantled  and  the  engine  and 
•ump  shipped  to  other  work  which  was  charged  with  their  cost,  thus  making 
he  net  cost  of  the  plant  $248.05  and  the  cost  of  cleaning  10.53  cts.  per  cubic 
ard. 

On  one  occasion  a  bed  of  silt  interspersed  with  logs,  brush,  cornstalks, 
tc.,  was  removed,  using  drags  made  from  the  beams  and  shovels  ot  womout 
om  cultivators  by  bolting  the  parts  together  in  such  manner  that  they  pre- 
ented  the  appearance  of  two  anchors  placed  at  right  angles.  The  point  of  the 
eam  was  fitted  with  a  swivel  so  the  implement  could  revolve.  By  attaching 
opes  to  the  drag,  placing  a  team  on  each  bank  and  dragging  the  plow  in  the 
hannel,  the  mass  was  broken  up.  After  pulling  out  the  logs  and  wire  (dyna- 
lite  being  used  sometimes  to  dislodge  them)  the  water  floated  out  the  silt. 
L  close  measurement  of  the  silt  and  drift  removed  from  the  channel  was  not 
lade,  as  the  work  was  done  under  the  day  system,  but  approximately  2,800 
u.  yds.  were  taken  out,  the  cost  being  the  following  items: 

Four  teams  with  drivers,  at  $3.50  each  for  24  days $336.00 

Two  drags  witli  ropes  and  fixtures 10.00 

Dynamite  used ^ 5 .  00 

Foreman,  24  days  at  $2.50 * 60. 00 

Totol $411.00 

Or  about  15  cts.  per  cubic  yard. 

In  the  fall  of  1912jive  cleaned  and  deepened  what  is  known  as  Seaton's  ditch, 
ear  Missouri  Valley.  This  is  a  drainage  ditch  7,600  ft.  long  with  6  ft.  bottom 
idth,  and  side  slopes  1  to  1.  During  the  rainy  season  and  for  a  time  after- 
ward the  ditch  carries  water  but  is  usually  dry  during  the  fall  months.  The 
rork  of  cleaning  was  done  by  contract  at  19  cts.  per  cu.  yd.  The  contractor 
id  to  do  the  work  with  teams,  but  the  ground  proved  too  soft  for  this  method, 
nd  a  small  drag  line  dredge  was  purchased  and  the  work  successfully  carried 
ut  with  this,  which  proved  to  be  an  excellent  machine  for  the  work.  The 
lachine  was  made  at  Cherokee,  la.,  of  light  timber  construction.  The  frame- 
work, 16  ft.  wide,  is  mounted  on  rollers  and  designed  to  work  astride  the 
itch  in  clean-out  work.  The  power  is  generated  by  an  8-hp.  gasoline  engine, 
which  also  serves  to  move  the  machine  forward  or  transport  it  from  one  job 
0  another  along  the  country  roads  if  the  distance  is  not  great.  It  uses  a 
ne-third  yard  scoop;  two  men  operate  it,  using  about  10  gals,  of  gasoline 
•er  day.  About  250  cu.  yds.  of  earth  in  ten  hours  was  the  capacity  of  the 
lachine  on  the  job  in  question.  The  machine  is  of  wood  construction  and  is 
ot  very  durable,  but  as  most  of  it  is  of  sizes  kept  in  all  lumber  yards,  defective 
•arts  can  be  easily  replaced. 

Cost  of  and  Profits  from  Tile  Underdrains. — The  following  discussion  by 
I.  D.  Marsden,  published  in  Engineering  and  Contracting,  July  7,  1914,  is 
aken  from  the  Year  Book  of  the  Department  of  Agriculture. 

Costs. — The  cost  of  drainage  will  vary  considerably  with  the  location  of  the 
vork,  owing  to  differences  in  the  cost  of  tile  and  of  labor:  it  will  vary  more  with 
he  nature  of  the  soil  and  the  consequent  depth  and  spacing  of  the  drains, 
rile  of  4-in.  inside  diameter  will  cost  $16  to  $20  per  thousand  feet  at  the 
actory  and  often  $25  per  thousand  delivered  at  the  railway  station.  If  4-in. 
ile  cost  $25  per  thousand,  5-in,  will  cost  about  $35,  6-in.  about  $45,  and 
J-in.  about  $80  per  thousand  feet.  Labor  will  vary  from  75  cts.  to  $1.50  or 
nore  per  day,  but  as  the  cheaper  labor  is  considerably  less  efficient  the  cost  per 
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rod  of  drain  will  be  more  uniform.  As  an  average  cost  for  trenchiDiTi  l>7ins> 
and  backfilling  over  the  tile,  about  50  cts.  per  rod  for  a  depth  of  3  ft.  mij  be 
assumed;  lower  prices  may  be  secured  on  large  contracts  that  maloB  It 
economical  to  use  a  trenching  machine  or  a  large  force  of  experienced  workmOL 
Deeper  digging  and  larger  tile  require  more  excavation  and  involve  hi|^ 
prices.  There  also  will  be  expense  for  hauling  the  tile  from  the  railroad, 
and  for  engineering  work  in  planning  and  laying  out  the  drains.  Silt  weDs, 
surface  inlets,  and  masonry  protection  for  tile  outlets  must  be  provided 
where  needed.  The  total  cost  of  drainage  will  ordinarily^ range  from  $15  to 
$45  per  acre,  the  lower  price  mentioned  being  reached  when  the  epadiig  of 
drains  is  perhaps  150  ft.  and  the  higher  figure  when  the  spacing  is  about  4 
rods  or  a  little  less.  A  very  common  cost  for  tile  drainage  is  $25  per  acre. 
The  farmer  can  often  do  a  considerable  part  of  the  hauling  and  other  labor 
with  his  own  teams  and  regularly  employed  help,  especially  where  the  amaant 
of  work  is  not  large,  saving  no  small  cash  outlay.  Of  couree  the  foragoiiif 
prices  do  not  antici[)ate  the  excavation  of  rock,  large  stones,  or  other  very 
hard  formation  in  any  considerable  quantities,  for  this  will  quickly  multiply 
the  labor  cost. 

Open  ditches  cost  from  12  to  20  cts.  per  'cubic  yard  of  dirt  removed,  the 
price  increasing  with  the  size  of  the  ditch  because  the  material  must  be  moved 
farther.  A  ditch  3  ft.  deep,  2  ft.  in  top  width,  and  1  ft.  in  bottom  width  wouU 
cost  33  cts.  per  rod  at  12  cts.  per  cubic  yard;  a  ditch  4  ft.  deep,  with  3-ft. 
bottom  and  6-ft.  top,  would  cost  $1.65  per  rod  at  15  cts.  per  cubic  yezd;  and 
a  ditch  4  ft.  deep,  with  4-ft.  bottom  and  8-ft.  top,  would  cost  $2.06  per  rod  at 
20  cts.  per  yard.  If  open  ditches  of  the  smallest  size  were  used  150  ft.  spart, 
with  a  collecting  ditch  of  the  medium  size,  the  cost  of  drainage  would  hardly 
be  less  than  $7  per  acre.  The  difference  between  tile  and  open  draJna  would 
then  be  $8  per  acre;  the  interest  on  such  an  investment  would  be  80  cts.  per 
acre  at  10  per  cent,  or  50  cts.  per  acre  at  6  per  cent.  This  amount  would  not 
nearly  pay  for  the  labor  of  keeping  the  ditches  clear  of  weeds,  dirt,  and  otfaer 
obstructions,  not  to  mention  the  increase  in  labor  occasioned  by  havloff  the 
field  cut  into  small  parts.  The  advantage  of  using  tile  becomes  greater  aa  the 
distance  between  drains  is  reduced,  not  only  because  of.  the  labor  of  eulthar^ 
tion,  but  also  because  of  the  ground  area  used  for  ditches  instead  of  for* 
cropping. 

Profits. — The  actual  value  of  farm  drainage  is  indicated  by  the  imUnoBf 
at  owners  who  have  done  this  kind  of  work.  Many  of  them  state  ftnthwiae- 
tically  that  drainage  has  doubled  and  trebled  their  crops  and  has  incnaaad 
the  value  of  the  land  50  to  300  per  cent.  The  examples  cited  herein  hftve 
been  selected  as  typic4il  of  the  results  from  properly  draining  form  landa 
in  the  humid  region  of  the  l.^nited  States.  Because  the  reclamation  at  lai|a 
swamp  tracts  frequently  involves  considerable  exp^ise  for'dearing  and  aonM 
times  for  soil  treatment  after  drainage,  the  profits  shown  below  are  in  no  way 
indicative  of  those  to  be  obtained  from  large  swamp  reclamations.  NaltlMr 
should  these  results  he  used  in  considering  the  drainage  of  irrigated  land  in  tba 
arid  region. 

In  the  coastal  plain  of  North  Carolina  about  25  acres  that  were  produdng 
nothing  were  tile  draine^l  for  perhaps  $250.  probably  not  including  coata  of 
teaming  and  of  sui)ervision,  and  since  then  have  produced  a  bale  of  cotton  PV 
acre.  A  field  of  six  acres  was  drained  for  about  $160,  and  the  owner  mabe 
good  crops  on  soil  worthless  without  drainage.  In  the  black  prairie  belt  of 
Alabama,  a  field  that  had  not  been  cultivated  in  years  because  too  wet  vaa 
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drained  with  tile;  then  it  proQuced  one  bale  of  cotton  per  acre  and  repaid  the 
entire  cost  of  drainage  the  first  year.  The  following  year  the  field  yielded 
50  bushels  of  com  per  acre,  twice  the  rate  from  the  other  parts  of  the  farm. 
Another  drained  field  produced  one  bale  of  cotton  per  acre,  while  the  undrained 
land  produced  only  half  a  bale.  A  10-acre  field  that  .srielded  practically 
nothing  in  1912  was  tOe  drained,  and  in  1913  produced  60  bushels  of  oats  per 
acre;  in  1914  the  rate  was  again  60  bushels  of  oats,  in  contrast  to  10  bushels 
per  acre  from  the  adjoining  15-acre  field  planted  to  the  same  grain.  The  cost 
of  most  of  the  tile  drainage  in  Alabama  has  been  about  $25  per  acre,  some  of  it 
as  high  as  $30  to  $35,  but  increases  of  50  to  200  per  cent  in  srields  and  the 
assurance  of  good  crops  every  year  instead  of  only  in  very  favorable  seasons  are 
very  satisfactory  returns.  The  cost  of  drainage  there  has  usually  been 
repaid  in  two  to  three  years  by  the  improved  crops.  In  Iowa,  a  field  of  40 
acres  too  wet  for  planting  was  tile  drained  at  a  cost  of  $24  per  acre,  after 
which  it  produced  60  bushels  of  com  per  acre.  Another  field  was  drained 
for  $23  per  acre,  thereby  increasing  the  yield  from  15  bushels  to  40  and  50 
bushels  of  com  per  acre.  In  Arkansas,  on  one  of  the  State  farms,  1  bale  of 
cotton  per  acre  was  secured  in  favorable  years,  and  nothing  at  all  when  the 
early' part  of  the  season  was  wet;  the  year  following  the  installation  of  tile 
the  yield  was  IV^  bales  per  acre.  In  Nebraska  a  tract  of  more  than  700  acres 
was  tile  drained  at  $24.25  per  acre,  a  pumping  plant  cost  $2  per  acre,  and  as 
part  of  a  larger  district  the  cost  of  levees  to  protect  from  overflow  was  $9 
per  acre.  The  improvement,  for  a  total  cost  of  $35  per  acre,  immediately 
increased  the  crop  on  about  80  acres  of  corn  22  bushels  per  acre,  and  on 
another  part  the  increase  in  two  years  was  from  nothing  to  more  than  30 
bushels  of  wheat  per  acre. 

Owners  have  found  that  tile  drainage  has  reduced  the  cost  of  farming  opera- 
ti(ms  20  to  50  per  cent,  so  the  increased  production  on  land  cultivated  previous 
to  drainage  is  clear  profit.  To  find  the  profit  upon  draining  land  that  has 
been  abandoned,  of  course  the  cost  of  planting,  cultivating,  and  harvesting 
must  be  deducted  from  the  gross  receipts  for  the  crops  raised.  Investigations 
cH  the  cost  of  producing  cotton  and  of  producing  wheat  indicate  that  where 
expensive  fertilizers  are  not  used  the  cost  per  acre  for  growing  and  marketing 
varies  little  if  at  all  with  the  rate  of  yield. 

To  compute  the  actual  money  value  of  drainage  requires  that  certain 
assumptions  be  made.  If  the  average  production  of  a  field  is  increased  about 
one-half  bale  of  cotton  per  acre,  worth  10  cents  per  pound,  the  income  is 
increased  about  $25  per  acre,  equivalent  to  a  10  per  cent  dividend  oh  $250, 
or  a  return  of  71  per  cent  on  a  drainage  cost  of  $35  per  acre.  If  drainage 
increases  the  yield  of  com  25  bushels  per  acre,  worth  50  cents  per  bushel, 
the  returns  of  $12.50  per  acre  would  be  equivalent  to  a  10  per  cent  dividend 
on  $125,  or  50  per  cent  annually  on  a  cost  of  $25  per  acre.  However,  to 
capitalize  the  net  increase  in  value  of  the  crops  at  the  regular  rate  of  interest 
might  be  a  fair  measure  of  the  increase  in  producing  value  of  the  land,  but 
this  is  the  result  of  drainage  added  to  what  may  be  called  the  unused  fertility 
of  the  soil.  It  will  be  better  to  consider  the  increase  brought  about  by  drain- 
age in  the  market  value  of  the  property.  In  the  Piedmont  section  of  North 
Carolina  a  55-acre  farm  was  bought  about  six  years  ago  for  $1^900 ;  ditching 
was  started  the  first  year  and  tile  drainage  two  years  later;  in  1913  the  crops 
were  worth  $2,000,  and  in  1914  the  owner  refused  $5,000  for  the  farm.  In 
the  mountain  section  of  the  same  state  about  22  acres  that'  grew  only  saw 
grass  and  bulrushes  were  tiled  for  $35  to  $40  per  acre,  and  the  owner  now 
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values  the  land  at  $150  per  acre.  Another  farmer  spent  about  $200  cash,  and 
probably  some  of  his  own  time,  in  tile  drainage,  and  thereby  increased  tbB 
market  value  of  his  farm  $500  to  $800.  Another  man  reports  the  results  as 
300  per  cent  increase  in  the  selling  price  of  the  land  and  40  per  cent  in  tbo 
assessed  value;  still  another,  who  drained  10  acres  for  about  $140,  gives  the 
results  as  one-third  increase  in  assessed  value,  two-thirds  increase  in  seUing 
price,  and  more  than  100  per  cent  increase  in  production.  In  eastern  Mary- 
land tile  work  costing  $500  increased  the  farm  value  $1,000,  and  work  costing 
about  $240  increased  the  value  of  another  farm  $500. 

In  considering  the  economy  of  farm  drainage  it  is  proper  to  compare  the 
anticipated  results  with  the  probable  returns  from  otherwise  investing  the 
money  that  the  drainage  work  will  cost.  When  a  farmer  considers  investing 
some  of  his  savings  to  increase  his  business  a  question  often  to  be  met  ii: 
Shall  he  buy  more  land  or  improve  some  of  what  he  already  owns?  If  com 
land  producing  50  bushels  per  acre  sells  for  $80  per  acre,  and  he  has  marsh  land 
which  cost  $10  per  acre  that  produces  nothing,  drainage  at  $30  per  acre  will 
be  profitable  if  it  will  make  the  marsh  produce  25  bushels  of  com.  provided 
there  are  no  other  costs  for  preparing  the  land  for  cultivation.  If  the  whole 
cost  of  drainage  and  other  reclamation  work  is  $50  per  acre,  and  the  result 
50  bushels,  the  land  has  been  made  worth  $80  for  a  total  cost  of  $60  per  acre. 
If  land  yielding  40  bushels  per  acre  can  be  made  to  produce  50  bushels  by 
drainage  at  $25  per  acre,  perhaps  it  would  be  true  economy  to  buy  more  good 
land  at  the  price  stated  rather  than  to  drain;  for  $1,000  spent  improving  40 
acres  would  yield  400  bushels,  while  the  same  money  buying  12H  acres  osw 
would  yield  625  bushels.  The  difference  in  value  at  50  cents  per  bushel 
would  be  $1 12.50.  Howevd)*,  the  increase  in  cost  of  farming  the  larger  acreage 
might  be  considerable;  if  it  would  amount  to  as  much  as  $3  per  acre  it  would 
more  than  offset  the  difference  in  total  yield,  for  there  would  be  no  Increaae  * 
in  cost  of  farming  on  the  drained  land.  Actual  comparisons  of  the  profits  to 
be  obtained  from  farm  improvement  and  from  purchasing  improved  land 
will  many  times  show  the  farmer  to  be  true  economy,  in  spite  of  seemingly 
small  gross  returns.  As  larger  markets  raise  the  prices  of  agricultural  |M0- 
ducts,  land  values  must  increase  and  larger  expenditures  per  acre  for  dr^nage 
will  be  profitable. 

Cost  36  Miles  of  Tile  Drains. — The  following  data  are  given  by  L.  H.  Qod- 
dard  and  H.  O.  Tiffany  in  Circular  No.  147  of  the  Ohio  Agricultural  Ezpeci- 
ment  Station. 

Description  of  Soil  on  the  Farm  Drained.* — Practically  all  of  the  soil  on  tUi 
farm  is  of  glacial  origin,  and  has  been  derived  from  the  drift,  which  is  here  com- 
posed very  largely  of  pulverizerl  shale.  The  principal  type,  called  Papakating 
clay,  is  a  clay  loam  containing  (luite  a  large  percentage  of  silt.  Tlie  surface  soil 
consists  of  a  pale  yellowish  or  grayish  brown  clay  or  heavy  silt  loam  about  9 
inches  deep,  which  gradually  becomes  heavier  with  depth  until  at  18  to  34 
inches  it  is  mottled  yellow  and  gray  or  l)lue  clay,  which  becomes  decidedly 
plastic  at  a  depth  of  3  feet.  The  higher  elevations,  or  knobs,  which  warn 
occasionally  encountered,  are  somewhat  lighter  in  texture,  sometimes  ap- 
proaching a  sandy  loam,  and  usually  contain  some  large  stones  or  gravel  in 
both  soil  and  subsoil. 

The  lower  lying  soil,  calle<l  Volusia  silty  clay  loam,  consists  mainly  of  a 
dark  colored  clay  loam  or  clay,  varying  greatly  in  depth  and  underlain  by 


*  Prepared  by  Dr.  George  N.   Coffey  of  the  Ohio  Agricultural  Ekperimenfe 
Station. 
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iff  mottled  or  bluish  day.    This  subsoil  clay  was  considered  by  an  expert 

be  of  the  right  quality  for  tile  making. 

Near  the  centera  of  the  main  swamp  areas  there  occur  small  areas  of  muisk 
id  washed-in  material.    The  d^xisit  of  muck  is  shallow  uid  the  soil  is  -very 
»rous,  allowing  the  water  to  disappear  readily  after  rains  and  storms. 
Methods  of  Ptoeodure. — The  work  of  installing  the  tile  was  conducted 

the  field  by  the  Junior  author,  and  all  records  were  kept  and  compiled 
f  him.    The  compilation  and  the  manuscript  have  been  checked  by  O. 

Brown,  who  was  anasidlstant  on  the  farm  under  Mr.  Tiffuiy*s  management, 
lis  work  of  installation  was  done  in  cooperation  with  the  Ohio  Experl- 
ent  Station  and  the  U.  S.  Department  of  Agriculture,  the  regular  time  bUmics 
the  Department  of  Cooperation  of  the  Ohio  Experiment  Station  being  used, 
le  records  given  herein  are  quite  accurate  so  far  as  they  go,  and  for  the  oon- 
tions  under  which  the  work  was  done. 

The  planning  and  la3ring  out  of  the  tiling  systems  in  any  given  field  was 
»ne  by  the  Farm  Manager,  usually  just  previous  to  starting  tiling  operations. 

a  few  instances  surveys  of  the  main  ditches  were  made  by  an  engineer  to 
termine  the  necessary  depth  of  cuts  at  intervals  along  the  line.  Surveys  of 
is  kind  are  espedaUy  valuable  when  a  de^  cut  is  to  be  made.  In  many 
stances  levels  were  run  on  ditches  where  the  amount  of  fan  was  doubtful. 
1  ordinary  carpenter's  spirit  level  with  sights  attached  was  used  for  this 
ipose.    This  method  is  hardly  accurate  enough,  but  on  most  laterals  up  to 

rods  in  length  very  good  results  were  obtained.    When  a  main  ditch  Is 
ffi-  80  rods  long  and  has  but  little  fall  the  Y  level  should  be  used.    At  the 
iBe  of  the  season's  operations  an  engineer  was  employed  to  make  a  plot  of 
B  fields  tiled,  showing  the  exact  locations  of  all  the  drains. 
All  ordinary  labor,  such  as  hauling  of  tile,  filling  of  trenches,  etc.,  was  done 

men  and  teams  taken  from  the  regular  force  on  the  farm. 
THino  Work  Done  in  1900. — In  the  season  of  1009  the  drainage  (HMrations 
rre  oonfined  to  a  single  field  (hereafter  designated  as  No.  2),  with  the  excep- 
»n  of  about  one-half  mile  of  tiling  for  which  figrures  are  not  included  in  this 
cular.  The  outlet  for  this  field,  which  was  an  open  ditch,  had  been  pro- 
led  the  previous  fall. 

The  surface  conditions  of  this  field  were  somewhat  varied.  The  larger 
rtion  of  it,  or  about  30  acres,  was  upland  and  quite  rolling  for  this  section  of 
3  state.  The  other  10  acres  was  mostly  a  clay  and  muck  swamp.  On  the 
land  it  was  comparatively  easy  to  secure  a  sufficient  fall  in  all  ditches,  the 
1  per  100  ft.  averaging  about  8  inches,  but  the  swamp  area  the  fall  would 
t  average  over  one  inch  per  100  feet.  One  main  ditch,  which  was  in  12-inch 
9,  was  carried  practically  on  a  level  for  about  800  feet,  the  grade  being  deter- 
ned  by  the  use  of  water.  The  condition  of  the  upland  portionl  of  this 
id  would  be  an  average  for  land  in  that  section  that  had  never  been  working 
was  oovwed  with  a  heavy  bluegrass  sod  which  h&d  been  pastured  for  many 
ars.  The  ten  acres  of  lowland  or  of  swamp  area  were  covered  with  bul- 
shes^t^at-tails,  swamp  brush,  trees,  etc.,  and  in  many  instances  a  clearing 
d  to  be  made  before  starting  a  ditch.  The  cost  of  this  clearing  for  a  ditch 
IS  comparatively  trivial,  however,  and  is  included  in  the  cost  of  tiling  the 
Id. 

WHh*  the  exception  of  about  160  rods  the  trenching  was  all  done  by  hand 
ii  year;  this  160  rods  was  dug  by  a  machine  rented  at  an  average  price  of 
ic  per  rod  tot  the  trenddng  alone.  This  cost  of  trenching  was  not  deducted 
Ml  figured  sepaiatdy,  but  Included  with  the  hand  dug  ditches  by  using 
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exact  figures  of  cost.  Regular  workmen  employed  for  spading  or  trenching 
were  paid  from  20c  to  22Mc  per  hour  for  actual  time  put  in.  One  man  of  kmg 
experience  who  did  the  bottoming,  grading  and  laying  of  the  tile  received  25c 
per  hour.  The  distance  actually  covered  by  each  workman  would  not  average 
over  8  rods  per  day  under  very  favorable  conditions. 

Operations  in  1909  were  begun  in  the  month  of  May,  and  for  two  months  an 
average  of  6  men  were  employed  to  dig  the  trenches.  Little  work  was  dcHW, 
however,  during  the  month  of  July  and  early  August  because  some  of  the 
workmen  were  needed  for  harvesting  and  because  the  ground  became  so  hard 
and  dry.  No  tiling  was  done  later  than  Oct.  1st.  that  year.  Table  I  shows 
a  summary  of  the  1909  tiling  operations. 

Table  I. — Summary  of  Tiling  Operations  in  1909 
Total  rods,  2,560;  total  area,  40  acrcB.     Man  rate,  15c  per  hour;  horse  rate, 
10c  per  hour. 

Total    labor Labor  per  rod"  '  — 

Hours Hours 

Man      Horse  Cost        Man     Horse        Coat 

HauUngtile 135.5       271     $       47.42  .053       .106     $0.0186 

^Trenching  &  laying  tile  . .  .  3855 .0       ...  963 .  74  1 .  500 

Filling  ditches 305.0       305  76.23  .119 

'Other  equipment  charges 10 .  00 

Cost  of  tile 555. 39 

Overhead  charges 58 .  88 

Plotting  drains 40 .  45 


.8760 
119  .0300 

.0040 
.2170 
.0280 
.0158 


Totals 1,752.11 6844 

1  Man  rate  varied  from  20  to  25  cents  per  hour.  The  cost  is  exact,  but  honn 
approximate. 

2  Approximate. 

Explanation  of  Cost  Claaaificationa  Found  in  Tables  J,  //  and  III. — Of  tbBM 
classifications,  figures  for  machine  operator,  hauling  tile,  trenching  and  layingi 
laying  tile,  filling  ditches,  undivided  operations  and  plotting  drains  are  glvoi 
in  dollars  based  on  the  number  of  hours  worked,  the  cost  being  obtained  hf 
multiplying  hours  of  labor  by  the  rate  per  hour.  Machine  charges  and  otbar 
equipment  charges  include,  in  addition  to  labor,  cash  repairs,  interait  oo 
investment  and  depreciation  on  equipment.  The  gasoline,  oil  and  oost  of 
tile  are  straight  cash  charges  and  are  put  in  at  the  actual  price  paid. 

Overhead  charges  in  this  work  included  only  the  cost  of  the  actual  timB  d 
the  farm  manager  to  lay  out  and  plan  the  draiAage  system  and  to  direct  tba 
work  in  the  field.  The  time  required  to  execute  this  duty  varied  constdeiiWy 
from  day  to  day.  After  the  system  was  once  outlined  and  everythlogf  worUiiff 
well  it  did  not  ordinarily  require  more  than  one  or  two  hours  a  day. 

Tiling  Operations  in  1910. — In  1910  tiling  operations  were  conducted  00 
ten  separate  fields,  covering  twelve  water  sheds.  Table  II  shows  that  sercQ 
of  these  fields  were  smaH,  and  as  several  oi)erations  were  carried  on  atinid- 
taneously  in  them,  it  was  not  practical  to  keep  the  cost  of  each  one  separataly. 
These  contained  21  acres  and  inclurled  216  rods  of  water  pipe  line.  mtw^Bn  and 
lines  for  hog  barn  disposal.  The  total  area  drained  during  the  year  was  Wi 
acres  and  a  total  of  4080  rods  or  12  ^i  miles  was  installed  in  that  area. 

For  the  work  this  year  a  new  power  tile  ditching  machine,  equipped  wtlh  a 
gasoline  engine,  was  purchased  early  in  the  spring  and  nearly  all  the  tCHMhtng 
done  during  this  season  was  with  this  machine.  One  man  was  requirad  to 
operate  the  ditching  machine  and  another  man  to  lay  tile,  althougli  tba  tile 
layer  occa.sionally  assisted  the  machine  operator  in  setting  grade  atakH. 
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Tablb  II. — SuiiMART  OP  TiuNO  Opsratxons  in  1910 

Man  rate,  15c  i)er  hour:  horse  rate,  10c  per  hour;  machine  operator,  20c  per 
hour. 


-Field  cost- 


Operations  Field  24 

Areas  in  acres 29 

Rods 1,691 

Machine  charges $172 .  46 

Machine  operator 66 .  92 

Gasoline 35 .  50 

OU 1.74 

Hauling  tile 59.34 

Contract  laying  tile 115. 95 

Filling  ditches 52. 08 

Other  equipment  charges. .  6. 17 

Undivided  operations 25. 51 

Cost  of  tile 325.95 

Overhead  charges 36 .  59 

Plotting  drains 25. 13 

Grand  totals $923.34 

•  12^  miles. 


Field  29     Field  30 


lOK 
765 

$  81.84 

28.04 

14.34 

1.43 

41.80 

41.25 

28.40 

3.05 

3.00 

132.16 

17.37 

11.93 


6 

300 

$  32.52 

12.64 

5.17 

.64 

12.03 

22.95 

6.16 

1.20 

3.60 

79.47 

6.90 

4.74 


Seven 
misc. 
areas 

21 

1.434 

$155.41 

20.86 

34.51 

2.06 

18.83 

78.60 

17.12 

4.58 

144.53 

297.42 

32.99 

18.88 


Total 

65H 

4,080* 

$  442.23 

128.46 

89.52 

6.87 

132.00 

258.76 

102.76 

15.00 

176.64 

835.00 

93.86 

60.68 


$404.61     $187.02     $826.79  $2,340.76 


repahing  the  machine,  etc.  The  main  ditch  was  first  installed  and  then  the 
laterals  were  connected  to  it  in  a  systematic  manner.  In  connecting  laterals 
to  the  main  it  was  necessary  to  do  some  hand  digging,  because  the  machine 
:ould  not  be  put  to  the  proper  grade  nearer  to  the  main  ditch  than  6  or  8  feet, 
iepending,  of  course,  upon  the  depth  of  the  main.  The  cost  of  this  necessary 
land  digging  in  connecting  the  laterals  with  the  main  ditches  has  been 
issembled  with  other  costs  in  a  column  called  "Undivided  operations." 

The  largest  field  tiled  during  the  year  1910  contained  29  acres.  Ii}  it  1691 
xkIs  of  drains  were  installed,  or  an  average  of  55  rods  per  acre.  During 
Fuly,  August  and  September  the  work  was  much  interrupted  because  of 
icdng  the  men  for  harvesting  and  farm  work. 

This  field,  which  was  a  heavy  blue  grass  sod,  with  the  exception  of  about 
i  acres  of  muck  swamp  which  usually  was  covered  with  water  about  half  the 
irear,  had  been  used  as  a  pasture  for  many  years.  The  drains  of  this  field 
lad  two  outlets;  the  principle  one  being  a  twelve-inch  tile  leading  to  an  open 
litch.  The  fall  of  this  main  for  the  last  500  feet  did  not  exceed  one  inch  per 
Mie  hundred  feet.  In  general,  however,  the  topography  of  the  field  was  quite 
broken,  affording  plenty  of  fall.  Indeed  there  were  slopes  in  which  the  fall 
wns  as  much  as  8  feet  to  the  hundred. 

The  pecond  field  of  importance,  which  was  drained  in  1910.  was  a  young 
orchard  which  had  been  set  that  same  spring.  There  were  10  H  acres  in  this 
cyrcfaard  and  in  it  a  total  of  755  rods  of  drain  were  installed,  or  72  rods  per 
eujre.  This  greater  amount  of  tile  per  acre  was  due  to  the  fact  that  the  trees 
were  set  32  feet  apart  and  that  a  line  of  tile  was  installed  between  each  two 
rows  of  trees,  whereas  in  other  fields  40  feet  apart  for  laterals  was  the  distance 
more  frequently  used.  The  topography  of  this  orchard  field  was  rolling,  but 
irithout  abrupt  breaks.  The  fall  j>eT  hundred  feet  would  run  about  6  inches, 
although  in  a  few  instances  there  was  a  fall  of  three  or  four  feet  to  the  hundred. 

It  should  be  noted  in  passing  that  wet  weather  in  April,  September  and 
October,  interfered  quite  a  little  in  the  operation  of  the  tile  ditching  machine, 
due  to  mud  sticking  to  it. 
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Tiling  Operations  in  1911. — During  the  season  of  1911  tiling  operations  were 
confined  to  two  fields,  Nos.  5  and  31  with  the  exception  of  198  rods  in  twootber 
fields.  In  all  4,755  rods  of  tile  were  installed  in  122H  acres.  Table  III  gtres 
a  summary  of  the  work  executed  this  year. 

Operations  were  begun  late  in  March  and  continued  throughout  the  season 
until  October  31st.  The  first  work  was  done  under  very  imfavorable  condi- 
tions. It  was  the  digging  of  a  maia.  ditch  which  followed  the  ^hann«i  of  an 
old  open  ditch,  in  which  the  cut  in  places  was  from  4  to  6  feet.  The  ground  was 
so  wet  at  this  time  of  the  year  that  slipping  of  the  propeller  was  not  infrequttt 
and  caving  in  of  the  ditch  greatly  hampered  the  progress  and  neoooDarily 
increased  the  cost.  In  some  places  the  soil  where  wet  was  such  a  waxy  day 
that  it  caused  considerable  trouble  by  sticking  to  the  machine. 

Tablb  III. — Summary  of  Tiling  Opbbatioxs  in  1911 

Field  5       Field  31    Misc.  areas      Total 

Area  in  acres 54  65  3H  123H 

Rods 2,666  1,891  198  4,766 

Machine  charges $407.88  $289.32  $30.28  $727.48 

Machine  operator 95. 10  72. 00  19. 16  186.26 

Gasoline 66.00  69.48  9.72  145.20 

Oil 7.84  4.34  .96  13.14 

HauUngtUe 63.10  94.94  12.60  170.64 

Contract  laying  tile 184.98  121.33  20.11  326.42 

Filling  ditches 78.08  82.22  12.31  172.61 

Other  equipment  charKes 11 .  17  7 .98  .89  90.04 

Undivided  operations. 107.62  35.78  24.90  168.80 

Coat  of  tile 567.00  765.85  61.34  1356.10 

Overhead  charges 61.32  43.49  4.66  100.37 

Plotting  drains 42.12  24.58  •  66.70 

Grandtotalfl 1,692.21     1,572.31         196.73    3.461.S6 

Overhead  charge  is  2.3c  per  rod.     Plotting  drain  charge  is  1.58o  per  rod. 
•  Not  plotted. 

Ditching  in  field  No.  5  began  in  April  and  continued  througlumi  the  siimaMr 
until  August  25th.  As  shown  by  the  table,  the  area  covered  in  this  fldd  ii 
54  acres,  in  which  were  installed  2,666  rods  of  tile,  making  an  average  of  40 
rods  per  acre.  The  general  topography  of  this  field  is  rolling.  There  wen 
two  swamps  in  it;  one  a  cat-tail  swamp  full  of  brush  and  trees  and  aootlMr' 
which  covered  about  2  ■'a  acres.  A  former  owner  had  attempted  to  drain  tiiii 
latter  swamp  a  number  of  years  previously,  but  the  attempt  was  nnmifiiiwrfiil 
The  soil  in  these  s>;v'amps  varied  from  a  muck  in  their  center  to  a  heavy, 
black  waxy  clay  around  the  outside.  In  a  few  places  in  this  field  stones  wan 
sufficiently  numerous  to  retard  the  progress  considerably  but  no  seiloiii 
breakage  was  occasioned. 

One  of  the  main  ditches  in  this  field  is  worthy  of  note.  It  is  830  fSeet  leaf 
with  an  average  depth  of  cut  of  about  6.5  feet.  The  maximum  cut  was  0.7 
feet,  which  was  maintained  for  a  distance  of  about  300  feet.  The  wfjAit 
was  operated  in  this  ditch  to  its  maximum  depth,  which  is  4H  'est,  and  tlM 
remainder  was  dug  by  hand,  using  contract  labor.  The  total  cost  of  otia 
labor  on  this  ditch,  after  the  machine  had  done  its  part,  was  $108.68,  or  an 
average  of  $2.06  per  rod .  If  we  add  the  cost  of  gasoline,  oil  and  other  w>«<**it 
charges,  which  amount  to  $10.44.  to  the  other  labor  chargss  at  $108.68  we  have 
a  total  cost  of  $1 14.06.  or  $2.27  per  rod,  which  is  the  installing  cost  of  his  mate 
ditch.   Approximately  266  cubic  yards  of  earth  were  excavated  in  diffinf  ttali 
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iitch.  This  would  make  the  cost  of  excavating  42.9  oents  per  cubic  yard. 
^^m  the  foregoing  it  will  be  manifest  that  outlets  are  ezpensiye  when  no 
latural  outlet  is  available. 

Tiling  in  field  No.  31  began  at  the  conclusion  of  work  in  field  No.  6  and 
»ntinued  until  the  dose  of  operations  on  October  Slst.  The  area  covered  in 
his  field  was  65  acres.  The  field  joined  field  No.  24,  which  was  tiled  in  1910. 
L  ,891  rods  were  installed  in  it,  or  about  29  rods  per  acre.  The  distance  between 
aterals  was  greater  in  this  field  than  in  many  of  the  others;  varying  from  50 
.o  110  feet,  with  an  average  distance  of  about  90  feet.  Fully  35  acres  of  this 
ield  was  a  swamp,  a  portion  of  which  had  been  farmed  and  nearly  all  of  which 
lad  been  previously  drained.  The  drains,  however,  which  had  been  installed 
rom  30  to  35  years  previously,  had  become  useless. 

Before  anything  could  be  done  toward  draining  this  field  it  was  necessary 

0  secure  a  satisfactory  outlet.  The  excavation  of  this  open  ditch  outlet, 
vhich  was  done  by  the  farm  teams  and  laborers,  using  slip  scrapers,  was 
itarted  in  the  summer  of  1910  and  finished  in  October  1911,  the  work  being 
)rosecuted  upon  this  ditdi  only  at  such  times  as  men  and  teams  were  not 
lequlred  for  farm  work.  The  total  length  of  outlet  streams  was  1.2  mile,  which 
ncluded  about  500  feet  of  new  cuts.  When  this  ditch  was  finished  the  bot- 
om  of  the  outlet  had  been  lowered  fully  2H  feet.  The  cost  of  making  this 
>utlet  was  $558.18  and  is  not  included  in  summary  Table  III. 

In  the  ditching  of  this  field  a  few  roimd  stones  were  encountered  in  the 
ipland  but  no  trouble  or  serious  delay  was  experienced'.  Continued  heavy 
ains  during  the  late  fall  caused  considerable  delay,  especially  in  the  muck 
ortions.  The  muck  became  so  full  of  water  that  it  rushed  in  from  the  sides 
f  the  ditch  so  fast  that  the  tile  layer  had  to  let  the  excess  run  away  before  he 
ould  lay  the  tile.  A  few  rotted  logs,  buried  beneath  the  surface  In  the  muck 
•ortion  of  the  field,  interfered  somewhat  with  the  work. 

CharcuAer  and  Coat  of  Tile  Used. — The  tiles  used  in  all  this  work  were  ordi- 
Ary,  medium  burned  tiles,  made  from  a  good  quality  of  clay.  All  tiles  up  to 
diameter  of  10  inches  were  in  foot  lengths,  but  10-inch  and  larger  sizes  were  in 
-feet  lengths.  The  breakage  of  tiles  through  handling  was  not  large,  the 
laximum  amounting  to  five  or  six  feet  per  load  of  1,000  3-inch  tiles.  Even 
rith  this  breakage  the  over-run  amounted  to  from  3  to  6  per  cent,  in  other 
rords  100  feet  of  tile  paid  for  at  the  factory  would  lay  from  103  to  106  feet 

1  the  ditch.  The  larger  tiles  seemed  to  have  a  greater  over-run  than  the 
[nailer  ones.  The  cost  of  tile  per  acre  for  tile  drains  varies  of  course  in  ac- 
ordance  with  the  8iz&  of  tile  and  the  number  of  rods  per  acre.  The  average 
ost  of  tile  per  rod  in  the  main  fields  in  Table  IV  is  24.45  cents,  and  the  cost 
er  acre,  with  an  average  of  48  rods,  is  $11.72. 

Cost  of  Hauling  TUe. — Table  V  furnishes  a  very  good  basis  for  estimating 
he  time  required  for,  and  the  cost  of,  hauling  tile,  especially  when  taken  in 
onjunction  with  Table  IV.  Naturally,  the  cost  of  hauling  tile  would  vary 
dth  the  size  of  the  tile,  the  length  of  the  haul,  and  the  condition  of  the  roads. 
!'avorable  or  adverse  conditions  in  connection  with  any  one  of  these  factors 
oay  affect  the  cost  materially. 

For  example,  in  the  case  of  fields  Nos.  29  and  30,  in  which  the  haul  and 
reight  of  tile  were  practically  the  same,  the  roads  were  so  bad  when  the  tile 
na  hauled  for  field  No.  29  that  it  cost  38  per  cent  more  per  rod  than  it  did  for 
Wd  No.  30.  Again,  in  case  of  field  No.  31,  for  which  the  haul  was  much 
ftKffter  tlum  for  No.  29,  and  for  which  the  roads  were  in  good  condition,  the 
SKpeose  was  much  increased  by  the  haul  within  the  field,  because  it  was 
41 
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necessary  to  haul  nmch  smaller  loads,  especially  through  the  muck  portions 
of  the  field.  Ordinarily  about  the  same  sized  loads  were  hauled  on  the  road 
and  in  the  field  but  in  the  case  of  field  31  it  was  necessary  to  unload  a  part 
of  the  tile  and  make  a  second  trip  through  the  field. 

Had  it  been  possible  in  all  cases  to  haul  tile  at  no  other  time  than  when  the 
roads  were  good  the  cost  of  hauling  could  have  been  materially  reduced, 
but  in  this  work  it  seemed  necessary  to  use  the  regular  farm  teams  and  to  try 
to  do  the  hauling  when  it  was  not  possible  to  use  the  teams  at  other  farm  work. 
This  hauling  was  done  with  heavy  teams,  weighing  not  less  than  2,700  pounds, 
and  with  wagons  having  4-inch  tires,  thus  enabling  the  handling  of  heavy 
loads  regardless  of  the  condition  of  the  roads.  100  feet  of  12-mch  tile  or 
1,000  feet  of  3-mch  tile  were  considered  a  load  on  good  roads. 

The  Power  Tile  Ditching  Machine. — The  power  tile  ditching  machine,  in 
connection  with  which  these  data  were  obtained  was  equipped  with  cater- 
pillar tractor  the  weight  of  the  machine  thus  being  distributed  over  a  surface 
of  about  24  square  feet.  This  feature  enabled  the  machine  to  be  operated 
over  very  wet  ground  and  m  many  instances  to  be  run  through  swamps  covered 
with  water  without  having  serious  trouble  from  miring. 

Table  VI. — Suiimabt  of  Houbs  and  Cost  for  Machinb  Opbbatob 

20c  per  hour  for  operator 

■     Totals — Per  acre —  Per  rod 

Fields  Area     Rods     Hours      Cost    Hours      Cost    Hours  Cost 

No.  24.. 29       1.591  334.6  $66.92  11.54  $2.31.2103  $0.0421 

No.  29 10J4      755  140.2  28.04  13.35  2.67.1857  .0871 

No.  30 5         300  63.2  12.64  12.64  2.53.2106  .0421 

No.  5 54       2,666  475.5  95.10     8.81  1.76.1784  .0357 

No.  31 65       1,891  360.0  ,72.00     5.54  1.11   .1904  .0381 

Total 163H  7.203  1,373:5    274.70     .. . 

Average 8. 40       1 . 68   .  1907         . 0381 

Uneveness  of  the  ground  surface  made  but  little  difFerence  in  controlUng 
the  grade,  as  the  operator  had  complete  control  over  the  machine  at  all  times. 
In  a  few  instances  the  depth  of  cut  was  changed  from  4  feet  through  a  knoll 
to  half  that  depth  within  a  distance  on  the  surface  of  about  the  length  of  the 
machine,  and  in  doing  this  a  perfect  grade  was  easily  maintained. 

The  machine  was  equipped  to  do  work  at  four  different  rates  of  speed,  which 
were  used  according  to  depth  of  digging  and  stickiness  of  dirt.  A  higher 
speed  would  dig  to  a  depth  of  two  feet  and  with  very  favorable  conditions 
even  deeper  at  practically  the  sam6  cost.  The  second  speed  was  used  in  dig- 
ging to  a  depth  of  3  feet  imder  ordinary  conditions,  and  in  some  cases  as  deep 
as  3^4  feet.  The  third  speed  would  dig  to  A\i  feet  in  depth,  which  was  the 
limit  of  the  machme.  The  fourth  or  slowest  speed  was  not  used  in  connection 
with  this  work.  Dry  ground  had  no  effect  upon  the  machine  except  to  cause 
the  knives  to  need  sharpening  more  frequently.  Soil  frozen  to  a  depth  of 
four  inches  caused  but  little  trouble.  Freezing  of  wet  earth  to  the  machine 
occasionally  caused  trouble  but  this  was  of  little  consequence.  While  in 
some  cases,  in  the  early  spring  or  late  fall  when  the  ground  was  soaked  full  of 
water  and  was  of  a  spongy  nature,  good  progress  could  not  be  made  be- 
cause of  the  slipping  of  the  propellers  in  the  soft  mud,  yet  during  the  greater 
part  of  the  season  the  machine  could  be  operated  satisfactorily  immediately 
after  heavy  showers.  In  most  cases  the  machine  was  run  only  one  way — 
from  the  main  up  the  slope.     However,  at  times  when  but  little  water  came 
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into  the  ditch  the  machine  could  be  operated  down  the  slope  just  as 
successfully.  Round  stones  or  boulders  in  the  ditch  line  caused  more  or  toss 
trouble,  depending  upon  the  location  in  the  ditch,  the  size  of  the  stones,  etc. 
Usually  boulder  the  size  of  a  man's  head  could  be  removed  by  the  machine 
with  comparative  ease,  but  when  larger  than  this  it  was  necessary  to  raise  tbe 
digger  wheel  and  remove  them  by  hand. 

Table  VII. — Summary  of  Gasoline  and  Oil  Costs 

— Total    coat Per  acre Per  rod - 

Field  Area  Rods        Gas  Oil        Gas  Oil  Gas  Oil 

No.  24 29      1,591     $35.50  $  1.74  $1,224  $0.0600  $0.0233  $0.0011 

No.  29 lOH     755       14.34       1.43     1.365       .1360       .0190        .0019 

No.  30 5         300         5.17         .64     1.034       .1280       .0172       .0021 

No.  5 54       2,666     66.00       7.84     1.222       .1450       .0248        .0029 

No.  31 65       1,891     69.48       4.34     1.069       .0670       .0368       .0028 

Totals 163.5  7,203  190.49     15.99 

Averages 1.165       .0977       .0264       .00221 

Misc.  area..     24 >2  1,632       44.23       3.02     1.805       .1235       .0271       .00185 

Hours  and  Costs  for  Machinery  Operator. — In  Table  VI,  in  which  are 
summarized  data  regarding  the  machine  operator,  it  will  be  noted  that  tbe 
cost  per  rod  varies  from  3.57  to  4.21  cents,  with  an  average  cost  of  3.81  ooits. 

It  should  be  noted,  however,  that  these  prices  are  figured  at  20  cents  per 
hour  for  operator.  Ttiis  was  the  price  actually  paid,  but  it  was  lower  than 
that  for  which  an  operator  could  ordinarily  be  secured,  because  of  tbe  Und 
that  the  man  used  for  this  purpose  was  one  of  the  regular  farm  workmen,  uriio 
had  a  natural  bent  in  that  direction.  Ordinarily  the  wage  of  the  opentor 
would  nm  from  30  to  40  cents  per  hour,  thus  making  the  cost  greater.  In 
order  to  be  able  to  operate  a  machine  successfully  a  man  should  undentaad 
the  principles  of  tile  drainage,  the  running  of  grade  lines,  etc.,  and  at  the  same 
time  he  should  be  handy  with  machinery. 

Gasoline^  Oil  and  Grease  Costs. — In  Table  VII  is  shown  a  summary  of 
gasoline,  oil  and  grease  costs  for  the  entire  area  trenched  with  the  machine. 
The  average  price  of  gasoline  per  gallon  was  13.3  cents  in  -1010  and  12  oaots 
in  1911.  Cup  grease  cost  6?4  cents  per  lb.,  and  oil  from  16  cents  to  85  eanii 
per  gallon.  The  best  grade  of  gas  engine  oil  was  used  on  the  engine  but  e 
cheaper  oil  was  used  on  chains,  sprockets,  etc.  While  this  factor  of  tbe 
costs  may  seem  somewhat  small,  yet  3  cents  per  rod  cannot  be  ignored  nor 
can  we  ignore  the  fact  that  the  price  of  gasoline  is  advancing  constantly. 

Tiling  Machine  Charges. — ^In  Table  VIII  are  summarized  the  overiMtd 
machine  charges  for  the  two  years  within  which  the  machine  trenching  VM 
done.    These  charges  are  classified  under  four  headings,  as  follows: 

1.  "Labor  repairs"  which  included  cost  of  labor,  usually  rendered  by  Um 
machine  operator,  in  connection  with  actual  repair  work  on  tbe  macliiniL 
While  of  course  there  are  many  cases  in  wliich  a  half-hour's  time  or 
spent  by  the  operator  repairing  the  machine,  these  have  not  bem 
from  the  operating  charge.  All  periods  of  a  longer  time  than  one-half 
are  charged  to  "  Repairs"  and  are  itemized  in  this  summary. 

2.  "  Cash  repairs"  includes  all  repairs  for  machine,  such  as  bolts,  sihaipMrinf 
of  knives,  batteries  for  engine,  for  which  cash  is  paid. 

3.  "Depreciation"  is  a  variable  item,  depending  upon  several  takfliundlff 
factors.    In  this  table  it  has  been  figured  at  5. 1  cents  per  rod,  althoui^  at 
this  charge  must  be  an  arbitrary  one  unless  a  machine  is  actually 
The  number  of  miles  of  ditch  a  machine  will  dig  during  its  lifetime 
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Tablb    VIII. — TiLiNQ    Machine    Charges.     Depreciation,  Repairs    and 

Interest  on  Investment 

Total  costs 

Int.  ou 

Miles    Deprecia-    Repairs invest- 

Year  Acres  Rods     tile         tion  Labor      Cash       ment        Total 

1910 65.5  4.080  12.75  $208.08       $50.74  $100.00  $81.60   $441.23 

1911 122.5  4.755  14.86     242.50        88.05     365.47     71.15      767.18 

Per  rod 

Depre-   Total  av. 
Year  Labor         Cash        Interest    elation  cost 

1910 $0.01240  $0.02450  $0.02000  $0.0511     $0.1079 

1911 01852       .07677        .01495       .0510         .1613 

Av.  f or  two  yrs $0.1368 

upon  the  depth  of  digging;  condition  of  soil  as  regards  texture  and  freedom 
from  stones;  care  given  machine  by  operafor,  etc.  In  determining  the  arbi- 
trary figure  of  5.1  cents  per  rod  it  was  assumed  that  the  machine  would  be 
capable  of  digging  100  miles  of  trench  within  its  lifetime.  Some  machines 
have  dug  over  200  miles  of  ditch.  It  will  be  noted,  however,  that  even  on  the 
200-mile  basis  the  cost  of  depreciation  per  rod  would  be  2.55  cents  f^nd  that  the 
total  machine  charge  would  only  be  lowered  from  13.68  cents  to  11.13  cents, 
thus  making  this,  comparatively  speaking,  a  minor  point.  Depreciation  is 
figured  on  an  initial  cost  of  the  machine  amounting  to  $1,632.  This  price,  of 
course,  may  vary  from  time  to  time.  If  no  larger  tile  than  8-inch  were  to  be 
installed  it  would  probably  be  cheaper  to  buy  a  smaller  machine  unless  the 
grcHind  to  be  trenched  is  somewhat  stony.  In  this  connection  it  is  interesting 
to  note  that  the  repair  charge,  especially  cash  repairs,  for  the  second  year  was 
atmost  three  times  as  much  per  rod  as  it  was  the  first  year. 

4.  "Interest  on  Investment,"  which  was  figured  at  5  per  cent,  decreases 
from  year  to  year,  as  the  initial  price  is  cut  down  by  the  amount  which  is 
charged  off  annually  for  depreciation. 

Machine  Trenching  Compared  with  Hand  Trenching. — In  Table  IX  is  shown 
a  comparison  between  the  costs  of  hand  and  machine  trenching,  so  far  as  it  is 
able  to  make  such  a  comparison  from  the  work  done  on  this  farm.  It  will  be 
noted  that  the  cost  per  rod  of  machine  trenching  varies  from  30.5  cents  to  39.8 
cents,  whereas  the  hand  trenching  cost  is  44.9  cents.  It  should  be  noted, 
however,  that  in  these  averages,  there  are  more  than  four  times  as  many  rods 
of  machine  trenching  as  of  hand  trenching.  While  the  cost  of  machine  trench- 
ing would,  in  most  cases,  be  increased  somewhat  by  a  higher  rate  per  hour 
for  tiie  machine  operator,  and  probably  \Vould  be  increased  by  the  cash  repair 
diaiges,  yet  even  with  these  increases  it  probably  never  would  overcome  the 
difference  between  machine  and  hand  trenching,  which,  as  shown  by  Table 
IX,  is  7.4  cents. 

While  there  may  be  conditions  in  the  very  early  spring  when  the  ground  is 
tiioroughly  water-soaked  which  make  the  ditching  machine  not  very  satis- 
factory because  of  its  slipping  and  of  mud  sticking  to  it,  yet  this  is  fully  offset 
by  the  fact  that  it  digs  readily  in  dry  weather  even  though  the  ground  may  be 
10  hard  that  it  is  almost  impossible  to  trench  with  a  spade.  It  is  very  much 
Mder  to  maintain  a  uniform  grade  when  ditching  with  a  machine  than  doing 
the  work  by  hand.  In  the  trenching  which  was  done  by  hand  in  1909  almost 
aU  of  the  ditches  were  tested  with  water  before  tile  was  laid.  This  is,  of 
eoune,  somewhat  expensive,  especially  if  the  water  is  not  near  at  hand.    A 


046 


HANDBOOK  OF  CONSTRUCTION  COST 


Table  IX. — Comparison  Between  Hand  and  Machine  Tbbnching 


Field 

No.  2 

No.  24 

No.  29 

No.  30 

No.  5 

No.  31 

Misc.  areas. 

Totals... 
Averages . 


Total  cost 

except  tile 

Per  rod 

Per  rod 

Acn'H 

HodH 

and  hauling 

machine 

hand 

40 

2,500 

$1,149.30 

$0.44» 

29 

1,591 

538.05 

$6,338 

lOH 

755 

230.65 

.305 

O 

300 

95.52 

.318 

54 

2.666 

1,062.11 

.398 

65 

1,891 

750.52 

.397 

24>2 

1,632 

632.43 

.388 

228 


11,395        4.458.58 


0.375 


0.440 


fall  of  from  four  to  six  inches  per  hundred  feet  in  the  ditch  line  would,  however, 
remove  the  necessity  of  testing  with  water. 

One  other  point  in  favor  of  the  ditching  machine  is  the  speed  that  can  be 
made  with  it.  By  a  comparison  (ff  Tables  I,  VI  and  X,  it  will  be  noted  that 
the  machine  operators  use  less  than  one-sixth  as  much  labor  jter  rod  in  treodb- 
ing  and  laying  tile  as  is  spent  when  the  work  is  done  by  hand.  ConsiderinK 
the  scarcity  of  labor  and  the  advancing  wages  that  farmers  are  being  tomd 
to  pay,  it  .is  evident  that  even  though  machine  trenching  were  to  coit 
more  than  hand  trenching  they  probably  would  be  forced  to  make  use  of  tlM 
machine. 

Cost  and  Time  Required  to  Lay  Tile. — In  Table  X  is  summarfjsed  tbe  oost  df 
laying  or  installing  7,203  rods  of  tile  upon  163^^  acres.  This  includes  pladm 
the  tile  in  the  ditch  and  putting  on  just  enough  earth  to  hold  It  in  place.  For 
various  reasons  the  tile  layer  is  required  to  excavate  by  hand  occasioiial  short 
ditches,  as  for  example,  in  finishing  a  ditch  where  the  machine  could  not 
approach  a  fence  as  close  as  was  necessary.  In  field  No.  30  thelarger  "Till 
laying  cost"  of  7.65  cents  per  rod  is  due  to  hand  work  of  this  chaiucter,  wtddi 
was  not  separated  from  the  laying  of  the  tile.  From  this  summary  tablo  it 
will  be  noted  that  the  cost  varied  from  a  minimum  of  5.46  cents  to  a  mftTJimi" 
of  7.65,  and  that  the  average  is  6.75  cents  per  rod.  It  will  also  be  obMned 
that  one  man  installed  on  the  average  almost  45  rods  of  tile  per  day. 

Table  X. — Showing  Hours  and  Costs  fob  Latino  Tile 

Wages,  30c  per  hour 


Field 
No.  24. 


Acres 

29 

No.  29 10>.i 

No.  30 

No.  6 


5 
54 
No.  31 65 


Rods 

1,591 

.755 

300 

2,666 

1.891 


-Totals- 


Hours 


— Per  rod — 

Cost    Hours  Coit 


386.5  $115.95 


137.5 

76.5 

616.6 

404.4 


41.25 

22.95 

184.98 

121.32 


Totals U)3yi 

Averages 


7,203      1,621.5     486.46 


.243 
.182 
.255 
.281 
.214 


225 


9o.am 

.0541 

.0785 


O.Ot76 


Owing  to  the  very  great  importance  of  having  the  tile  laid  properly  It  ii 
usually  deemed  advisable  to  secure  for  this  purpose  the  senrioes  of  an  effloMK 
man  who  makes  tiling  his  business.  The  services  of  such  a  man  are  always  iB 
demand  and  consequently  a  higher  price  per  hour  must  be  paid  to  secure  Um. 

In  Table  XI  is  summarized  the  cost  of  filling  the  ditches  for  7,208  rods  d( 
tile  installed  in  163^^  acres.  P^om  this  table  it  will  be  noted  that  the  oost  ps^ 
rod  of  filling  ditches  varies  from  1.72  cent  to  4.4  cents  and  tbat  tbe  aYsnfsii 
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3.43  cents.    It  will  also  be  noted  that  two  men  with  a  team  can  on  the  average 
fill  140  rods  of  ditch  per  day. 

Table  XI. — Hours  and  Costs  fob  Filung  Ditches 
Man  rate,  tSc  per  hour;  horde  rate,  10c  per  hour 


Field 


-Fields- 


-Totals- 


-Hours- 


■Hours- 


-Per  rod- 


Area      Rods       Man    Horse        Cost    Man    Horse 


Cost 


No.  24 29 

No.  29 lOH 

No.  30 5 

No.  5 54 

No.  31 65 


1,591  208.70  207.8 

766  131.40     87.0 

300  21.07     20.0 

2.666  319.50  302.0 

1,891  333.50  332.0 


S  52.08  .1312  .1307  $0.0327 
28.41   .1740  .1162       .0376 


5.16  .0702  .0666 
78.13  .1198  .1132 
83.23  .1764  .1766 


0172 
0293 
0440 


Totals 163H  7,2031.014.17  948.8 

Averages 


247.01 


1408   .1317 


0343 


The  cost  of  filling  ditches  varies  with  the  condition  of  the  soil  and  the  depth 
of  the  cut.  It  was  found  advisable  to  fill  the  ditches  soon  after  trenching, 
because  they  could  then  be  filled  about  one-fourth  faster  than  if  allowed  to 
remain  open  during  a  heavy  rain  storm.  The  rain  packed  the  soil  and  made 
filling  much  more  difficult  for  both  men  and  team. 

A  heavy  team  was  used  with  a  specially  prepared  scraper  about  4  feet  long, 
which  consisted  of  a  straight  board  with  a  steel  cutting  edge  and  had  a  hitch 
so  constructed  that  when  the  team  pulled  taut  at  right  angles  to  the  ditch  and 
the  operator  bore  down  on  the  handles  the  scraper  would  move  into  the  ditch 
all  the  dirt  thrown  out  on  one  side  of  it.  It  was,  of  course,  necessary  to  back 
up  the  team  and  move  the  scraper  longitudinally  along  the  ditch  for  each 
scraper  full.  This  method  was  found  to  be  more  satif^factory  than  the  use  of 
a  plow  or  a  large  township  road  scraper. 

Plotting  Drains. — The  maps  or  plots  of  the  several  drainage  systems  were 
made  by  county  surveyors  after  the  system  was  installed.  The  charge  for  this 
operation  includes  the  engineer's  time,  expenses  in  the  field  and  in  plotting 
and  blue  printing.  It  was  not  deemed  necessar^^,  or  advisable  to  make  a  plot 
of  a  system  before  installing,  but  after  installing  it  was  thought  wise  to  have 
such  a  map  for  the  purpose  of  affording  a  ready  reference  for  the  location  of 
drains  in  case  of  trouble  with  the  system. 

Table  XII. — Recapitulation  of  Installing  Costs  per  Rod 


Area  in  acres 

Number  rods 

Machine  charges 

Machine  oi>erator 

Gascdine 

OU 

Contract  laying *$0 

Filling  ditches 

Other  equipment  charges 

Undivided  operations 

Overhead  charges 

Plotting  drains 


Hand  work  Machine 

Machine 

Average 

1909      1910 

1911 

machine 

40      65>^ 

122H 

•  •  •  • 

2,560     4,080 

4,755 

•  •  ■  ■ 

$0.1084 

$0.1529 

$0.1324 

.0315 

.0392 

.0356 

.0219 

.0305 

.0266 

.0014 

.0028 

.0022 

♦$0,376     .0634 

.0686 

.0663 

.030     .0252 

.0363 

.0312 

.004     .0037 

.0043 

.0040 

. 0433 

.0354 

.0390 

.023     .0230 

.0340 

.0230 

.0158    .0149 

.0140 

.0144 

0.4489       0.3367 


0.4071 


0.374G 


Averages 

*  Includes  trenching. 

In  Table  XII  is  given  a  summary  of  the  preceding  tables  as  regards  all 
filing  operations  except  hauling,  which,  in  accordance  with  Table  IV,  may  be 
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figured  at  about  4c  per  rod.  The  cost  of  tile  will  vary  with  size  of  tile  used 
and  other  factors,  but  Table  IV  will  assist  in  making  an  estimate  of  such  cost 
in  the  absence  of  figures  from  the  factory.  From  the  foregoing  pages  it  will 
be  manifest  that  had  the  trenching  for  all  the  11,395  rods  of  tile  been  done 
by  machine  the  total  cost  of  tile  and  installation  would  have  been  about  two- 
thirds  of  a  dollar  per  rod,  and  that  with  the  fifty  rods  per  acre  used  on  this 
farm,  three  acres  would  have  cost  about  one  hundred  dollars. 

Costs  of  Laying  20  Miles  of  Tile  Drains. — S.  C.  Hartman  gives  the  followlDK 
in  "  The  Monthly  Bulletin"  of  the  Ohio  Agricultural  Experiment  Station  for 
May-June,  1921. 

Twenty  miles  of  tile  have  been  laid  on  the  Washington  County  ezperimflDt 
farm.  Because  different  systems  are  used  in  the  work  the  20  miles  or  6,400.7 
rods  were  divided  into  five  sections.  Section  I  was  installed  in  1015  and  con- 
sisted of  955.6  rods;  the  trenches  were  dug  by  hand.  The  cost  of  the  work 
is  taken  from  the  records  of  E.  J.  Riggs,  who  was  then  superint^ident  of  the 
farm.  Other  sections  were  dug  with  the  Station  traction  ditcher  during  the 
spring  and  smnmer  of  1919. 

Section  II  was  started  on  May  17  and  consisted  of  1,984.8  rods.  Sectioo 
III  consisted  of  1,202.5  rods  and  was  begun  on  July  15.  Section  IV  was  dug 
on  the  farm  of  H.  J.  Tresch  and  consisted  of  1,399.6  rods.  This  work  wis 
done  under  the  direction  of  Mr.  Tresch  and  serves  as  a  check  for  the  work  done 
on  the  Washington  County  experiment  farm.  Section  V  was  installed  on  the 
experiment  farm  after  August  8;  it  consisted  of  858.2  rods. 

Character  of  Soil  Trenched. — The  soil  is  underlaid  with  shale  and  sandstone 
from  which  it  was  largely  formed.  The  soil  varies  from  a  comparatiyely  U|^ 
clay,  commonly  known  as  a  mixed  soil  to  a  heavy  red  or  Upshur  clay.  Then 
are  no  boulders  but  the  underlying  rock  interfered  with  the  work  in  sewnl 
places.  While  the  soil  has  a  slight  tendency  to  run  together  it  does  not  diy 
out  as  some  of  the  other  soils  of  the  State.  The  ditcher,  therefore,  made 
good  progress  even  in  a  dry  season. 

Because  of  good  fall  and  convenient  outlets  but  a  few  large  tile  were  !•■ 
quired.  Two-thirds  of  the  tile  were  4-inch.  Those  laid  on  the  eiperiDMnI 
farm  in  1919  held  out  to  the  number  purchased  with  15H  feet  of  tUe  laid  to  ■ 
rod.  A  few  Y-tile  were  used  for  making  connections  at  branches.  Semr 
pipes  were  used  for  the  outlets  because  they  are  longer  than  drain  tile,  an 
burned  harder  and  are  more  easily  held  in  place. 

Coat  of  Labor. — The  labor  available  varied  with  the  different  sections.  The 
work  of  digging  the  trench  in  Section  I  was  in  charge  of  an  experienced  ditdiar. 
Practically  one-third  of  the  hours  of  labor  were  performed  by  him  at  80  oenli 
an  hour.  The  remainder  of  labor  performed  for  Section  I  was  paid  SO  OHitk 
per  hour.  The  labor  of  1919  was  figured  at  32  cents  per  hour.  For  oompaii-  * 
son,  the  unskilled  labor  of  1915  is  figured  at  32  cents  also,  and  the  aUM 
ditcher  at  48  cents  per  hour.  The  labor  employed  in  1919  in  additton  to  tbi 
farm  force  was  such  as  one  was  able  to  employ,  for  the  second  and  third  aao* 
tions.  at  one  of  the  busiest  seasons  of  the  year.  Because  of  the  acardty  af 
help  it  was  necessary  at  times  to  employ  more  help  than  could  be  used  at  ai 
advantage  that  sufficient  help  might  be  available  when  nee^jBd.  For  tba 
fourth  and  fifth  sections  which  were  completed  after  harvest  more  help  wai 
available. 

The  trench  for  practically  all  the  tile  was  dug  30  inches  deep.  The  laifi 
main  tile  were  laid  in  a  deeper  trench.  Over  most  of  the  area  drained  tha  tH 
lines  were  laid  2  rods  apart.    Some  lines  were  laid  3  rods  apart.    Thoaaliif 
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rere  36  feet  apart.     About  70  acres  were  drained  by  the  5,000  rods 
periment  farm  and  20  acres  by  the  1,400  rods  on  the  Tresch  farm. 
8  Operations  in  Drainage. — The  various  operations  in  Connection 
liling  the  drainage  system  are  conveniently  considered  as  four  opera- 
nely,  digging  the  trench,  hauling  the  tile,  laying  the  tile  and  back 

?  the  trench  includes  setting  the  stakes,  and  a  small  amount  of  time 
off  the  tile  lines.  Only  where  the  fall  was  doubtful  or  on  a  deep  cut 
el  used. 

?  the  tile  includes  the  actual  operation  of  hauling  and  also  laying  the 
illy  along  the  trench  so  that  they  could  be  easily  reached  by  the 
the  trench. 

the  tile  followed  the  ditcher  as  closely  as  possible  and  includes  the 
perations  between  the  digging  and  the  filling  of  the  trench  after  the 
lid;  helping  the  operator  of  the  ditcher  by  setting  stakes,  cleaning 
■rumbs  in  the  trench,  digging  for  connections  where  the  branches 
1  the  main  tile  lines  and  other  places  where  digging  is  necessary;  the 
eration  of  laying  the  tile  and  binding  them  or  covering  them  with 
irt  to  hold  them  in  place  until  the  trench  can  be  filled.  There  is 
me  filling  to  be  done  by  hand.  With  hand  trench-digging,  trenching 
ig  the  tile  could  not  be  conveniently  separated.  In  filling  the  trench 
iras  backed  into  the  trench  when  possible.  The  dirt  was  also  rigged 
;rench.  In  some  places  it  was  necessary  to  finish  the  work  by  hand, 
e  was  also  spent  in  refilling  the  trenches  before  the  work  was  corn- 
Such  work  was  included  in  "  filling  the  trenches."  With  a  consider- 
mt  of  fall  in  some  of  the  tile  lines  and  because  of  the  nature  of  the 
of  the  trenches  washed  deeply  after  being  filled.  In  other  places  it 
sary  to  again  refill  before  the  cropping  work  could  be  continued  in  the 
ch  work  was  not  included  in  "filling  the  trenches"  but  charged  to 
maintenance.  Other  operations  in  some  sections  were  considered 
aneous,  such  as  hauling  water  and  gasoline  for  the  ditcher,  measuring 
g  off  the  lines,  repair  work  and  other  work  not  closely  connected 
r  operations.  These  items  form  a  very  small  part  of  the  work  total- 
lan  1  cent  per  rod  at  the  most.  In  two  sections  these  items  were 
is  most  convenient  with  other  operations. 

ng. — Section  I,  where  the  trenching  which  was  done  by  hand  required 
:e  of  1.6  hours  for  each  rod  of  tile.  It  was  not  possible  to  separate 
{pent  at  digging  from  that  of  laying  his  section.  The  time  and  cost 
of  laying  the  tile  in  Section  I  is  not  easily  comparable  to  laying  the 
the  machine  trenching  in  the  other  sections.  In  both  the  second  and 
ions  considerable  hand  digging  was  necessary  because  of  the  inter- 
the  underlying  rock  and  because  of  a  gas  line  which  crossed  many  of 
les.  The  distance  dug  is  estimated  and  the  required  time  determined 
t^y  as  possible.  It  is  a  significant  fact  that  the  hand  digging  in 
[  required  more  than  twice  as  much  time  per  rod  as  that  of  Section 
Ing  with  the  power  ditcher  is  often  done  when  conditions  are  not 
for  hand  ditching  which  therefore  must  be  done  at  a  greater  cost 
Id  ordinarily  be  necessary.  The  cost  of  laying  the  tile  after  the 
trenching  varied  but  averaged  4.6  cents  per  rod.  The  highest  cost, 
5  cents  in  Section  IV,  was  due  to  the  fact  that  it  induces  some  mis- 
I  work. 
Ig  30  cents  per  rod  for  the  ditching  machine,  hand  trenching  and 
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laying  cost  from  170  to  180  per  cent  of  the  cost  of  machine  trenchiiig  and 
laying,  or  one  and  three-fourths  times  as  much,  a  considerable  saving  for 
machine  trenching.  With  hand  trenching,  an  average  of  1.6  hours  of  labor 
were  spent  on  each  rod,  with  machine  trenching  .  14  of  an  hour,  ezduaive  of  tbe 
machine  operator.  Hand  trenching  and  laying,  therefore,  required  deveo 
times  as  many  hours  of  labor  per  rod  as  machine  trenching. 


Table  XIII. — Labor  and  Cost  of  DiSTBrnunxa  Tii^b 


Section  number 


Tile, 
rods 


1 955.6 

II 1,984.8 

III 1,202.5 

IV 1,399.6 

V 868.2 


Man 
labor, 
hours 

90 
2251^ 
130 
140 

67^4' 


Man       Hone 
Horeo       labor        IaYhx 
labor,     per  rod,  per  rod, 
hours       hours       houn 


60 

194 

180 

86 


.094 
.113 
.108 
.100 
.079 


Average 102 

Man  hours  at  32  cents  per  hour;  horse  hours,  15  cents. 


.062 
.102 
.161 
.129 
.10 

.141 


Coit 

per  rod 

cents 

.04 

.06fi 

.050 

.053 

.04 


Hauling  the  Tile. — A  variable  factor  in  the  cost  of  a  drainage  system  is  the 
cost  of  hauling  the  tile.  The  cost  varies  with  the  distance  and  the  conditioo 
of  the  roads.  Since  in  this  case  the  tile  were  delivered  to  the  comer  of  ttat 
experiment  farm  the  cost  of  hauling  to  the  farm  is  not  considered.  Table  XIII 
shows  the  labor  retiuired  and  cost  of  distributing  the  tile  from  the  pfle  on  tbe 
farm  to  the  various  tile  lines  as  required.  The  larger  factor  in  the  coet  of  die* 
tributing  the  tile,  exclusive  of  the  efficiency  of  the  labor,  Is  .the  distance  neoee- 
sary  to  haul  the  tile.  Part  of  the  tile  in  Section  II  were  hauled  directly  froin 
the  car  to  the  field.  The  distance  was  greater  and  the  cost  more.  The 
greatest  distance  necessary  to  haul  the  tile  in  distributing  them  was  less  than 
three-fourths  of  a  mile  and  the  average  nearly  one-fourth  of  a  mile.  The  coet 
varied  from  4  cents  i)cr  rod  in  Sections  I  and  V  to  6.5  cents  in  Section  II. 
The  economy  of  delivering  the  tile  to  as  near  the  place  where  they  wHI  be 
u.sed  as  pos.sible  is  apparent.  It  is  evident  from  the  number  of  man  and 
horse  hours  that  two  men  usually  worked  at  hauling  with  each  team.  Hill 
proved  to  be  the  most  economical,  especially  where  the  hauUng  distance  was 
not  great. 

Table  XIV. — Time  and  Labor  Cost  op  Latino  Tiub 

Digging  and 

laying  by  hand  -Laying  only-   Per  rod-^ 

Time,     Cost,     Time,     Coet,     Time,     Cost, 
Rods      hours    dollars    hours    dollars    houn    doUen 


Section  number 


I. 
II 


.601 


.04t 
.46 


955.6      1,522  674.88 1.6 

1.946.8 292       03.43         .16 

•38.0 -t24H     39.84 8.28 

III 1,195.0 168       63.76       .14 

♦7.5       lOH       3.36 1.40 

IV 1.399.6 243       77.76       .174 

V 858. 2 78H       26. 12       .091 

Average  for  machine  dug  trenches 12S 

*  Estimated  distance  dug  by  harfd.  other  than  that  usually  required. 
t  The  time  required  does  not  include  laying  the  tile  but  meray  the  «Hff<iy 

Laying  the  Tile. — The  most  particular  work  of  installing  the  drainage 
is  that  of  actually  laying  the  tile  in  the  trench.    Anyone  with  a  Jittte 
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in  do  a  good  Job  It  tbey  will  take  care  with  the  work.  Uakea  such  a 
.vailable  an  experiencecl  tilei  should  be  employed.  If  the  tile  are  not 
r  laid  the  eipenae  of  tiling  la  a  poor  Investment.  The  actual  opera- 
laying  the  tile  In  the  trench  required  but  little  time.  The  various 
ins  which  ware  (or  convenience  cooaldered  with  laying  the  tHo  required 
rable  time.    Table  Xtv  gives  the  time  and  labca  coat  of  laylag  the 

of  Lafldc  Tile  Drain  on  Two  Jotaa-^H.  R.  Feiria,  In  Engineering  and 
;tlng.  Sept,  13,  1910,  glTestlie  following  cftsls  of  layingSOOft.  itfdraliv 

eeign  and  crosa-sectlon  shown  by  Fig.  2  (I),  ail  excavation  In  sand;  loam 
ged  wltb  water  (not  gulcksandl.  The  ditch  required  close  tlmbulng 
ia  places.  The  actu^  excavation  was  about  3H  ft,  only,  as  a  slight 
ired  tile  top.  The  work  was  designed  to.  be  permanent,  and  has  bean 
nual  and  satisfactory  use  for  over  three  years.    The  costs  follow : 

Per 
liu.  It. 

un.  S  days  @t  3.00 S  IS.OO  tO.050 

,  174  hra.  @  10.80 B2.20  .174 

Is: 

er(2  X  12  c«dar),  aOO  ft,  B,  M,  @  tlB.OO 10,80  .Old 

a  25  cu,  yd.  ®  »  1,60 37. SO  ,  12S 


irina),  800  tt,  B,  M.  @  ■ 
tiia).  900  tin.  It.  ®  t0.03 


27.00 

»1S2.10 


not  practicable  to  separate  the  coat  of  laying  pUnks.  tile,  etc.  The 
74  hr.j  represents  the  total  time  on  this  work,  with  the  exceptltm  of 
lackBll,  which  was  done  several  days  later  with  team  and  scraper, 
cee  for  maMrlals  include  deUvery  along  the  work.  Fig.  2  (21  showg 
a  of  drain  construction  for  the  second  job.  covering  1,000  ft.  of  drain 
ks  follows: 
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Cost 

Materials :  per  ft 

Rough  plankfl  (1  X  8).  1.000  lin.  ft.  ^  $8.00 $  15.20  .008 

Gravel,  160  cu.  yd.  (^  $1.00 160.00  .084 

Htraw,  11  bales 6.60  .003 

Tile  (3-in.  form),  3,800  liu.  ft.  (&  0.03 114.00  .0«0 

$295.80  0.155 

The  prices  for  materials  cover  cost  delivered  along  the  line  of  the  woriL 
Cost  of  removing  surplus  earth  is  not  included.  £xcavati(ui  was  in  stiff  day. 
and  the  work  was  performed  in  wet  weather.  Good  foreman  and  average  cmr. 
The  costs  of  excavation,  backfilUng  with  gravel,  etc.,  were  not  separated. 

Broken  stone  (30  cu.  yd.)  used  in  the  drain  was  taken  from  a  nearby  ternt 
trench,  which  had  been  excavated  in  rock.  This  was  delivered  coiivenieiitly 
along  the  line  of  the  trench,  and  the  cost  of  delivery  is  not  tndnded  in  the  above. 
but  the  cost,  however,  of  the  handling  in  the  trench  is  included  In  all  about 
190  cu.  yd.  of  gravel  and  rock  were  used  over  the  tiles. 

Making  Cement  Drain  Tile  by  Hand  on  an  Isolated  Job. — R.  C.  Hardman* 
in  Engineering  and  Contracting,  May  29,  1912,  gives  the  following  costs  Ua 
making  207  lin.  ft.  of  cement  drain  tile  by  hand  using  unskilled  Mexkwi 
labor. 

Two  sets  of  wooden  forms  were  built,  each  having  molds  for  six  sections  of 

tile ;  these  formed  the  outside.     For  the  core  mold,  or  inside  form,  a  galyaniMd 

iron  cylinder  was  used.    This  cylinder  was  centered  inside  the  wooden  moid 

and  pulled  as  soon  as  the  cement  was  placed,  to  be  inserted  in  another  woodM 

mold.    The  wooden  forms  were  let  stand  24  hours  before  removal.    All 

cement  was  hard  tamped  and  was  a  1 :4  hand  mixture.    The  tiles  molded  w«n 

8X8  ins.  X  2K  ft-  outside  and  6  ins.  diameter  inside.     The  cost  was  M 

follows: 

Cart 
Materials:  Cost  per  ft 

Cement,  4.5  bbls.,  at  $3.43 $15.44  

Hand  on  site 

Lumber,  scrap 


$15.44  $0.0519 

Labor: 

(Carpenter,  9  hrs.  on  forms,  at  $0.50 $  4.50  $0.01tt 

Laborers,  06.5  hrs.,  at  $0.15625 10.39  

Laborers,  17.0  hrs..  at  $0.1875 3. 19  0.04S7 

$18.08  $0.0009 

Total $33. 52  $0.11J9 

Centrifugal  Pumping  Plants  for  Drainage  with  Diagram  of  Plant  Costs. — IB 
a  paper  before  the  Louisiana  Engineering  Society,  and  published  inihe  JoonHl  - 
of  the  Association  of  Engineering  Societies,  H.  L.  Hutson  discusBesatjrps^    i 
drainage  pumping  plant  wliich  his  experience  leads  him  to  believe  is  prafenblt  'i 
to  others  for  conditions  as  found  in  Louisiana.    The  following  abstract  of  Mb  '^ 
HutHon's  paper,  is  given  in  Engineering  and  Contracting.  July  3,  1012.        ,     "^ 

The  plant  which  I  should  like  to  see  become  standard  for  drainage  woric  ik  ..-1 
Louisiana  would  be  one  of  large  capacity  consisting  of  two  or  more  IhH  ■' 
centrifugal  pumps,  each  direct  connected  to  compound  oondensiiig  wiflnwrf  jj 
the  Corliss  or  4-valve  type;  the  steam  being  furnished  by  water  tabe 
using  oil  fuel.  Such  a  plant,  if  the  units  were  of  50,000  to  lOCOOOfib.; 
minute  capacity,  would  be  ideal  from  the  mechanical  engineer's 
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as  the  units  would  be  BufSciently  large  to  get  good  economy,  the  engines  would 
run  at  such  speed  and  be  of  such  horse-power  that  the  very  lowest  prices 
could  be  obtained,  and  the  plant  would  be  large  enough  to  employ  skilled 
labor  to  operate.  I  realize  that  this  means  the  use  of  one  plant  for  a  large, 
acreage,  say  10,000  to  100,000  acres,  and  that  this  in  turn  means  long  canals 
and  a  high  lift,  but  I  will  try  to  show  that  the  cost  of  operation,  even  the  cost 
of  fuel,  will  be  less  per  1,000,000  gals,  gotten  rid  of  by  the  large  plant  than  the 
small.  I  am  giving  only  the  point  of  view  of  the  mechanical  engineer.  There 
may  be  conditions  known  to  the  civil  engineer  of  to  the  fanner  which  would 
nake  the  use  of  large  plants  out  of  the  question  in  this  territory. 

The  drainage  work  which  I  am  familiar  with  is  that  in  Ihinois  and  Iowa  and 
;hat  in  Louisiana.  The  conditions  are  somewhat  different,  and  these  differ- 
ences are  partly  responsible  for  the  variations  in  engineering  practice.  In 
[Uinois  and  Iowa  the  drainage  districts  lie  along  the  river  bottoms  and  consist 
)f  land  which  have  limited  natural  drainage  when  the  rivers  are  low 
>ut  which  are  subject  to  overflow.  In  the  formation  of  levee  and  drainage 
iistricts,  the  natural  boundaries  ai«  usually  followed  so  that  each  district  will 
lave  a  single  outlet  with  a  pumping  plant  to  take  care  of  the  rainfall  during 
iuch  time  as  the  river  is  high  enough  to  prevent  gravity  drainage.  The  Bay 
[sland  Drainage  and  Levee  District  No.  1,  a  district  in  Mercer  County, 
[llinois,  is  typical  of  the  larger  plants.  It  has  an  area  of  20,000  acres  and 
;akes  the  run-^ff  of  a  smaller  district  of  4,000  acres  additional.  This  plant 
vas  designed  for  a  capacity  of  200,000  gals,  per  minute  against  a  lift  varying 
'rom  0  to  12H  ft.,  and  consisted  of  two  60-in.  imits,  all  the  equipment  being  of 
;he  highest  class,  designed  for  high  economy. 

The  smaller  plants  in  Illinois,  no  doubt,  have  simple  non-condensing  engines 
Euid  are  of  cheaper  construction. 

In  Louisiana,  where  the  country  is  flatter,  the  pumping  plant  must  pump  off 

the  rainfall  throughout  the  year.     The  land  which  is  now  being  reclaimed  lies 

in  the  midst  of  swamp  or  marsh  or  partly  surrounded  by  lakes  or  bayous. 

Being  nearly  flat,  the  engineer  has  the  choice  of  many  outfall  locations  and  may 

Install  either  one  large  plant  or  a  number  of  small  ones.     Obviously,  with 

several  small  plants  draining  but  a  few  thousand  acres  each  and  pumping  to  a 

tree  outlet  at  the  pimiping  plant,  the  lift  the  pumps  must  work  against  is  low 

—not  more  than  3  to  6  ft.    With  this  lift  and  units  of  36,000  gals,  per  minute 

or  less,  it  is  out  of  the  question  to  advocate  compound  condensing  engines  of 

the  Ck>rliss  type,  as  the  cost  per  h.  p.  is  out  of  proportion,  due  to  the  small 

size.    Nor  can  we  offer  high-grade  engines  of  the  type  generally  used  for  this 

hone-power  in  electric  work  because  the  rotative  speed  of  these  large  pumps  is 

mucli  below  that  of  a  generator  requiring  equal  horsepower.    No  doubt  the 

oi&jority  of  engineers  would  consider  that  a  low  lift  is  very  desirable  and  that 

it  means  getting  rid  of  the  water  at  a  low  cost  of  fuel.    As  a  matter  of  fact, 

the  fuel  for  pumping  off  a  million  gallons  will  be  less  with  an  economical  plant 

Poniping  against  a  9-ft.  lift  than  with  a  simple  non-condensing  plant  such 

•  is  usually  installed   pumping  against  3-ft.  lift.     The  extra  6  ft.  of  fall 

'onld  undoubtedly  be  sufficient  to  increase  the  area  which  could  be  drained 

^  from  three  to  nine  times  the  size  of  that  served  by  the  small  pump. 

The  saving  in  the  matter  of  labor  of  a  large  plant  over  a  number  of  small 
''•es  ii  obvious.  The  larger  plant  would  require  a  higher  class  of  help,  but 
^  is  an  advantage  as  the  higher  class  man  is  more  reliable  than  the  cheaper 
^.  The  cost  of  the  machinery  for  such  a  plant  would  be  greater  than  that 
^  •everal  small  plants  with  cheap  equipment,  but  the  cost  of  the  complete 
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plant  erected  would  undoubtedly  be  less  for  the  large  than  for  a  number  of 
small  plants.  There  would  be  many  advantages  with  the  large  plant  and 
better  machinery.  If  compound  engines  were  used,  they  would  be  made  to 
carry  great  overload  if  necessary  by  using  live  steam  in  the  receiver.  If  they 
were  cross  compound  and  an  accident  put  one  side  out  of  conmiiasion,  it  would 
still  be  possible  to  run;  and  as  the  pump  is  little  subject  to  accident,  this 
feature  would  practically  give  a  reserve  unit. 

I  have  advo'^ated  water  tube  boilers  and  oil  fuel  as  these  features  would 
permit  steam  to  be  raised  quickly  and  one  fireman  could  operate  a  boUer 
plant  of  any  size  required.  If  the  boilers  are  of  the  sectional  water  tube 
type  similar  to  those  used  in  naval  work,  steam  may  be  raised  in  30  minutes 
without  danger  to  the  boiler  With  automatic  oil-fuel  pumps,  one  man  could, 
if  necessary,  oi>erate  a  plant  in  an  emergency.  In  fact,  there  is  one  irriga- 
tion plant  of  wliicli  I  know  which  is  operated  by  one  man  who  attends  the 
boiler  and  engine.     It  is  a  compound  condensing  engine  of  225  h.  p. 

Coat  of  Plants. — The  question  as  to  the  approximate  cost  of  a  plant  of  a 
certain  capacity  and  lift  is  often  asked  by  engineers  and  others  who  are  mak- 
ing preliminary  estiiiiates.  In  fact,  this  is  the  first  question  which  the  pro- 
spective customer  is  likely  to  ask.  Although  we  have  several  rough  rules  for 
figuring  these  costs,  none  of  them  is  satisfactory'  as  applying  to  both  draioage 
and  irrigation  plants.  It  has  been  the  custom  in  making  rough  estimates  of 
I)umping  plants  designed  for  lifts  of  from  25  to  40  ft.  to  figure  them  at  $80 
to  $100  per  water  horse-power,  but  one  will  readily  see  that  the  same  flguie 
will  not  apply  to  a  drainage  plant  of  like  capacity  pumping  against  a  head  of 
3  ft.,  as  the  cost  of  the  punii>s,  suction  and  discharge  pipes,  etc.,  would  be 
very  nearly  the  same  for  the  low-lift  plant  as  for  the  high-lift,  whereas  the 
horse-power  would  bo  so  small  as  to  put  the  plant  in  adilTerent  class  alto* 
gether  from  the  one  with  the  higher  lift.  In  order  to  be  able  to  give  approxi- 
mate figures  I  endeavored  to  tabulate  the  various  bids  which  the  conoem  I  an 
connected  Hith  has  made  on  pumping  plants  within  the  last  t«i  years,  ind 
found  that  a  tabulation,  or  even  a  curve,  of  these  bidding  prices  would  be  of 
little  value,  a.s  in  some  cases  we  bid  including  the  building,  foundations  and 
even  intake  work,  whereaH  in  others  our  price  was  merely  for  machJneiy  t-  o.  b. 
cars,  or  again  for  machinery  erected  on  foundations  built  by  the  purclianr> 
To  make  a  compariHon,  therefore,  I  decided  to  take  the  cost  of  all  the  mechan- 
ical equipment  necessary  for  the  plant,  and  using  our  costs  sheets  as  a  guldt 
make  up  curves  which  would  represent  these  plants,  erected  ready  for  open- 
tion  at  some  point  in  Louisiana  or  Texas;  in  other  words,  I  have  Sflsuinsd. 
what  is  very  far  from  the  faca,  that  the  cost  of  freight,  barging,  foundatloDS, 
erecting,  etc.,  is  a  constant  i)ercentage.  This  is  done  because  it  is  not  the 
intention  that  this  diagram  of  costs  shall  be  u^ed  for  obtaining  actual  costs  oC 
I)lants  but  that  it  shall  lie  relative  only  and  be  used  for  the  purpose  of  deddli^ 
the  most  economical  size  of  units  to  use  in  a  large  plant  and  also  for  iwif^ng 
approximate  estimates  on  the  assumption  that  a  plant  of  two  or  more  units 
will  be  a  multiple  of  the  cost  of  a  single  unit  plant.  In  this  diagram,  I  havt 
not  included  the  building,  as  the  cost  of  this  would  depend  upon  the  styte 
of  architecture,  nor  have  I  included  any  dre<iging,  intake  work,  flume  or  canal 
work.  I  did  include  the  building  foundation,  as  it  is  usually  necessary  to 
place  a  pumping  plant  in  a  pit,  in  which  case  the  pit  walls  form  the  buUdliv 
foundation,  and  the  pump  foundatiim,  engine-room  floor  and  walls  an 
monolithic. 

For  the  reasons  above  given,  it  will  be  impossible  to  make  smooth 
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Ing  ettber  the  water  horaes>ower  or  the  gailona  per  mlnuM  as  one  of  the 
onUluttes.  II  antaiB  more  logiod,  tberetore,  uid  gives  d&ta  which  are 
ucb  more  uselul,  to  divide  the  plant  into  two  parts,  and  consider  It  mentj' 


1 


I 


M  >  iteam-poweT  plant,  which  drlres  a  pumping  planl.  I  have,  tb« 
Wdtd  the  cost  Inlo  two  partB:co8t  of  the  "sleam  end  "and  coat  ot  the  ■ 
Od,"  but  ibawed  these  on  the  same  sheet.  In  using  this  diagram  It  19  v( 
HHut  IbM  tbia  fact  should  be  borne  In  mini!  and  that  the  coat  of  the  ' 
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end"  should  be  added  to  that  of  the  "steam  end."  The  cost  of  the  "water 
end ' '  is  given  in  terms  of  gallons  per  minute  at  the  rated  capacity.  The  cost  (tf 
the  "  steam  end  "  is  given  in  tenns  of  indicated  horse-power  and  it  is,  therefore, 
necessary  to  figure  this  horse-power  by  assuming  the  combined  efficiency  of  the 
engine,  drive  (if  there  is  one)  pump  and  piping.  It  will  be  noticed  that  it  is 
necessary  to  use  zones  instead  of  lines  to  indicate  these  costs,  the  variation  being 
due  to  numerous  causes.  The  zone  marked ' '  Water  end**  covers  pumps,  suction 
and  discharge  pipes,  and  is  the  only  one  which  refers  to  the  gallons  per  minute 
scale  at  the  bottom  of  the  diagram.  The  zone  marked  "  Steam  end,  compound 
condensing  Corliss  or  4'valve  engines*'  covers  the  complete  steam  plant  equip- 
ment including  this  type  of  engine  with  water  tube  boilers.  The  zone  marked 
"Compound  condensing  slide  valve*'  covers  this  type  of  engine  with  either 
water  tube  or  return  tubular  boilers  depending  on  the  size  of  plant.  The  zoM 
marked  "Simple  slide  valve  non-condensing**  covers  the  type  of  engine  indi- 
cated with  horizontal  return  tubular  boilers. 

Engineers  in  comparing  these  costs  with  other  power  plant  costs  may  decide 
that  I  have  made  them  imnecessarily  high  even  for  approximate  flgum. 
but  it  should  be  remembered  that  practically  all  of  these  plants  are  installed 
between  the  high  and  low-water  mark  of  the  stream  on  which  they  are  situated 
and  that  in  the  case  of  drainage  plants  they  must  almost  invariably  be  put  in 
on  the  land  which  they  are  to  drain.  The  freight  rates  throughout  tldi. 
territory  are  high  and  the  problem  of  transporting  material  from  the  railroad 
to  the  site  of  the  plant  L  always  a  difficult  one,  as  it  usually  means  either  haul- 
ing many  miles  over  roads  which  are  sometimes  impassable,  or  barging  oo 
streams  that  are  seldom  navigated.  All  of  these  plants  go  in  near  the  ooait 
on  land  more  than  100  miles  from  the  location  of  any  stone  suitable  for 
concrete.  On  one  occasion  the  best  quotation  which  we  could  get  on  aand  or 
gravel  delivered  on  barge  at  the  site  of  the  plant  was  $4.00  per  yard,  and  yet 
this  plant  was  located  on  a  stream  supposed  to  be  navigable.  On  one  dndnaga 
plant  there  were  90  days  in  which  the  water  was  either  at  or  near  the  flow  Una 
and  the  erection  work  had  to  remain  at  a  standstill.  This  same  plant  whea 
completed  could  not  be  tested  for  lack  of  water  to  give  contract  condltiooa. 
In  the  case  of  every  plant  on  the  Rio  Grande  for  which  we  have  fumiahad 
equipment,  the  river  has  overflowed  between  the  times  when  the  madiinaiT 
was  delivered  and  the  completion  of  the  plant.  This  overflow  has  flooded  thi 
valley  for  eight  or  ten  miles  from  the  plant. 

If  the  curves  were  carried  out  a  little  further  they  would  show  the  fallacy  d 
a  belief  which  many  people  have  that  simple  slide-valve  engines  and  vetan 
tubular  boilers  form  the  cheapest  equipment  which  can  be  furnished  under  aB 
conditions.  Many  saw-mill  owners  purchase  this  class  of  machinery  with  thi 
idea  that  they  are  not  interested  in  economy  and,  therefore,  should  buy  tht 
cheapest  class  of  engines.  Where  the  horse-power  required  is  400  h.  p.  or 
above,  they  could  imdoubtedly  buy  compound  condensing  equipment  with  ttaa 
necessary  horse-power  of  water  tube  boilers,  and  the  cost  of  the  compMl 
plant  erected,  including  building,  would  be  much  below  that'  of  the  iiimrna 
oniical  plant. 

Comparative    Economy    of    Steam    Operated    and    Electrically    Qftratrf 
Pumping  Plants  for  Drainage. — An  argument  for  the  u.se  of  electric  PWM^t< 
for  oi)erating  drainage  pumping  plants  is  contained  in  a  paper  read  befon  tk^' 
fourth  meeting  in  Jan.,   1912,  of  the  Associati(Hi  of  Drainage  end  LeivMs^ 
Districts  of  Illinois.     The  following  matter  is  from  an  abstract  of  the 
as  published  in  Engineering  ami  Contracting,  Oct.  1,  1018. 
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it  of  Water  to  be  Pumped. — The  average  rainfall  for  the  lands  com- 
lie  districts  in  the  Illinois  River  may  be  closely  estimated  from  the 
^hich  have  been  kept  since  1899  by  the  Commissioners  of  the  Coal 
rainage  and  Levee  District  and  also  from  the  Internal  Improvement 
lion  of  Illinois.  The  Coal  Creek  records  ^ow  an  average  yearly 
}f  slightly  less  than  32  ins.,  while  the  maximum  rainfall,  which 
in  1902,  was  41.55  Ins.,  or  about  25  per  cent  more  than  the  average 
The  average  rainfall  in  Central  Illinois,  as  given  by  the  Internal 
ment  Commission  of  Illinois,  is  found  to  be  35.34  ins.,  which  is 
per  cent  greater  than  the  records  of  the  Coal  Creek  station, 
aper  refers  specifically  to  the  conditions  existing  in  the  case  of  drain- 
icts  lying  along  the  Illinois  River,  and  for  these  districts  the  average 
infall  is  about  32  ins.,  while  the  maximum  rainfall  is  about  40  ins. 
e  Run-off  of  Drainage  Lands. — There  are  very  few  data  as  to  the 
in-off  measured  in  per  cent  of  the  average  rainfall.  The  report  of 
nal  Improvement  Commission  of  Illinois,  1908-1910,  shows  that  the 
im-ofF  of  the  rivers  of  the  state  was  about  26.6  per  cent  of  the  rainfall, 
-off  is  considerably  exceeded  in  drainage  districts  because  of  the  ease 
ch  the  water  is  drained  from  the  land,  thus  making  the  evaporaticm 
would  normally  occur,  and  also  because  of  a  small  amount  of  seepage 
river  into  the  district  under  the  levees. 

^ere  made  during  the  past  year  of  the  actual  discharge  of  the  pumps 
>al  Creek  Drainage  and  Levee  District  and  it  was  found  that  after 
g  the  hours  of  operation  with  the  rainfall  from  Jan.  1  to  Sept.  25, 
run-off  was  at  the  rate  of  31.2  per  cent  of  the  rainfall.  This  run-off 
that  the  discharge  was  about  one-sixth  greater  than  the  discharge  of 
(  of  the  state,  this  increase  being  due  no  doubt  to  a  small  amount  of 
tnd  a  decreased  amoimt  of  evaporation.  It  is  probable  that  the 
Jl  per  cent  for  run-off  may  be  applied  without  serious  error  to  all  of 
cts  similarly  situated  in  the  Illinois  valley. 

port  of  the  Louisa-Des  Moines  Drainage  District,  No.  4,  for  1911, 
it  the  amoimt  of  run-off  which  occurred  was  equal  to  31.8  per  cent 
infall  for  that  year.  This  figure  corroborates  the  former  figure  to  a 
^^reo  and  tends  to  make  the  figure  of  about  31  per  cent  a  reliable  one. 
tual  average  amount  of  water  to  be  pumped  therefore  amounts  to 
per  cent  of  32  ins.  in  rainfall,  or  approximately  10  ins.  in  depth  of 
each  acre  of  the  watershed.  The  maximum  amount  of  water  to  be 
)robably  amounts  to  about  31  per  cent  of  41.5  ins.  or  about  13  ins. 
nrater  on  each  acre  of  the  watershed. 

f  Water  to  be  Pumped  Against. — The  lift  of  the  water  to  be  pumi)ed 
lets  varies  from  zero  for  natural  drainage  up  to  a  maximum  of  about 
the  lowest  districts.  The  extreme  maximum  lift,  however,  only 
oe  in  six  or  seven  years,  and  then  only  for  periods  of  probably  ten 
*om  records  which  were  kept  in  the  Coal  Creek  District  the  maximum 
led  19  ft.  in  only  two  years  out  of  13,  and  the  total  number  of  days 
lich  this  lift  was  exceeded  amounted  to  31  days  in  these  two  years, 
nnal  maximum  lift  of  the  deeper  districts  of  the  river  is  probably 
ft.  for  those  districts  which  never  have  natural  drainage.  Many 
re  able  to  drain  their  land  during  time  of  low  water  simply  by  open- 
vays.  In  these  districts  the  normal  maximimi  lift  is  about  13  to  14 
ftverage  lift  through  which  water  has  to  be  pumped  varies  from 
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Maximum  Pumping  Capticity  Required. — S.  W.  Woodward,  in  the  United 
States  Department  of  Agrriculture  bulletin,  "Land  Drainage  by  Means  d 
Pumps,"  concludes  after  a  very  thorough  examination  of  this  question,  that 
the  maximum  capacity  should  be  sufficient  to  remove  H  in.  of  rainfall  in  24 
hours  of  continuous  operation.  Pumping  plants  which  have  had  this  capacity 
have  been  able  to  drain  successfully  their  districts  in  the  worst  storm  condi- 
tions, and  it  would  seem  therefore  that  a  larger  capacity  than  this  only  entaflfl 
useless  investment. 

Since  the  maximum  lift  occurring  in  any  district  only  occurs  once  in  about 
six  years,  and  then  only  for  a  short  period  it  is  not  necessary  to  provide  this 
capacity  of  K-in.  per  day  at  the  maximum  lift.  In  general,  the  maximum 
power  required  should  be  that  necessary  to  remove  ^-in.  of  water  In  24  houn 
against  a  lift  of  about  3  ft.  less  than  the  highest  recorded  lift.  In  other  words, 
if  the  highest  recorded  lift  be  21  ft.  a  pumping  capacity  of  K-in.  per  24  houn 
against  a  lift  of  18  ft.  will  be  sufficient. 

To  the  lift  mentioned  above  must  be  added  the  loss  of  head  due  to  friction 
of  the  water  in  the  suction  and  discharge  pipes  and  the  velocity  head. 

Types  of  Steam  Pumping  Stations. — Most  of  the  pumping  stations  now  used 
to  drain  districts  are  steam  driven  and  the  majority  of  these  stations  cominlM 
an  installation  of  fire  tube  boilers,  Corliss  or  four-valve  engines  either  b|ri^ 
driven  or  direct  connected  to  centrifugal  pumps.  The  usual  arrangenMOt 
is  to  have  two  pumps  to  a  station,  the  relative  capacities  of  which  may  Uflually 
be  one-third  and  two-thirds,  respectively,  of  the  total  capacity.  The  object 
of  having  a  dissimilarity  of  sizes  is  due  to  operating  conditions  which  reqnln 
heavy  pumping  for  only  about  three  months  of  the  year.  During  the  otbff 
nine  months  the  amount  of  water  to  be  pumped  is  far  below  the  capatity 
necessary  for  the  maximum  requirements,  and  the  smaller  unit  is  gn- 
erally  intended  to  handle  the  minimum  flow  of  water  as  economicaUy  M 
possible. 

From  60  to  75  per  cent  of  the  total  work  done  in  pumping  the  water  II 
ordinarily  done  from  March  15  to  June  15,  while  the  remaining  25  or  40  ptf 
cent  is  about  evenly  distributed  over  the  other  nine  months  of  the  jwr> 
This  condition  is  detrimental  to  the  economy  of  a  steam  plant  because  ditilm 
a  period  of  about  nine  months  the  amount  of  pumping  to  be  done  is  far  balav 
the  capacity  of  the  plant. 

Fixed  charges  are  a  very  appreciable  part  of  the  total  cost  of  pumptaV- 
For  the  conditions  existing  on  the  Illinois  River  the  item  of  interast  ihoaU 
be  taken  at  6  per  c^iit,  taxes  and  insurance  at  1  per  cent  and  depreciation  aft 
10  per  cent,  giving  a  total  of  17  per  cent  fixed  charges  per  year  on  the  origtaal 
Investment.  The  fixed  charges  provide  for  the  financing  of  the  piunplni 
plant  as  a  permanent  institution  so  that  a  sinking  fund  may  be  est 
which  will  provide  money  for  renewals  and  rebuilding  from  time  to  time  i 
to  maintain  the  plant  continuously  in  working  order.  When  the  fl^ad  chMfM 
have  been  properly  taken  into  account  after  an  adequate  pumping  station] 
been  built  it  is  never  necessary  to  levy  additional  assessments  from  tfaM  Hi- 
time  to  provide  for  rebuilding  the  plant. 

The  operating  expenses,  of  which  the  principal  items  are  coal,  labor, 
plies  and  repairs,  provide  merely  for  the  daily  operation  of  the  i^ant,  and ' 
operating  expenses  are  in  no  sense  the  total  cost  of  operation,  as  hasoCtanI 
assumed  when  the  cost  of  pumping  is  discussed.    The  actual  cost  of  < 
the  steam  pumping  stations  of  several  drainage  districts,  based  on  tbe  i 
in  the  district,  is  given  in  Table  XV. 
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Tabud  XV.— CoeT  of  Stxam  Pumping 


s 


:^  is     "s     h     -I      '«     92     Is 

ffl-§  3^     ^^     ^S!     |.     |l     I&     OS  |S 

...  100  $  7.000  $1,190  $2,200  2.160  2.160  $1.02  $1.57  66 

...275  30.000  5.100  8.412  11.000  11.000   .765  1.23  62 

...500  50.000  8.500  5.966  16.000  13.000   .459  1.11  41 

.  .  250  25.000  4.250  5.400  7.420  6,800   .795  1.42  56 

...  325  35.000  5.950  4,700  7,420  6.800   .690  1.57  44 

lis $3.74     $6.90  268 


•age $0,748  $1.38  53.6 

.verage  cost  of  drainage  by  well  designed  steam  stations  draining 
of  about  10,000  acres  is  about  $1.25  per  acre  per  year,  of  which  the 
g  expenses  will  be  about  60  cts.  at  the  present  prices  of  coal  and 

of  Electric  Pumping  Stations. — The  types  of  electric  pumping  8ta- 
w  in  use  in  the  Illinois  River  include  standard  centrifugal  pumps  belt- 
y  constant  speed  induction  motors  and  the  transformers  and  other 
I  equipment  necessary  for  the  operation  of  the  motors.    The  pumping 

of  these  plants  should  preferably  be  divided  into  three  units  instead 
A  is  the  usual  design  in  a  steam  plant. 

!  the  great  advantages  of  the  electric  pumping  station  over  a  steam 
I  that  the  pumping  units  may  be  properly  sized  for  the  work  that  they 
perform.  One  of  these  pumps  should  be  small  enough  so  that  it  may 
long  periods  and  merely  take  care  of  the  minimum  flow  of  water, 
til  imit  permits  the  level  of  the  water  in  the  ditches  to  be  kept  prac- 
>nstant  and  this  water  may  be  pumped  out  each  day  without  addi- 
pense  over  letting  the  water  accumulate  and  pumping  it  down  at  a 
i,  as  is  done  in  steam  plants. 

rerage  initial  cost  of  the  steam  stations  given  in  Table  XV  is  $3.71  per 
he  cost  of  electric  stations  for  this  same  work  would  vary  from  $2.22 
per  acre. 

ced  charges  of  an  electric  plant  are  less  than  the  fixed  charges  of  a 
ant  and  they  have  been  taken  as  follows:  Interest  at  6  per  cent; 
i  insurance  at  1  per  cent,  depreciation  at  6  per  cent,  giving  a  total  of 
snt  fixed  chaiges  per  year  on  the  investment  in  an  electric  station, 
he  higher  figure  of  $2.41  per  acre  as  the  cost  of  electric  stations,  the 
rges  per  acre  per  year  amount  to  13  per  cent  of  $2.41,  or  31  cts.  per 
year. 

tal  average  cost  of  drainage  by  steam  pumps  in  Table  XV  is  $1.38  per 
year,  based  on  the  acreage  in  the  district.  Subtracting  from  this 
>  31  cts.  fixed  charges  on  an  electric  station  shows  that  $1.07  per  acre 
am  be  paid  for  operating  expenses  including  electrical  energy,  without 

a  higher  total  cost  than  the  average  cost  of  steam  pumping, 
r  the  total  cost  of  pumping  by  well-designed  steam  stations  as  $1.25 
^er  year,  we  find  by  the  same  method  that  the  sum  of  94  cts.  per  acre 
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per  year  may  be  expended  for  operating  expenses  in  an  electric  8tati<Mi  before 
the  total  cost  exceeds  the  cost  of  steam  pmnping. . 

Following  the  same  process  with  the  minimum  attainable  cost  of  $1.10  per 
acre  per  year,  it  is  fomid  that  70  cts.  per  acre  per  year  may  be  expended  on 
operating  expenses  without  these  expenses  exceeding  the  cost  of  steam 
pumping. 

The  items  of  labor  and  supplies  in  an  electric  plant  will  not  exceed  16  per 
cent  of  the  total  operating  expenses.  Reducing  this  figure  to  terms  of  the 
energy  required,  it  is  seen  that  if  we  combine  the  energy  required  with  the 
labor  and  supplies  on  this  basis  an  equivalent  amount  of  energy  equal  to  24 
kilowatt  hours  per  acre  per  year  would  be  required. 

On  this  basis  the  average  steam  station  given  in  Table  XV  could  be  substi- 
tuted by  an  electric  station  and  a  rate  of  $1.07  divided  by  24  kilowatt  houxii 
or  4.07  cts.  per  K  W.  H.,  could  be  paid  without  the  total  cost  of  puiiU)iiW 
exceeding  the  cost  given  in  Table  XV. 

In  the  case  of  the  total  average  cost  for  well-designed  steam  staUoos  or 
$1.25  per  acre  per  year,  a  district  could  afford  to  pay  3.92  cts.  per  K.  W.  H. 
without  the  total  expense  exceeding  $1.25  per  acre  per  year. 

In  the  case  of  the  minimum  attainable  cost  of  $1.10  per  acre  pcMT  year  a  dii- 
triot  can  afford  to  pay  3.29  cts.  per  K.  W.  H.  before  the  total  cost  of  operation 
exceeds  $1.10  per  acre  per  year. 

All  the  evidence  shows  that  if  a  supply  of  electrical  energy  can  be  bou^tfor 
4  cents  per  K.  W.  H.,  that  the  total  cost  of  pumping  by  electricity  doesnal 
exceed  the  total  cost  of  pumping  by  steam  in  well-designed  steam  stations. 
If  a  district  is  able  to  obtain  a  lower  rate  than  4  cts.  per  K.  W.  H.  for  eneiSf 
they  are  able  to  save  money  over  the  cost  of  operating  steam  stattons. 

If  energy  cannot  be  bought  for  less  than  4  cts.  per  K.  W.  H.*  the  question  M  to 
how  high  a  rate  it  is  permissible  to  pay  depends  on  the  relative  value  of  eleotrio 
pumping  compared  with  steam,  as  measured  by  the  results  obtained  inslMd 
of  the  money  expended.  When  considering  this  quef>tion  from  the  broadMl 
view,  a  drainage  district  is  formed  for  the  purpose  of  raising  agiicultiuri 
products  and  not  for  pumping.  It  therefore  follows  that  the  m^bod  of 
pumping  should  be  that  which  secures  the  best  results,  provided  the  niponM 
be  not  too  great. 

The  districts  having  electric  pumping  stations  are  known  and  tch  ij^nlMi 
as  the  bast  drained  districts  in  this  locality.  The  failure  of  one  crop  woirid 
often  pay  for  the  building  of  three  or  four  power  stations,  and  such  failura  an 
less  likely  to  occur  with  electric  drive  than  from  any  other  type  of  pftnH 
mover. 

For  this  reason  electric  drive,  while  it  may  cost  less  than  steam  drive,  and  11 
generally  does,  is  worth  considerably  more  money  than  is  steam  pirnipinf. 

Explanation  of  Advantages  of  Electric  Drive. — (1)  The  investment 
to  build  well-designed  electric  pumping  stations  complete  will  vary  from  ab 
$55  to  $70  per  horse  power  of  the  nominal  capacity  of  motors  installed. 
general  an  electric  station  will  cost  from  55  to  65  per  cent  of  an  equallj  n 
designed  steam  pumping  station. 

(2)  The  size  of  the  buildings  required  to  house  the  pumping  apparatia  i 
the  auxiliary  electric  equipment  necessary  is,  roughly,  about  one-half  of 
size  of  a  building  required  for  a  steam  station  on  account  of  the  *»iw*^nn1 
of  boilers.  mt ' 

(3)  It  often  happens  that  the  pumping  capacity  of  a  plant  is  found 
cient  at  a  time  when  there  is  greatest  need  for  power.     Should  tWa 
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additional  power  may  be  secured  on  shorter  notice  by  electric  drive  than  by 
any  other  means.  This  ability  to  enlarge  the  power  at  short  notice  gives  the 
district  added  safety  against  failure  of  crops  due  to  unusual  flood  conditions. 
(4)  An  electric  station  will  have  a  far  longer  life  than  a  steam  station 
because  the  rate  of  depreciation  is  much  less.  The  pumps  will  last  longer 
driven  by  motors  than  will  the  same  pumps  driven  by  steam  engines,  because 
the  torque  of  the  motor  is  perfectly  uniform. 

In  a  well-designed  induction  motor  there  are  no  other  important  materials 
than  iron,  copper  and  insulation.  The  only  reason  why  a  well-designed 
motor  goes  out  of  use  is  when  the  motor  has  been  overloaded  so  as  to  heat  the 
Insulation  to  the  limit  of  endurance,  beyond  which  the  fabric  of  insulating 
material  deteriorates,  and  this  fabric  is  always  treated  by  a  preserving  mate- 
rial, after  which  it  is  baked  so  as  to  form  a  solid  substance,  and  is  thus  pro- 
tected against  moisture,  mildew  or  decay.  Theoretically,  if  the  insulation  has 
Qot  been  overheated  due  to  overloading,  a  motor  will  last  indefinitely,  when  the 
bearings  are  renewed  from  time  to  time,  at  small  expense.  Practically, 
Dwing  to  the  fact  that  in  spite  of  all  precautions  materials  do  deteriorate,  the 
life  of  a  motor  under  these  conditions  is  at  least  20  years,  and  the  rate  of 
depreciation  is  generally  from  4  to  5  per  cent,  and  the  motor  has  considerable 
icrap  value  for  the  copper  contained  at  the  end  of  its  life. 

In  a  motor  there  are  no  cylinders  to  be  bored,  valve  seats  to  be  refaced,  or 
the  usual  maintenance  that  jias  to  be  put  on  engines  and  also  on  boilers  to 
nsure  their  continuous  operation.  The  efficiency  of  motors  is  retained  indefi- 
litely,  while  the  efficiency  of  every  other  type  of  prime  mover  grows  less  with 
ncreasing  wear. 

One  of  the  largest  items  in  the  cost  of  operating  a  steam  station  is  the  con- 
tinual maintenance  and  repairs  to  boilers,  in  fact  many  boilers  in  this  service 
lave  lasted  for  only  five  or  six  years.  As  the  boiler  nears  the  end  of  its  life 
ihe  pressure  on  it  must  be  reduced  and  this  therefore  lowers  the  power  which 
am  be  developed  by  the  engine,  and  hence  reduces  the  pumping  capacity. 
toilers  are  apt  to  fail  at  the  time  of  greatest  need  and  when  this  occurs  the 
oes  of  one  boiler  from  the  service  is  lilcely  to  result  in  serious  damage  to  crops. 
rhe  life  of  boilers  in  this  service  is  also  shortened  by  the  fact  that  they  are 
die  for  such  long  periods,  and  as  a  result  the  brick  work  cracks,  the  boiler 
letting  becomes  leaky,  and  the  flues  and  shell  are  attacked  by  corrosion.  The 
dectric  pumping  station  enables  all  boilers  to  be  eliminated  and  thus  the 
weakest  element  of  a  steam  plant  is  not  necessary  in  an  electric  station. 
(6)  There  is  no  objection,  as  stated  above,  to  installing  small  pumping  units 
which  may  operate  continuously  at  high  efficiencies,  as  is  not  the  case  in  a 
iteam  plant,  because  small  steam-driven  units  are  not  as  efficient  as  large 
ones. 

(6)  It  is  practicable  in  electric  stations  to  install  protective  devices  which  will 
protect  the  motors  in  case  there  is  a  temporary  interruption  of  the  service,  or  in 
case  the  motors  are  overloaded. 

A  no-voltage  release  effectually  protects  the  motors  against  temporary  inter- 
ruption of  service,  and  an  over-load  release  or  circuit  breaker  protects  the 
niotors  against  any  load  greater  than  that  which  it  is  safe  to  use  continuously, 
ft  is  good  practice  in  electric  stations  to  install  in  the  pumping  stations  loud- 
"Wnding  alarms  which  would  operate  if  the  power  supply  were  interrupted 
**ttporarily,  and  in  the  residence  of  the  attendant,  so  that  in  case  the  motors 
*»  stopped  from  either  of  these  causes  then  the  attendant  may  restore  the 
••▼ice. 
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(7)  An  electric  pumping  station  of  almost  any  size  now  required  may  be 
operated  by  one  man,  whereas  as  many  as  seven  men  are  sometimes  required 
to  operate  steam  plants  running  24  hours  per  day.  It  is  not  necessary  for  ao 
attendant  to  be  on  hand  when  the  pumps  are  operating.  In  fact,  during  » 
large  part  of  the  year  electric  plants  can  be  made  entirely  automatic  by  meaofl 
of  float  controls  when  submerged  centrifugal  pumps  are  used  with  a  foot  yahe 
in  the  discharge  pipe. 

(8)  Only  a  few  minutes  are  consiuned  in  getting  the  station  into  operation 
after  the  attendant  has  arrived  at  the  pumping  station.  The  only  prepan- 
tion  which  has  to  be  made  before  actual  pumping  is  started  is  to  exhaust 
the  air  from  the  pumps  by  means  of  a  sm&^  motor-driven  vacuum  punVi 
which  operation  requires  from  5  to  15  minutes. 

.  (9)  The  motors  themselves  have  only  two  bearings  and  these  run  in  a  oon- 
stant  stream  of  oil  fed  by  the  oil  rings  on  the  shaft.  The  oil  in  these  beaziDfi 
need  not  be  replenished  except  at  intervals  of  several  weeks,  and  the  grade  of 
oil  necessary  to  use  costs  far  less  than  cylinder  oil. 

The  only  repairs  or  renewals  necessary  to  make  in  the  motors  are  infrequent 
renewals  of  bearings  and  the  brushes  on  the  slip  rings.  The  cost  of  suppUM 
such  as  oil,  waste  and  packing  is  greatly  reduced  in  an  electric  plant. 

(10)  A  volume  could  be  written  on  the  difficulties  which  have  been  flxp*- 
rienced  by  drainage  districts  on  having  coal  and  supplies  delivered  at  tlN 
pumping  station.  Many  crop  failures  may  be  .traced  to  the  supply  of  cotl 
running  out  at  a  time  when  the  river  was  closed  to  navigation  or  to  ottaar 
causes  beyond  the  control  of  the  district.  The  necessity  of  storing  practloallf 
a  year's  supply  of  coal  in  the  fall  results  in  the  loss  of  interest  on  a  lai|i 
amount  of  money,  and  the  heating  value  of  the  coal  thus  stored  sexiously  teOi 
off  because  of  air  slacking. 

(1 1)  There  is  less  risk  from  fire  with  an  electric  station  than  with  any  otber 
type  of  prime  mover,  as  no  fire  need  be  kept  aroimd  the  building  ezoept  • 
small  heating  stove  in  the  winter,  if  this  is  desired.  The  station  is  adS" 
quately  protected  from  lightning  entering  on  the  transmission  lines  by  ttas 
installation  of  efficient  lightning  arresters. 

(12)  High-speed  pumps  may  be  used  with  electric  drive  and  higher  cfflciw 
cies  may  be  obtained  from  the  higher  speeds.  High-speed  pumps  cost  tea  It 
install  than  the  slow-speed  pumps  which  are  necessary  with  steam  fngln— - 
The  even  torgue  given  by  electric  motors  insures  a  longer  life  to  the  pump  saA 
pump  bearings,  which  with  steam  engines  would,  with  the  constantly  *«iifc»ntin 
direction  of  the  forces  applied,  tend  to  throw  the  whole  structure  out  of  Una 

The  steam  engine  Ls  inherently  a  low-speed  machine,  especially  when  lA 
effort  is  made  to  obtain  economy  by  use  of  four  valves  in  the  (blinder.  OB 
account  of  this  low  speed  the  pump,  if  it  is  to  be  direct  connected,  nniiibi 
made  to  suit  the  needs  of  the  engine  and  thus  sacrifice  the  efficiency  which  ii 
attainable  when  higher  speed  pumps  are  used.  The  speed  of  the  pumps  iB 
electric  stations  is  not  limited  by  any  such  consideration  and  hence  the  punpi 
may  be  designed  for  high  efficiency  without  a  compromise  on  account  oC  ttat 
inherent  characteristics  of  the  prime  mover. 

(13)  Electric  power  companies  are  generally  willing  to  contract  for  a  sopplr 
of  power  over  a  long  period  of  years,  thus  guaranteeing  the  districts  tlial  tlv 
cost  of  power  will  not  increase  during  that  i)eriod.    The  operating  i 
of  a  steam  station  are  almost  wholly  composed  of  coal,  labor  and 
and  it  is  certain  that  the  cost  of  these  items  will  continually  increase  iluilinthP] 
next  few  years.     Electric  power  is  the  only  kind  of  power  for  which 
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contract  can  be  obtained  as  to  its  cost.  This  feature  alone  makes  electric 
power  supply  a  very  safe  one  as  an  insurance  against  continually  increasing 
operating  expenses. 

(14)  It  is  impracticable  to  operate  more  than  one  steam  pumping  plant  in  a 
district  because  of  increasing  operating  expenses,  and  this  fact  has  controlled 
the  design  of  the  layout  of  the  districts  so  that  the  engineers  were  compelled 
to  bring  all  of  the  water  to  one  point. 

This  feature  of  a  steam  station  is  very  unfortunate,  because  many  districts 
are  so  situated  that  if  more  than  one  pumping  station  could  be  built  the  cost 
of  canals  and  ditches  would  be  considerably  less.  In  addition  to  this  advan- 
tage, the  long  and  ^aborate  canal  system  when  all  of  the  water  is  brought  to 
one  point  means  that  the  water  generally  has  to  be  lifted  through  a  greater 
height  to  the  river  than  would  be  the  case  if  two  stations  could  be  built. 

In  other  words,  electric  drive  makes  possible  a  revision  -of  the  accepted 
design  for  drainage  systems,  because  more  than  one  station  can  be  operated 
without  seriously  increasing  the  cost  of  pumping.  One  attendant  may  operate 
both  stations  in  a  satisfactory  manner.  The  added  cost  due  to  having  more 
than  one  station  is  simply  the  larger  cost  of  investment  because  oi  the 
separation. 

Amount  of  Energy  Required. — The  amount  of  electrical  eneigy  required  to 
drain  the  wat^  from  a  district  depends  on  the  lift,  the  efficiency  of  pumps  and 
the  amount  of  water  to  be  removed.  As  has  been  previously  shown,  the 
average  amount  of  water  to  be  removed  is  about  ten  inches.  The  maximum 
average  attainable  efficiency  would  probably  be  70  per  cent  for  the  pumps  and 
90  per  cent  for  the  motors,  or  63  per  cent  combined  efficiency  from  the  in-put 
ko  ttie  motors  to  the  work  done  by  the  piunps.  An  example  has  been  worked 
out  along  these  Unes  for  a  district  comprising  7,518.5  acres  of  watershed,  as 
follows: 

Average  rainfall,  32  ins. 

Average  run-off,  31.2  per  cent  X  32  =  10.00  ins. 

Average  static  head  pumped  against,  10.8  ft. 

Add  3  feet  for  frictions. 

Total  head,  10.8  plus  3  ^  13.8  ft. 

Water  to  be  pumped  per  year: 

10 

-  X  43,560  X  7,518.5  =  273,000,000  cu.  ft. 

12 

Work  done  m  raising  water  at  100  per  cent  efficiency: 

273,000,000  X  62.5  X  13.8        ,,^  ^^  „   „  ^ 

■ =  119,000  H.  P.  hours. 

60  X  33,000 

119,000  X  .746  =  88,800  K.  W.  H.  of  electrical  energy. 

70  per  cent  X  90  per  cent  =  63  per  cent  maximum  combined  efficiency 

motor  and  pump. 

S8i800 

" =    141,000  K.  W.  H.  per  year,  or  18.7  K.  W.  H.  per  acre  per  year. 

.63 

Enebot  Rsquihxd  fob  Vabioub  Combined  Efficiencies 

K.  W.  H.  required 
Combined  efficiency  per  acre  per  year 

A  per  cent • 18.7 

^percent 19-6 

ffiperoent 21.4 

»iwcent.. 23.6 

I 

I 
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The  minimum  energy  requirements  for  average  rainfall  conditions  are  seen 
to  be  18.7  K.  W.  H.  per  acre  per  year.  If  the  average  combined  efficiency 
of  63  per  cent  could  not  be  secured  the  table  shows  that  the  eneo^^y  require- 
monts  would  go  up  to  23.6  K.  W.  H.  per  acre  per  year  if  the  combined  efficiency 
were  as  low  as  50  per  cent.  The  combined  efficiency  of  50  per  cent  in  tliis 
case  would  mean  an  average  pump  efficiency  of  56  per  cent,  which  is  con- 
siderably less  than  can  be  attained  by  good  pumps  operated  with  care.  The 
actual  energy  requirements  for  average  conditions  would  probably  be  20 
K.  W.  H.  i)er  acre  per  year.  This  figure  would  correspond  to  a  combined 
efficiency  of  about  59  per  cent  or  an  average  pumping  efficiency  at  about  65 
per  cent,  which  can  probably  be  realized. 

Coat  of  Electric  Drive. — The  average  cost  of  building  an  electric  station  is 
from  55  to  65  per  cent  of  the  cost  of  an  equally  well-designed  steam  statioo. 

Conclusions. — It  is  fair  to  draw  the  following  conclusions  from  the  evideiice 
presented: 

First — The  total  cost  of  steam  pumping  in  well-designed  plants  is  $1.25  per 
acre  per  year. 

Second — If  electrical  energy  can  be  purchased  for  4  cts.  per  K.  W.  H.  the 
total  cost  of  electric  pumping  does  not  exceed  the  cost  of  steam  pumidng. 

Third — Electric  pumping  has  so  many  advantages  over  any  other  kind  d 
power  that  it  is  worth  more  money  to  drainage  districts  beca;use  of  tbeee 
advantages. 

Reference  to  Cost  Data  on  Pomping  and  Pumping  Plants. — For  greater 
detail  and  more  data  on  the  cost  of  pumping  refer  to  the  chapter  on  Pumpi 
and  Pumping  in  the  "  Handbook  of  Mechanical  and  Electrical  Cost  Data" 
by  Halbert  P.  GUlette  and  Richard  T.  Dana,  McGraw-Hill  Book  ComiMV 
Inc.  1918. 


CHAPTER  XI 

SEWERS 

This  chapter  consists  of  cost  data  relating  to  the  ooostnwtion  of  vitrifled 
id  concrete  pipe  sewers  and  larger  sewers  of  reinforced  concrete  and  brick. 
iiTther  data  on  sewers  may  be  found  in  this  volume  by  referring  to  the 
dex. 

There  is  an  extensiye  section  on  cost  of  sewers  in  Gillettes'  *'  Handbook  of 
Dst  Data"  and  detailed  Methods  and  costs  of  trenching  are  given  in  Qillettes' 
E!arthwork  and  Its  Cost"  and  the  "  Handbook  of  Rock  Excavation." 
Cost  of  Shallow  Sewer  Trenching  with  Sewer  Excavator. — ^A.  W.  Peters 
vee  the  following  data  in  Engineering  and  Contracting.  Feb.  28,  1912. 
Work  waS'begun  on  the  Moundsville,  W.  Va.,  sewer  system  in  May,  1911. 
ibor  troubles  developed  a  few  weeks  later.  The  contract  time  was  one 
lar.  The  cuts  called  for  were  as  follows:  syi  miles  of  trench  from  0  to  6  ft. ; 
•H  miles,  from  6  to  8  ft.  deep;  3  miles,  from  8  to  10  ft.  deep;  and  3  miles  of 
BDdi  in  which  the  cut  was  greater  than  10  ft. 

The  contractor,  finding  the  soil  suitable  for  machine  work,  purchased  a 
0.  00  Chicago  Sewer  Excavator,  steam  driven.  The  excavator  was  fitted 
th  buckets  22  ins.  wide,  and  a  separate  set  at  buckets  27  ins.  wide  was 
cured.  The  length  of  arm  was  8  ft.,  with  an  extra  2  ft.  extension  for  use  in 
tting  trenches  10  ft.  deep.  The  contractor  was  then  in  shape  to  handle  23 
it  of  26  miles  of  his  trench  work,  regardless  of  labor  conditions. 
The  topography  of  Moimdsvilie  was  favorable  to  machine  work;  the  grades, 
thin  the  corporate  limits,  being,  very  light,  The  soil  was  excellent  for 
Euihine  work,  being  mostly  fine  sand  mixed  with  loam  and  unstratified  yellow 
ly,  moist  enough  to  stand  well  with  only  occasional  vertical  braces.  Where 
e  sand  and  loam  predominated  in  the  mixture,  the  machine  made  big 
ily  runs;  when  the  clay  predominated,  the  going  was  much  harder  and 
>wer.  At  places  soil  was  encountered  which  was  as  stiff  as  a  glacial  drift 
•rdpan,  but  which  contained  no  boulders,  or  even  small  stones. 
As  the  light  cuttings  handled  by  this  machine  were  situated  between  the 
ro  trunk  sewers,  and  therefore  pretty  well  bunched,  not  much  time  was  lost 
shifting  the  machine  from  one  street  to  another.  When  an  occasional 
Dig  shift  was  necessary  the  machine  traveled  under  its  own  power  at  the 
te  of  IH  miles  per  hour.  Table  I  gives  the  operating  cost  of  the  excavator. 
Uttie  explanation  is  due  some  of  the  items: 

SuperirUendenee. — Four  gangs  working,  therefore  one-quarter  of  superin- 
odrait's  time  is  charged  to  the  excavator. 

Sheeting. — ^Although  this  item  has  been  figured  into  the  daily  cost,  yet 
ffle  were  times  when  no  bracing  was  necessary,  the  banks  standing  up  well 
iring  the  backfilling  and  fiushing.  For  those  cases  where  vertical  bracing  is 
It  necessary  our  excavation  cost  is  slightly  high,  or  on  the  safe  side. 
CocU. — ^A  steam  driven  machine  was  selected  by  the  contractor,  because 
ere  are  three  bituminous  coal  mines  within  a  mile  of  the  city  which  supply 
Mf  mn  of  mine,  at  5  cts.  a  bushel,  7  cts.  delivered. 
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Table   I. — Daily  Opsbatinq  Cost  of  Ceuccaqo  Sbwbb  Exgayatioh  at 

MOUNDSVILLB,    W.    Va. 

Operation: 

Superintendence $  1.50 

Engineer  and  helper 4.75 

Watchman *. 1.75 

Coal,  15  bu.  at  7  cts 1.06 

Water,  1  single  team 2.50 

Plumber,  service  pipes,  average .• 1.00 

Total $  12.56 

Sheeting:  Uprights  and  jacks;  no  rangers. 

2  men  at  $1.75 $8.50 

Lumber,  iised  repeatedly,  neglected. 

Maintenance: 

Replacing  dull  spuds  on  buckets $  O.50 

Engineer's  time  Sunday  cleaning  up,  $3.00/6 O.50 

Miscellaneous O.tt 

Total $  1.50 

Depreciation: 
Life  of  machine  figured  at  5  years,  9  months  to  the  year,  25  dajra 
to  the  month $  4.00 

Daily  total $21.66 

Hourly  total $  2.U 

Tablb  II. — Quantities  and  Costs  of  Machine  Excavation  on  Sewbr  Wou 


Run 
no. 

1 

2 

3 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 
10 
11 
12 
13 
13 
14 
15 
16 
16 
17 
18 
19 
20 
21 
22 
23 


Lin.  ft. 
trench 
excavated 
590 
565 
638 
530 
547 
180 
426 
100 
180 
272 
340 
130 
106 
162 
100 
565 
200 
283 
200 
100 
400 
100 
348 
450 
248 
447 
200 
316 
400 
400 


Aver, 
depth, 
ft. 
6.6 
7.5 
6.5 
8  6 
6.7 
6.0 
5.2 
6.0 
5.2 
6.9 
6.9 
4.3 
4.3 
6.8 
6.8 
7.8 
6.4 
6.4 
6.9 
5.5 
5.0 
5.0 
5.5 
5.5 
6.0 
6.3 
6.0 
5.8 
7.0 
4.0 


Hours 
actual 

run. 
time 
10 
10 
10 

9 

7.5 

2.5 

7 

2 

4 

4 

7.5 

2 

2 

3.5 

3 
10 
10 

5 

5 

4 
10 

5 

5 
10 

8.5 
10 
10 
10 

9.5 

6.5 


Cu.  yds. 

per 
hr.  actual 


run. 
time 

Cu.  yds. 
per  day 

26.4 

264 

28.6 

286 

28.1 

281 

34  2 

808 

33.0 
29.2 
21.4 
15.0 
16,0 
31.8 
21.2 
19.0 
15.0 
21.4 
15  3 
29.8 

8.7 
24.6 
18.6 

9.2 
13.5 

7.4 
26.0 
16.8 
13.4 
19.1 

8.2 
12.4 
20.0 
16.6 


Costpir 

yd.  M 

day  b«^ 

$0,062 

0.075 

0.076 

0.070 


821 


0.067 


180 

ioi 


0.U9      1 

6!ii$ 


197 


105 
46 

298 
87 


216 

37 

135 


Totals 203 


O.IOO 

•  •   •  •  • 

0.201 
0.466* 
0.072 
0.249 

•  •  •  «  • 

0.100 

0.582* 

0.150 

oVw 

0.128 
0.180 
0.112 

o.a6» 

0.178 
0.118 
0.200^ 


23  X  $21.55 

4096 
203  X  2.155 

4096 

"  Broken  chain,    ^  Bad  banks.    <"  Long  shift.    'Wet.    •Badbwiki.   / 


aver,  cost  per  cu.  yd.  —  $0,121  on  lO-hour  day  bftais. 
aver,  cost  per  cu.  yd.  =  $0,107  on  actual  ninning  tinM 
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DepredaUonj-^Iik ibis  p«rtieular  case,  no  serious bieakagw Itt^eoooaned 
to  date,  most  of  the  smaller  delays  being  due  to  the  breakage  of  links  in  the 
bucket  chain,  the  defective  links  being  easily  replaced.  StUl  a  time  must 
come  when  the  breakages,  figured  not  in  dollars  andcents  necessary  to  replace 
defective  parts,  but  in  delays  to  the  general  progress  of  the  work,  must  coor 
vince  the  contractor  that  the  efiOciency  of  his  machine  is  low  enough  to  allow 
of  its  b^ng  discarded.  It  may  be  that  five  years  is  a  conservative  estimate; 
If  so.  then  the  costs  deduced  from  this  depreciation  are  on  the  safe  side — a 
good  place  for  them  to  be. 

Table  II  shows  this  excavator  during  a  run  of  23  ctxisecutive  working  days, 
with  time  lost  in  making  shifts  from  street  to  street  and  delays  due  to  waiting 
!<»'  the  pipe  layers  in  wet  ditches,  handled  an  average*178  cu.  yds.  per  day,  at 
an  average  cost  ol  12  cts.  pec  cubic  yard.  The  maximum  yardage  per  day  was 
308.  It  is  well  to  note  this  figure  of  0.063  was  made  in  a  run  of  530  ft.  in  9 
hours  with  an  average  trench  d^tb  of  8.6  ft.  This  is  significantly  the  maxi- 
mum depth  quoted  in  this  reecHd.  In  exidanation  it  may  be  stated  that  in 
ibaUow  tren^  work  the  upper  6  or  8  ins.  of  road  metal  or  even  solid  oompaot- 
sd  surface,  which  in  comparison  to  the  rest  of  the  is  ditch  hard..to  excavate, 
tonoa  a  considerable  percentage  of  the  total  material  excavated. 

Cosi  of  BaekfUHng  the  Trench. — ^The  backfill  is  divided  into  two  parts: 
ftr8t,.tbe  foot  of  earth  covtaing,  which  is  thrown  in  and  tamped  by  hand, 
which  serves  as  a  protection  for  the  pipe  and  the  cemmit  Joints  during  the  24 
hours  in  which  the  ditch  is  left  <H>ea  for  the  Joints  to  set  up  before  flushing  eaa 
Mmmenoe;  and,  second,  the  remainder  of  the  backfill  which  is  put  in  with 
team  and  scraper  and  flushed  and  settled  with  water. 

Part  1. — ^Part  1  may  be  estimated  at  16  cts.  per  cubic  yard,  althoui^  the 
variatioa  from  this  average  cost  was  great  in  some  Uistances.  It  is  readily 
seen  that  in  estimating  the  cost  of  backfill  per  lineal  foot  on  ditches  of  various 
depths,  the  proportion  of  this  expensive  form  of  backfill  varies  inversely  as  the 
d^th.  It  has  also  been  noted  that  in  shallow  trenches  the  cost  per  cubic 
yard  of  excavation  runs  higher  than  the  same  unit  cost  in  ditches  whose  depth 
approximates  the  maximum  reach  of  the  digging  arm. 

Part  2. — The  trench  above  the  1  ft.  covering  was  filled  with  a  Sydney 
scraper  and  team.  Water  was  run  into  the  ditches  during  this  fill,  from  the 
hydrants,  with  a  meter  on  the  line.  Two  men  followed  behind  the  scraper, 
deaning  out  the  gutter  and  rounding  off  the  top  of  backfilled  trench. 

The  daily  cost  of  this  part  of  the  bacldill  is  shown  in  Table  III. 

Tabus  III. — Cost  Peb  Ctjbic  Yabd  of  Scbapbb  Backfill 

Cost  per 
Length       Depth  Actual  cu.  yd.  Cost  per 

trench       trench     Backfill,     time,     Cu.  yds.      actual      Cu.  yds.      cu.  yd. 
ft.  ft.        cu.  yds.     hours      per  hr.         time        per  day    day  basis 

150  6.5  65             3  22  $0,055  

550  4.0  147             7  21  .057  212        $0,057 

800  4.0  213  -6.5  33  .036  

280  5.0  93             3.5  27  .045  306           .039 

eOO  3.0  120             5  24  .050  (240)            .050 

565  5.0  188             5  38  .032  (376)           .032 

.    445  5.0  148             5  29  .041  (296)           .041 

(.044)* 


Totals 974  35 

974 

^v-  »  28  =  average  backfill  in  cubic  yards  per  hour. 
35 
*  tO.044  a  average  ooet  per  cubic  yard. 

^«iaailu.    Depths  taken  to  top  of  pipe  covering. 
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The  operating  cost  per  day  for  the  scraper  outfit  was  as  foUows: 

Team  and  driver $  4. 50 


Helper  on  scraper. 

Helper  on  hose,  etc 

Cleaning  up  gutter,  2  men  at  $1.75. 
Water.  5,000  gals.,  at  10  cts.  per  M. 


1.76 

1.76 

3.50 

.50 


Per  day  of  ten  hours $12. 00 

Per  hour $  1.20 

Cost  of  Deep  Sewer  Trenching  with  a  Carson  Machine. — A.  W.  Peters 
engineer  in  charge  of  sewer  construction  of  Mounds ville,  W.  Va.,  gives  the 
cost  of  deep  trench  work  with  a  Carson  machine  in  Engineering  and  Con- 
tracting, April  2,  1913.  The  Carson  machine  \s  not  an  excavating  madiine 
but  is  used  to  convey  in  buckets  on  a  cable  material  which  is  excavated  by 
hand  tools. 

On  the  two  sections  for  which  costs  are  quoted,  the  soil  consisted  of  fine 
sand  mixed  with  loam  and  unstratified  yellow  clay.  In  the  shallow  trenches 
this  material  could  be  excavated  for  a  depth  of  8  ft.,  and  the  ditch  left  open 
for  several  d^ys  in  ordinary  weather  without  endangering  the  banlcs,  although 
in  general  verticals  and  trench  braces  were  iised.  When  the  contractor 
opened  up  his  deep  ditches  in  this  material  he  decided  to  use  8-ft.  lengths  of 
sheeting,  placed  without  driving,  in  the  excavated  8-ft.  depth.  In  this  ways 
section  of  trench  8  ft.  deep  would  be  excavated  and  the  sheeting  placed;  thsD 
the  next  lower  8  ft.  of  material  would  be  removed,  and  the  second  set  d 
sheeting  placed  with  its  top  butting  up  against  the  bottom  of  the  unMr 
section,  the  banks  being  carried  down  approximately  plumb.  In  backfilUogt 
8  ft.  of  sheeting  would  be  knocked  out  and  the  trench  filled,  the  materisl 
being  tamped  against  the  trench  side  wall  and  not  against  the  sheeting,  as  is 
ordinarily  necessary. 

Table  IV. — Quantities  on  Sections  1  and  2,  Moundsville  Sewer  Tbxnohis 


a 

•Section  1 296.0 

t  Section  2 135.0 

Section  2 65.0 

Section  2 40.0 

Section  2 50.0 

Section  2 42.0 

Section  2 53.8 


Q 

31 

14-16 

16-18 

18-20 

2a  22 

22-24 

24-26 


d 
o 

> 
OS 
o 

5>» 


s « 

Ot> 
go 

Ho      md 

1,529       5.2 


« 

M 
o 
08 

B 

•a 

9 
.»» 
o 

< 

28 


H 

o 

"if 

no 
55 


a 

i 
i 

4.6 


Section  2 137 .0     26-28 

Section  2 92 . 8     28-30 


Section  2 015.6 

•  Uniform  depth  of  31.0  ft. 
t  Average  depth  of  22.1  ft. 


2 .  526 


4.1 


31 


82 


6.8 


Of  course,  these  Moundsville  conditions  are  particularly^  favorable  to  loir 
sheeting  costs,  and  all  that  that  means  in  deep  trench  work,  so  that  the  nndti 
as  derived  in  Table  V  should  be  considered  in  that  light. 
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The  material  in  these  two  sections  was  usually  picked  before  shoveling  into 
the  buckets,  as  it  could  be  handled  more  rapidly  in  that  way.  The  general 
progress  of  the  truck  work  seemed  to  be  fairly  good.  The  buckets  were 
loaded  rapidly,  the  best  men  being  placed  at  this  work.  The  machine  was 
handled  efficiently  and  the  buckets  were  run  back  and  forth  at  a  fairly  high 

Regarding  the  items  of  which  the  total  cost  is  comprised  a  few  explanations 
will  be  given: 

Excavation. — The  first  3  or  4  ft.  were  thrown  upon  the  bank  and  not  loaded 
into  buckets.  For  the  remaining  depth  two  men  shoveled  into  each  bucket, 
usually  loosening  the  material  before  shoveling. 

Machine. — The  sub-heading  "moving"  is  made  up  principally  of  the  cost 
of  moving  the  machine  along  the  ditch,  which  required  tracklaying,  anchorages 
and  hitches  ahead. 

Table  V. — Tbench  Costs  on  Section  No.  1,  Unifobm  Depth,  Moundsvillb 

Sewers 

Per  cent    Cost  per     Coat  per 
Cost  total         lin.  ft.         ou.  yd. 

Item 
Cost  bucket  loading 559.80  35.2  S1.88  $0.36 

Machine  moving $  13.96  0.9  $0.05  $0.01 

Machine  engineer 80.40  5.0  0.27  0.05 

Machine  signal 52.60  3.3  0.18  0.03 

Machine  coal 18.00  1.1  0.06  0.01 

Machine  rental 300.00  18.9  1.01  0.20 

Cost,  conveying $     464.96  29.2  $1.57  $0.30 

Sheeting $     231.42  14.6  $0.78  $0.15 

Tamping 97.06  6.1  0.33  0.06 

Teams 40.50  2.6  0.14  0.03 

Pavem't  removal 15.12  1.0  0.05  0.01 

Pavem't  replacement 41 . 20  2.6  0. 14  0.03 

Superintendent 138.45  8.7  0.47  0.09 

Cost,  miflc $     563.75        35.6        $1.91  $0.37 

Grandtota $1,688.51       100.0         $5.36  $1.03 

Table  VI. — Trench  Costs  on  Section  No.  2,  Variable  Depth,  Moundsville 

(W.  Va.)  Sewers 

Per  cent    Cost  per     Cost  per 
Item  Cost  total         lin.  ft.         cu.  yd. 

C«t  bucket  loading $     639.89         31.7         $1.04  $0.26 

Machine  moving $       62. 66  3.1  $0. 10  $0.03 

Machine  engineer 100.33  5.0  0.16  0.04 

Machine  signal 58.25  2.9  0.09  0.02 

Machine  coal 10.20  0.5  0.02           

Machine  rental 416.00  20.6  0.68  0.17 

„, Cost,  conveying $     647.34  32.1  $1.05  $0.26 

Sheeting $     117.06  5.8  $0.19  $0.05 

Tamping 145.12  7.2  0.24  0.06 

Teams 155.25  7.7  0.25  0.06 

Javem't  removal 52.42  2.6  0.08  0.02 

Javem't  replacement 85.00  4.2  0.14  0.03 

Soperintendent 175.19  8.7  0.28  0.07 

Cort,mi»c $     730.04         36.2         $1.18  $0.29 

Grand  total ..   $2,017.27       100.0        $3.27  $0.81 
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Coal. — Due  to  the  nearness  of  the  bituminous  mines,  three  within  the  off 
llmitd.  coal  could  be  bought  for  5  ct3.  a  bushel  at  the  mine  or  7  cts^  a  busfeiE 
delivered.     This  fact  makes  the  coal  item  very  low. 

i^heetinj. — Method  of  placeizient  decscribed  under  general  soil  conditiOBf 
atM>ve.  Thickness  of  sheeting  2  ItL^. :  stringers  4  ins.  X  6  ins.  The  cosi  u 
given  includes  placement,  removal  an«l  depreciation. 

Tarn  pirn;. — This  gang  consisted  of  sLx  men.  one  shoveller  and  five  tamper 
The  men  did  not  u.-se  the  heavy  iron  tampers,  but  were  provided  with 
of  4  ins.  X  6  ins..  abiHii  2  ft.  long,  with  an  old  shovel  handle  set  into 
Better  results  were  secured  with  th&«  wooden  tampers  than  with  the  iron 
ones. 

Ttfam*. — ThU  item  is  made  up  principally'  of  the  cost  of  removal  of  suiptei 
dirt,  and  cost  of  evening  up  inequalities  in  trench  depth.  On  Section  3  tte 
cost  of  thi<  iieiii  i-*  greater  than  on  Section  1.  because  the  trench  depths 
increasing  as  the  macliine  moved  ahead,  so  that  when  the  backfill 
matte  under  these  conditions,  a  surplus  resulted  which  necesaitated  the 
exiiense. 

P-irrmf'\i. — Brick  on  both  stations  laid  on  1-in.  sand  cushion  with  6  int.  of 
gravel  foundation.  Very  httle  of  the  base  was  .<aveil.  so  that  in  the  nplaee- 
ment  of  paving  new  gravel  wa.<t  necessary.  A  great  man.v  brick  were  brokn 
on  removal  or  afterwunls  lost. 

La^-.'".  — The  wages  on  these  ditches  varied  from  $l.S5  to  $2.00.  about  7i 
per  cent  of  the  ::ien  fretting  $1S.5  i>er  day.  and  the  remainder  $2.00. 

i'jst  .i':.u>*uv.  —Referring  to  the  tables  it  will  be  seen  that  Table  IV  to  a 
general  labLe  of  ^{uantities  with  unit  quantities  retluced.  Table  V  givca  tbe 
trench  costs  for  unifonii  depth,  and  Table  VI  presents  the  coat  on  a  ditrb  of 
variable  depth. 

For  a  trench  ranging  in  depth  from  14  to  30  ft.  in  Moundsviile,  the  "  Diomc 
Cost."  e^]u^  to  cost  of  bucket  Ioa<.iing  and  conveying,  was  found  to  be  52ctR- 
per  cu.  vil  .  as  .-ihown  by  the  sum  of  "  Bucket  Loading"  and  "ConTeuTBC" 
costs  in  Table  VI. 

For  the  trench  with  uniform  ilet>th  of  ;)1  ft.,  the  "  Digging  Cost  **  at  Moaadf- 
ville  e-.;'.:jl-i  06  ct.-*.  i»er  cu.  yil.     See  Table  V. 

Keferriiu?  c  <  Table  IV  we  see  that  the  yardage  per  man-day  for  the  variaUi 
ditch  wa.'i  rt  "ii.  A  hile  for  the  unifom  d:ich  it  was  4.6. 

The.-*  re^iili-i    a  itV.t^ut  any  further  >*tudy  vif  the  tables,  show  that  !■•( 
quote  a  unifor:::  vrk-e  for  all  depths  of  excavation,  as  is  dcMie  by  the 
pe^H^le  and  <o:::e  authors. 

.\  moment '<  thoujsht  will  show  that  the  iitfference   beCn-ven  the 
of  haul  in  a  li>-fi  d.ti'h  an>i  a  S't-ft  «litch  may  vary  by  as  much  as  15 

It  will  aI<o  t>e  notice* i  tl;at  the  three  luain  divisions  oi  the 
approxi::;aie!,v  e-iu>i'.  in  ea<'h  table,  boii;  in  the  case  of  the  ditch  cf  unlfani 
depth  as  shown  ip.  r.ible  V.  and  in  the  ditch  of  variable  d^th  as  dliowB  li 
Table  VI.  Thi-i  fov't  would  .<eet!i  to  offer  an  appro.ximate  method  off 
mating  trench  cos:-,  by  uMng  the  '  ('o.*t  of  Bucket  Loading"  ■»  • 
point.  It  wouM  >«w::i  thai  th.is  ratio  ought  to  hold  in  soil  conditiaos 
from  tho<e  enoour.:e-eil  ai  Mound-iville.  because  the  three  main  di> 
contain  ite:::<  ih.it  are  rr.ore  <ir  le.NS  ilei^ndent  upon  each  other,  so  ttet  • 
change  in  >me  w.v.ii.i  c.uz-^e  a  ci^rre^pondin^  variati(Ki  in  the  oUmol 
example,  suppo-e  that  a  wet  ditch  i-*  l>eing  excavated.  It  will  then  take  I 
to  load  the  bucket ■«  and  the  co<t  will  therefore,  be  greater: 
Costs  will  be  similarly  Increa^-^ed  because  the  Machine  RentaL 
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rge  item,  will  be  greater.  It  can  readily  be  seen  that  the  MLHcellaneous  Coeta 
ill  be  Increased  and  the  item  of  Pumping  will  be  added. 

In  the  two  Moimdsville  ditches  quoted,  the  cost  of  bucket  loading  varies 
ith  the  depth,  and  is  almost  numerically  equal  to  it.  The  expression 
)  +  4)  where  (D)  is  the  depth  of  trench  in  feet,  would  give  the  cost  per  cu. 
1.  of  Bucket  Loading  for  both  trenches. 

For  a  trench  in  "  ordinary  earth."  such  as  the  Moundsville  trenches,  with 
ther  a  uniform  or  average  depth,  b,  the  total  cost  per  cubic  yard  of  trench 
oiic  would  then  be  given  by  the  expression  3  (D  -f-  4). 

It  is  usually  the  case  that  excavation  in  hardpan  costs  approximately  double 
le  excavation  of  the  ordinary  earth.  With  a  hardpan  trench,  therefore,  the 
pression  for  total  cost  per  cubic  yard  would  become  6  (D  -f  4) . 

Of  course,  it  is  not  expected  that  this  expression  will  serve  as  other  than  an 
>proximate  check  on  estimated  costs  of  deep  trench  work;  neither  is  it  ex- 
acted that  it  will  meet  the  demands  of  a  quicksand  ditch ;  but  for  the  ordinary 
in  of  ditches  it  is  b^ieved  that  it  will  check  up  in  fairly  good  shape  providing 
le  Bucket  Loading  cost  is  selected  with  some  care  and  judgment. 

Cost  of  Deep  Trenching  by  Machine  at  Glencoe,  111. — The  following  is 
Jcen  from  an  article  in  Engineering  and  Contracting,  April  5,  1911,  by  Don 
.  Marsh. 

The  length  and  depth  of  the  various  sizes  of  pipe  for  the  sewerage  system 
i  Gloicoe,  111.  are  as  follows: 

15.500  lin.  ft.  of  8-in.  pipe  from  8  to  12.  ft.  cut. 
6,600  lin.  ft.  of  10-in.  pipe  from  7  to  13  ft.  cut. 
250  lin.  ft.  of  12-in.  pipe  about  13  ft.  cut. 
1,000  lin.  ft.  of  15-in.  pipe  about  16  ft.  cut. 

4,700  lin.  ft.  18-in.  pipe  from  a  very  shallow  cut*  up  to  a  cut  of  30  ft. 

Reference  to  the  above  tabulation  will  show  that  a  good  percentage  of  the 
rger  size  pipe  was  placed  in  very  deep  cuts.  The  soil,  especially  in  the  deep 
Its,  was  a  hard  clay.  The  top  fifteen  feet  was  a  brownish  clay  with  slight 
aces  of  sand.  Below  this  was  a  hard  blue  clay.  During  the  fall  and  winter 
lonths  this  soil  becomes  extremely  hard  and  difficult  to  handle,  too  hard  in 
kct  to  be  dug  by  hand  without  the  aid  of  a  pick.  In  some  respects  the  char- 
:rter  of  the  soil  was  an  advantage,  since  no  sheathing  was  required. 

It  was  determined  to  utilize  the  largest  size  Municipal  Excavator.  The 
ccavator  was  constructed  to  dig  a  trench  up  to  2.5  ft.  in  depth.  Where  the 
epth  of  excavation  exceeded  this  amount,  as  it  wa.s  for  a  considerable  distance 
i  deep  as  30  ft.,  the  street  was  graded  down  3  or  4  ft.  and  the  remaining  foot 
r  two  was  excavated  by  hand  in  the  bottom  of  the  trench  and  the  dirt 
brown  either  into  the  boom  or  back  upon  the  completed  pipe. 

The  trench  dug  by  this  machine  was  about  33  ins.  in  width,  giving  ample 
oom  for  the  proper  laying  of  the  18  ins.  sewer  pipe  and  for  securing  proper 
otaits  and  also  for  the  reception  of  junctions.  All  joints  were  calked  with 
)*kum  and  then  cemented,  to  exclude  seepage  as  far  as  possible,  making  a 
*i<te  trench  quite  necessary,  for  room  in  which  to  operate. 

The  sides  of  the  trench  were  smooth  and  vertical.  Vertical  plank  and  pack 
"crewB  were  used  for  bracing.  These  were  placed  about  3  ft.  apart  in  the 
^^  trenches  and  farther  apart  in  shallow  cuts. 

CoK. — ^A  record  of  a  few  average  days,  which  does  not  take  into  considera- 
ttoD  the  long  or  short  d^ays  caused  by  break-downs,  storm,  or  otherwise,  the 
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cost  of  labor  alone  for  excavating  at  a  depth  of  about  25  ft.,  laying  18-in.  pipe 

and  back  filling  appears  about  as  follows: 

Per  d»y 

1  foreman $    8.00 

Excavating  machine,  including  operator 40.00 

1  engineer 4.00 

1  fireman 3.00 

5  trenchmen  at  $3.00 16.00 

20  laborers,  backfilling,  at  $2.50 50.00 

2  teams  at  $6.00 12.00 

Coal 5.00 

Repairs  and  sundry  expenses 10.00 

Total $147.00 

One  hundred  and  forty-seven  dollars  for  80  ft.  or  approximately  $1.85  per 
iin.  ft.  While  working  in  the  deep  cuts  progress  of  00  to  100  ft.  per  day  wii 
made. 

It  will  be  noticed  that  a  large  amount  of  the  cost  is  for  backfilling.  Ttali 
item  can  be  reduced  where  it  is  possible  to  use  teams  with  slips.  If  theba^ 
filling  can  follow  close  behind  the  excavating  while  the  dirt  is  still  fresh,  cm 
team  with  driver  and  one  scraper  holder  will  backfill  about  as  much  m  tet 
laborers  with  shovels. 

Comparative  Cost  of  Hand  and  Machine  Trench  Bzcavatioii  and  Soot 
Miscellaneous  Sewer  Costs. — The  following  is  taken  from  Engineering  aod 
Contracting,  July  9,  1919. 

Machine  trenching  in  the  construction  of  the  Stanley  St.  sewer  at  San  Fian- 
cisco  cost  about  one-fifth  as  much  as  by  hand  trenching. 

During  construction,  where  the  contour  of  the  ground  permitted,  a  ditdilni 
machine  was  used,  which  not  only  produced  cheaply  a  uniform  truioh  In  which 
to  lay  the  heavy  cast-iron  pipe  but  speeded  the  completion  and  earlitf  oN 
of  the  entire  system. 

The  following  costs  to  the  contractor  of  some  of  the  items — office  overtwirf 
and  the  necessary  insurance  and  bond  not  included  are  taken  from  ttw  report 
of  M.  M.  O'Shaughnessy,  City  Engineer,  for  the  fiscal  year  ending  June  lOi 
1918: 

15-in.  iron  stone-pipe,  per  foot $     1.65 

21-in.  iron-stone  pipe,  per  foot 1.79 

2X3  reinforced  concrete  sewer,  per  foot 8. SI 

2  ft.  6  in.  X  3  ft.  9  in.  reinforced  concrete  sewer,  per  foot 8.51 

Brick  manholes,  each 40. 60 

Overflow  structure 465  65 

Trench  excavation  for  the  cast-iron  pipe  was  in  stiff  sandy  day.  Hie  coil 
of  that  portion  of  the  work  done  by  hand  was  $0.91  i)er  cu.  yd.;  the  oort  bf 
machine  was  $0.18  per  cu.  yd.,  including  a  fixed  charge  of  $32  per  day  tar  tto 
use  of  the  machine. 

The  18-in.  cast-iron  pipe  cost  $0,228  per  foot  to  lay,  yam,  pour  and 
the  joints. 

The  prevailing  rate  of  labor  during  construction  was  $8.00  per  dej.         '^■ 

Average  Daily  Progress  in  Excavating  87,800  Ft.  of  Sewer  Troickee 
Trenching  Machines. — Engineering  and  Contracting,  Feb.  10,  1016, 
the  following  data  given  by  J.  E.  Schwaab  in  a  paper  before  the  80th 
meeting  of  the  Illinois  Society  of  Engineers  and  SurveyorB.  •■•J 

In  the  construction  of  the  sewer  system  of  Alton,  111.  there  were  imA 
small  00  Austin  gasoline  ditching  machine  which  exoeveted  a  dlldi  M 
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le.  Tbe  foUowidg  out-put  data  were  furnished  by  O.  M.  Jdtauoa,  of  the 
lie  Construction  Co.,  sub-contract<»8,  and  owner  of  this  machine: 

Total  amount  of  work  done,  lin.  ft 10,800 

No.  of  workaxig  days 90 

Average  out  per  day,  lin.  ft. 220 

Maximum  cut  per  day,  lin.  ft 800 

Average  coet  per  day  for  operation $30 

!>epth  of  trench  ayeraged  11  ft.,  with  a  maximum  of  22  ft.  and  a  twininnim 
I  ft. 

rhere  was  also  used  a  Parson's  steam  ditching  machine  with  backfiller, 
ich  excavated  a  ditch  28  ins.  wide.  The  f  (blowing  figures  as  to  the  work 
16  by  this  machine  were  computed  by  the  writer  and  are  only  i^yproziniate: 

Total  amount  of  work  done,  lin.  ft 18,000 

Number  of  working  days 90 

Average  cut  per  day,  lin.  ft 200 

Average  coet  per  day  for  operation,  laying  pipe,  and  back- 

fiffing $45.00 

Average  depth  of  trench  excavated,  ft IIH 

The  material  excavated  was  clay  and  sandy  clay.  The  work  was  done 
ing  the  summer  of  1914. 

Progress  and  Distribution  of  Time  of  Force  on  Sewer  Trenching  by  Machine. 
G.  Kirchoffer  gives  the  following  information  in  Engineering  and  C(m- 
cting,  April  10,  1912. '  In  excavating  for  5.270  ft.  of  8-in.  Sewer  at  West 
em.  Wis.,  in  a  sandy  gravelly  clay,  the  contractor  used  a  Parson's  trenching 
chine. 

The  trench  averaged  about  8  ft.  deep.  The  total  number  of  days*  work  put 
on  the  job  was  325^,  ot  an  average  of  61.8  days  per  1,000  ft.  of  sewer. 
» trenching  machine  was  operated  20  days  out  of  the  total  26  put  in  upon 
work,  or  an  average  of  263H  ft.  per  day.  The  least  distance  made  in  a 
'  was  20  ft.  and  the  maximum  distance  was  550  ft.  of  completed  sewer, 
are  were  five  days  in  which  the  rate  exceeded  400  ft.  of  sewer  per  day. 
The  labor  put  in  upon  the  work  was  divided  as  follows  in  days  per  1,000 
of  sewer: 

Contractor 1 .092 

Inspector 4 .  935 

npe  layer 4 .  316 

F(veman 4 .  270 

Engineer 4.79 

Fireman 4.412 

Team 3.417 

Mason 3.75 

Water  boy 1 .993 

Common  labor 26. 04 

Tamper 4.13 

i'he  greatest  number  of  men  employed  in  any  one  day  was  16  and  the  small- 
number  was  two. 

Mt  of  Bxcavating  for  Large  Trunk  Sewer  with  Locomotive  Cranes  and 
omatic  Buckets. — ^Engineering  and  Contracting,  June  29,  1910,  gives  the 
Ofwing  data  r^ative  to  the  excavation  of  a  section  of  the  Louisville,  Ky. 
•tage  ^jTstem. 

lie  oontract  nnder  consideration  was  for  2,723  ft.  of  sewer  through  imim- 
ved  land.    The  sewer  ki  (rf  concrete,  12  ft.  x  9  ft.  for  1,126  ft.  in  length, 
I  of  tluee  ofliaterod  aicih  section.    For  the  balance  of  the  length  it  is  horse- 
le  diaped«  and  about  0  ft.  3  ins.  X  9  ft.  in  section. 
43 
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The  average  depth  of  excavation  was  22.4  ft.  and  the'averacre  number  of 
cubic  yards  of  excavation  per  lineal  foot  of  trench  was  12>^.  The  material 
excavated  consisted  of  6  ft.  of  blue  and  yellow  day  below  which  wms  6  to 
12  ft.  of  yellow  day  and  loam  and  the  balance,  fine  and  coarse  sand. 

In  opening  the  trench  horse  scrapers  were  used,  and  enoujgh  of  the  treodi 
was  excavated  in  this  way  and  used  for  filling  in  low  land  nearby,  to  take  iu> 
the  amount  which  would  necessarily  have  to  be  spoiled.  An  average  of  half 
a  dozen  teams  were  used  on  this  work  with  one  team  acting  as  a  snap  team. 
The  longest  haul  was  about  100  yards. 

The  main  excavating  plant  for  this  contract  consisted  of  three  ten-toD 
Browning  locomotive  cranes,  two  of  which  were  equipped  with  automatle 
buckets,  one  orange-peel  of  1  cu.  yd.  capacity  and  one  clamshell  of  H  cu.  yd. 
capacity.  The  cranes  ran  on  standard  gage  track,  of  60  and  65-lb.  rails,  liid 
along  the  trench  for  600  ft. 

Progress  and  Costs. — The  working  day  is  10  hours.  Crane  No.  1  operatM 
a  K-cu.  yd.  Owens  clamshell  bucket  and  averages  400  buckets  in  10  houn 
or  200  cu.  yds.  This  bucket  handles  a  full  half  yard  at  each  operation.  TIm 
labor  cost  on  this  machine  is  as  follows: 

1  engineer  at %  3. 50 

1  fireman 2 .  00 

1  tagman 1.76 

1  signalman 1 .  76 

Cost  of  labor  for  200  cu.  yds.  (clay) $9.00 

Cost  of  labor  per  cu.  yd.,  $0,045. 

The  second  crane  handles  sand  in  a  f^-cu.  yd.  dump  bucket  filled  by  band. 
It  handles  300  buckets  or  225  cu.  yds.  a  day.  %  The  labor  cost  on  this  la  ■• 
follows: 

1  engineer $  3. SO 

1  fireman 2.00 

1  foreman 2.  CD 

8  men  in  bottom  at  $1.75 14.00 

Cost  of  labor  for  225  yds $21.60 

This  gives  a  cost  of  labor  for  1  cu.  yd.  of  $0,095. 

The  third  or  backfill  crane  operates  a  1-cu.  yd.  orange-peel  budcet  and 
handles  500  cu.  yds.  of  material  in  10  hours.  The  cost  of  labor  tHif1ffl"*"f 
is  as  follows: 

1  engineer $8 .  60 

1  fireman 2.00 

1  signalman 1 .  76 

Labor  cost  backfilling.  500 'cu.  yds $7.25 

Labor  coHt  per  cu.  yd.  of  backfilling,  $0.0145. 


This  crane  when  not  backfilling,  puUs  timbers  and  sheeting.  Tbe 
amount  of  coal  used  by  one  crane  in  a  day  is  1,200  Ibe.  ■  Rim-of-raliie  ooal  li 
used  at  $4  per  ton.  About  160  gals,  of  water  are  used  per  cram  par  day. 
The  cranes  each  cost  $5,000  new  and  their  annual  interest  aad  depireetatlotf  li 

figured  by  the  contractor  at  30  per  cent.  " 
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ZoBt  of  Bicftvatiac  Trettch  im  Oranite.— The  following  dAta»  pubUriied  In 
gineering  and  Contracting,  April  20,  1910,  was  arranged  fnmi  a  paper  by 
A.  James  in  Applied  Science  for  Marcli,  1010. 

The  ezcavati(»i  was  for  an  18-in.  sewer  built  at  Muskaka,  Ont.  This  sewer 
i  a  total  length  of  some  1,300  ft.,  but  only  the  550  ft.  in  rock  treoeh  is 
srred  to  here.  The  rock  was  Laurentian  granite  and  the  trench  was  9  ft. 
V'  The  excavation  was  by  drilling  and  blasting,  the  rock  being  hoisted 
horse  derricks  and  skips  and  deposited  in  horse  drawn  cars  operating  on 
ck.  The  haul  was  some  1,500  ft.  for  about  two-thirds  of  the  spoil  and  less 
a  300  ft.  for  the  remainder.  The  total  amount  of  rock  excavation  was 
50  cu.  yds.,  and  the  itemized  cost  of  excavation  was  as  follows: 

Per 

.   ^      ,.  Total      cu.  yd. 

kenntending: 

talking  boss,  at  60c  per  hour $    222. 45    90. 12 

laerk  and  timekeeper^  at  37Hc  per  hour 158.60      0.085 

*oreman,  at  45g  per  hour 608. 15      0.828 


Total  for  superintending $    989 .20 

K>r — Mucking,  loading,  hauling  and  dumping: 

laborers,  at  20c  per  hour $2,877.00  81.555 

teamsters,  at  21c  per  hour 409.70  .270 

Teams,  at  40c  per  hour 1,010.60  .545 

5ars,  at  5c  per  hour 117.00  .063 

)arts,  at  5c  per  hour 65.60  .085 

>erricks  and  power,  at  15c  per  hour 175. 50  .095 

landy  men,  at  27Hc  per  hour 125. 15  .067 

Total  labor .^ $4,870.45  $2,680 

lUng  rock: 

•oot  drilling,  at  30o  per  ft. $1 ,245.00  $0,678 

harpening  drills,  at  27Mc  per  hour 250. 80  .  135 

fippers,  at  17Hc  per  hour 382.20  .206 

/OfJ,  at  $10  per  ton 29. 00  .157 

Total $1,907.00  $1,171 

plosives: 

^ectric  fuses $      95. 95     

3apB  and  fuses 23. 20     

batteries,  rent 38.00     

0%  dynamite,  at  $10  per  box 1 ,020. 00     


Total $1,117.16     $0,636 

Grand  total 4 .  97 

To  the  above  total  must  be  added  $030.  for  depreciation  of  plant  or  50  cts. 
cu.  yd.,  making  a  total  cost  per  cubic  yard  of  $5.47.  In  studying  this  cost 
aust  be  noted  that  the  trench  was  narrow,  and  small  shots  had  to  be  used, 
king  the  amount  of  drilling  large;  1  ft.  of  hole  was  drilled  per  4.5  cu.  yds. 
avated. 

3ost  of  Hand  Drilling  Bastard  Granite  in  Trench  Work. — Edward  B. 
berto  gives  the  following  data  in  Engineering  and  Contracting,  June  15, 
10. 

rhe  trench  was  2K  ft.  wide  and  5K  ft.  deep  and  the  rock,  a  bastard  granite, 
Btoand  in  the  bottom  at  an  average  depth  ot2H  ft.  The  drilling  was  done 
hand  using  l>^-in.  drills,  1  man  holding  and  2  men  striking  with  8-lb. 
oamecB.    A  total  of  06  ft.  <rf  hcHe  was  drilled  or  3.2  ft.  per  cu.  yd.  of  work. 
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The  time  required  was  3.1  hours  per  lin.  ft.  of  hole.    The  time  woric  of  €aa»- 
vating  35  cu.  yds.  was: 

Per 
Item  ou.  yd. 

347  hrs.  drilUng 9.92 

120  hra.  mucking 3.43 

Total 18.85 

The  materials  used  were  as  follows: 

Per 

Item  on.  yd. 

53  lbs.  60  %  dynamite,  lbs 1.6 

Explosives 2. 

A  batch  of  120  drills  were  sharpened  or  4  per  cu.  yd.,  or  1  per  0.75  ft.  of  hole 
drilled.  The  amount  of  explosive  used  per  foot  of  hole  was  H  lb.  Labor 
estimating  does  not  include  backfills. 

Progress  of  Sheeting  a  Sewer  Trench  with  Light  Steel  Sheet  Piling. — 
Engineering  and  Contracting,  Nov.  15,  1918,  gives  the  following. 

The  work  was  the  laying  of  a  terra  cotta  sewer  pipe  in  the  City  of  Water- 
town,  N.  Y.  The  course  of  the  sewer  was  in  a  sandy  soil  which  obtained  quite 
uniformly  throughout  its  length  to  a  depth  of  about  ten  feet,  underneath  wldcfa 
was  a  wet  sand  mixed  with  gravel.  The  average  depth  of  the  sewer  pipe  below 
the  surface  was  15  ft.  The  nature  of  the  soil  necessitated  the  use  of  sheeting 
to  prevent  caving  in  of  earth  and  thus  permit  of  a  narrow  excavation  with  the 
minimum  of  material  to  be  removed.  Accordingly,  400  sheets  of  H-in. 
Wemlinger  corrugated  steel  sheet  piling  in  10-ft.  lengths  were  obtained  and 
for  driving  them  a  steam-driven  pile  hammer,  weighing  approximately  650 
pounds,  was  used.  The  trench  was  first  excavated  for  its  width  to  a  depth  of 
about  5  ft.,  which  was  left  unsheeted.  The  sheet-piling  was  thai  carried  by 
hand  and  set  in  position  on  each  side  of  the  trench  and  driven  its  entire  length 
before  any  further  excavating  was  done. 

An  A-frame  built  of  timber  straddled  the  excavation,  and  from  it  wtf 
suspended  a  2-ton  triplex  dififerential  chain  block.  It  was  intended  to  uae  the 
chain  block  for  raising  and  lowering  the  pile  hammer  during  the  driving  aad. 
subsequently,  to  withdraw  the  sheet-piling.  Throughout  the  entire  openticNi 
the  work  of  placing  the  sheeting,  driving  it  with  the  pile  hammer  and  pulUng 
and  resetting,  was  done  by  3  men  for  each  separate  operation.  As  bef<m 
stated  the  sheeting  was  all  handled  by  manual  labor,  and  it  required  1  hr.  and 
30  min.  to  set  up  32  sheets  in  position  for  driving,  including  the  time  requixad 
to  c^rry  these  sheets  an  average  distance  of  about  175  ft.  The  time  required 
to  drive  each  sheet  5  ft.  into  sand  was  from  33  to  37  seconds.  The  drivliiff 
was  done  so  fast  that  the  triplex  block  could  not  be  worked  quickly  enough  to 
follow  the  pile  hammer,  and  so  it  was  steadied  by  hand.  No  difficulty  WM 
experienced  in  doing  the  work  in  this  way  and  the  chain  block  was  needed  only 
to  hoist  the  hammer  from  one  pile  to  another.  That  this  method  of  **THt**w**t 
the  hammer  proved  to  be  a  success  is  largely  due  to  the  fact  that  it  stood  only 
about  4  ft.  high  on  top  of  the  sheet-piling.  Including  the  time  required  for 
moving  both  the  hammer  and  A-frame,  an  average  of  7  ft.  of  trench  wtf 
sheeted  on  both  sides  per  hour. 

Average  Costs  of  Sewers,  Washington,  D.  C.  19<MI  to  191T. — ^TftUei  VII 
and  VIII,  are  given  in  Engineering  and  Contracting,  April  11,  1917,  from  ttt 
report  of  A.  E.  Phillips  for  the  year  ended  June  30,  1910. 
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G7S  HANDBOOK  OF  CONSTRUCTION  COST 

Cost  of  Sewer  Constructioii,  Webb  City,  Mo. — E.  W.  Robinson  gives  the 
following  data  in  Engineering  and  Contracting,  Aug.  14,  1912. 

The  nature  of  the  excavation  encountered  in  this  locality  is  too  rocky  to 
()erniit  the  use  of  a  trenching  machine.  This  necessitates  that  the  work  all 
'  be  done  by  hand  except  the  top  two  or  three  feet  which  can  be  loosened  with 
a  plow  or  rooter.  While  there  have  been  a  few  instances  of  finding  treacher- 
ous ground  in  the  nature  of  joint  clay,  generally  it  is  very  stable  and  lequireR 
very  little  or  no  timbering  for  depths  not  exceeding  10  ft.,  except  during  wet 
weather.  A  fair  sample  of  the  log  for  the  excavation  for  a  trench  10  ft.  de^ 
would  be,  0  to  1  ft.  black  dirt  with  few  small  boulders;  1  ft.  to  3  ft.  bouldeni 
varying  from  the  size  of  a  man's  fist  to  the  size  of  a  water  bucket  cemented 
together  with  a  sort  of  dried  clay;  3  ft.  to  5  ft.  large  flint  boulders  and  ledges 
with  seams  of  clay  between;  5  ft.  to  7  ft.  red  or  yellow  day  with  occasioiial 
boulders;  7  ft.  to  10  ft.  alternate  clay  and  boulders  and  ledges,  with  occasioni}! 
out-cropping  of  Ume  rock.  As  everything  except  lime  rock  in  masses  of  9  cu. 
ft.  or  over  is  classed  as  earth,  one  need  not  be  surprised  at  the  cost  of  exca- 
vating in  this  city  compared  with  that  of  other  localities. 

Construction  Costa  of  8"  Sewer. — The  following  data  give  the  actual  oost  of 
constructing  one  district  sewer,  and  is  a  fair  average  for  like  sewers  in  this 
city.  Total  length  of  sewer,  2,135  ft.;  1,430  cu.  yds.  of  excavation;  2  fluib- 
tanks,  3  manholes.    The  items  follow  for  the  sewer  proper: 

Unit  oost 
Item  ct8.  per  ft. 

Labor: 

Foreman,  310  hrs.  at  35  cts •raq 

Pipe  layer,  82  hrs.  at  25  cts \  fxj 

Helper,  106  hrs.  at  20  cts /  ^•*'* 

Team  hauling.  17  hrs.  at  35  cts 0  28 

Excavation,  153.5  hrs.  at  25  cts.,  3,909  hrs.  at  20  cts.  ($0.5736 

per  cu.  yd) 38.41 

Backfilling,  567.5  hrs.  at  20  cts.  ($0.0792  per  cu.  yd.) 5.31 

Cleaning  up,  teams,  177.9  hrs.  at  35  cts 2. 92 

Flushing  and  tamping,  men,  hose  rent,  drayage,  etc 1 .61 

Per  lineal  foot 55. 56 

Item 

Materials:  Cost 

1,845  ft.  straight  8-in.  clay  pipe  at  13.05  cts $240.77 

156  ft.  6-in  on  8-in.  Y  branches  at  71  cts 110. 76 

dement  for  joints,  30)^  sacks  at  40  cts 12 .  20 

Jute  for  joints,  88  lbs.  at  14  cts 12.82 

Picks  sharpened,  352  at  10  cts 35.20 

Caps  for  Ys,  156  at  3 cts 4.68 

Drills  sharpened,  3  at  20  cts .60 

Fuse,  caps  and  dynamite 1 .  20 

Total  materials  on  sewer  pipe $417. 73  19.67 

Total  labor  and  materials  on  sewer  proper 75.8 

Cost  of  Manholes. — The  walls  of  the  manholes  are  8  ins.  thick  and  ue  nurito 
of  brick.  The  bottom  is  concrete.  The  manholes  are  circular  in  sectton  wtth 
an  inside  diameter  of  4  ft.  The  walls  are  carried  up  Yerticaily  and  ue  dmrB 
in  in  the  upper  2  ft.  6  ins,  to  a  clear  opening  of  28  ins.  in  diameter  to  admit  tht 
cast  iron  frame  and  cover.    The  hiside  of  manhole  is  finished  with  thiee  ooatf 
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of  Portland  cement  grout,  and  the  outside  of  the  wall  is  plastered  with  a  H-in. 
coat  of  mortar,  mixed  1  part  Portland  cement  to  2  parts  sand.  Wrought 
iron  manhole  steps  are  spaced  15  ins.  apart  vertically.  The  itemized  average 
cost  of  labor  and  material  are  here  given.  The  average  is  based  on  three 
manholes  of  an  average  depth  of  SH  ft.    The  cost  data  follow: 

Item 

Labor:  Cost 

Excavation,  24  hrs.  at  20  cts S  4 .  80 

Mixing  concrete  for  base,  2  hrs.  at  20  ots 0.40 

Bricldayer,  7  hrs.  at  40  cts 2. 80 

Helper.  7  hrs.  at  20  cts.. 1.40 

Team  haulins,  2  hrs.  at  35  cts 0. 70 

Painting  inside  with  cement  wash,  2  hrs.  at  25  cts 0. 50 

Total  labor  on  manholes,  average $10. 60 

Per  vertical  foot. . ., $  1 .  25 

Item 

Material:  Cost 

Brick,  1,066  at  $8  per  1,000 $  8. 63 

Cement  in  concrete,  3  sacks  at  40  ots 1 .  20 

Cement  in  mortar,  8  sacks  at  40  cts 3 .  20 

Sand  in  mortar,  16  cu.  ft.  at  8  cts 1 .  28 

Gravel  in  concrete,  0.4  cu.  yds.  at  50  cts 0. 20 

Water,  2  bbls.  at  10  cts 0. 20 

Cast  iron  cap  and  cover 9 .  50 

Wrought  iron  steps,  3  at  40  cts 1 .  20 

Total  material  on  manholes,  average $25. 31 

Per  vertical  foot $  2 .  98 

Total  labor  and  materials  on  manholes  average  of  three $35.91 

Per  vertical  foot $  4 .  22 


Cost  of  Flush-tanks. — Flush-tank  walls  are  8  ins.  thick  and  are  constructed 
of  brick.  The  bottom  is  concrete  and  the  siphon  also  is  set  in  concrete.  The 
top  of  the  walls  are  drawn  in  as  in  the  manholes  previously  described.  The 
Inside  surface  of  the  wall  is  finished  with  three  coats  of  neat  Portland  cement 
mortar,  and  the  outside  surface  with  a  H-in-  coat  of  1 :2  mortar.  The  inside 
diameter  of  the  flush-tank  is  4H  ft.  A  6-In.  clay  pipe  overflow  is  provided. 
The  overflow  discharges  into  the  vertical  stack  of  the  6-in.  clay  pipe  lamp 
hole  placed  adjacent  to  the  flush-tank.  The  lamp  hole  stack  at  the  base 
joins  the  outlet  pipe  forming  the  siphon  discharge.  The  flush-tank  has 
wrought  iron  steps  of  the  type  and  spacing  described  for  manholes.  The 
following  cost  data  on  flush  tanks  give  the  average  cost  of  two  tanks  of  an 
average  depth  of  8  ft.: 

Item 
Labor:  Cost 

Excavation.  19  hrs.  at  20  cts $  3 .  80 

Team  hauliiog,  4  hrs.  at  35  ets 1 .  40 

Mixing  concrete  for  base,  2  hrs.  at  20  cts .40 

Bricklayer,  9.5  hrs.  at  40  cts 3 .  80 

Hdper,  10  hrs.  at  20  cts 2. 00 

Dicing  ditch  for  water  connection,  64  hrs.  at  2U  ctn 12.80 

Tapping  water  main ?  3 .  00 

Total  labor  on  flush  tanks,  average $27 .  20 
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Item 
Material:  Cost 

Brick,  1,232  at  $8  per  1.000 f  9.86 

Cement  for  concrete,  3jr^  sacks  at  40  cts 1 .40 

Gravel  for  concrete,  0.6  cu.  yds.  at  50  cts .30 

Cement  for  mortar,  12  sacks  at  40  cts 4.80 

Sand  for  mortar,  24  cu.  ft.  at  8  cts 1 .  92 

Water,  2  bbls.  at  10  cts 20 

Cast  iron  cap  and  cover 9 .  50 

Wrought  iron  steps,  4  at  40  cts l.W 

Siphon,  6-in.  Miller  standard 23.50 

Corporation  cock  and  lead  connection 5.08 

Regulator,  IXL 4.00 

6-in.  clay  pipe  and  specials  for  lamp  hole 2.08 

Cast  iron  lamp  hole  cover 4 .  25 

306  ft.  ^-in.  galvanized  water  pipe  at  6.37  cts.  .  .  : 19.49 

Curb  box  and  cock 2.50 

Total  materials  on  flush  tanks,  average $90.48 

Total  cost  of  sewer,  including  manholes  and  flush  tanks S  1,947.02 

Per  lineal  foot ! 91 .  19  cti. 

It  will  be  noticed  that  the  above  cost  of  the  flush-tanks  is  rather  high.  TUB 
was  partially  due  to  the  fact  that  it  was  necessary  to  go  so  far  to  make  ccm- 
nection  with  the  water  main  for  both  tanks. 

On  the  construction  of  four  small  (10-in.  pipe)  public  sewers,  aggregating 
8,551  ft.  in  length  and  4,540  cu.  yds.  of  excavation,  two  years  previous  to  the 
construction  of  the  sewer  of  which  data  are  given  above,  the  total  cost  complete 
of  sewer  proper  was  59.8  cts.  per  lineal  foot.  For  the  construction  of  28 
manholes  averaging  8.5  ft.  in  depth  the  average  cost  was  $4.01  per  vertical 
foot.  However  at  that  time  conunon  labor  w&s  getting  $1.50  and  $1.75  per 
day  of  ten  hours  instead  of  $2.00  as  in  the  later  case.  An  average  of  three 
sewers  constructed  about  the  same  time  and  under  the  same  labor  conditions 
as  given  in  the  foregoing  data  gave  the  following  unit  costs:  Total  labor  and 
materials  on  sewer  proper,  76.92  cts.  per  lin.  ft.;  total  labor  and  materials 
on  manholes,  avg.  depth  9  ft.,  $4.14  per  vertical  foot;  labor  and  materials  oa 
flush-tanks,  avg.  depth  7.5  ft.,  each,  $100.58;  grand  total,  sewer  complete. 
including  manholes  and  flush-tanks,  was  95.45  cts.  per  lineal  foot. 

Cost  of  Sewer  at  Davenport,  la. — W.  S.  Anderson,  in  Engineering  and  Con- 
tracting, Sept.  3,  1913,  gives  the  following: 

The  sewer  construction  here  described  was  executed  by  contract  under  the 
Davenport  sx)ecifications.    All  work  was  done  by  hand. 

The  method  used  on  most  of  the  work  here  described  was  the  "step  up" 
system  of  excavation.  Particular  attention  was  paid,  on  this  work,  to  keep- 
ing the  pipe  close  up  to  the  point  of  excavation,  and  in  keeping  a  man  on  the 
same  step,  hence  the  method  is  referred  to  as  the  step  up  method.  By  (be 
use  of  this  method  the  probability  of  caving  was  lessened  considerably;  the 
foreman  was  better  able  to  judge  the  output  of  each  man;  each  man  ap- 
parently did  a  like  share  of  work ;  the  pipe  was  always  up  to  the  point  of 
excavation,  which  was  a  helpful  factor  after  a  cave  in;  the  pipelayer  had 
more  confidence  in  his  safety  and  was  therefore  able  to  do  more  woric. 
Each  man  removed  only  a  definite  portion,  one  spade  in  depth.  The  enics- 
vated  material  was  thrown  back  far  enough  to  allow  walking  space  between 
the  trench  and  the  material  bank. 

The  first  three  feet  were  excavated  considerably  in  advance  of  the  stepi, 
which  allowed  a  greater  number  of  men  to  be  used.  One  man  lowered 
the  pipes,  provided  the  jute  and  the  1:1  mortar  for  the  Joints.     The  pipe 
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layer  in  addition  to  laying  and  jointing  tbe  pipei  carried  a  cut  aTOraging 
from  15  to  22  ins.  in  depth,  the  material  from  which  was  thrown  directly  onto 
the  laid  pipe,  where  it  was  firmly  tamped  to  prevent  any  latwal  displacement 
of  the  pipe.  A  sand  bag  was  used  to  remove  all  projecting  material  at  Jcdnts 
and  other  loose  material. 

Na  staging  or  platforms  were  used  for  a  depth  less  than  9  it.  When 
used  they  consisted  d  planks  8  ft.  long  supported  at  the  right  elevation  by 
troich  braces.  The  pipe  was  laid  tm  an  up-grade  as  usual  so  as  to  make  use 
of  the  laid  pipes  for  drainage.  The  trendies  were  water  tamped  in  nearly 
every  instance. 

Contract  1,1911,  Section  1. — ^Work  was  started  at  Section  1.  This  section 
lies  entirely  in  pasture  land.  The  length  of  the  15-in.  pipe  line  laid  was  330 
ft.  The  average  depth  of  trench  was  6.5  ft.  The  maximum  depth  was  8  ft. 
9  ins.  The  minimum  depth  was  4  ft.  The  average  width  of  trench  was  30 
ins.  The  total  yards  excavated  and  back  filled  were  100.  The  pipe  layer 
excavated  a  trench  15  ins.  X  23  ins.  and  averaged  18  ft.  of  laid  pipe  per  hour. 
No  cave-ins  resulted.  A  Doan  scraper  was  used  for  back  filling.  The  soil 
was  all  yellow  clay  except  the  upper  foot  which  was  black  loam  and  sod. 

The  weather  was  warm  and  dry.  Wages  per  hour  on  job  A  were  40  cts.  for 
foreman,  20  cts.  for  laborers,  25  cts.  for  pipe  layers  and  timbermen,  and  60 
eta.  for  teams.  The  following  items  do  not  ii^lude  foremanship,  water  boy, 
OF  incidental  expenses  which  amounted  to  3  cts.  per  ft.  of  pipe  on  all  sections 
of  this  contract. 

With  these  exceptions  the  costs  for  Section  1  follow: 

Cost  per     Cost  per 
Item  lin.  ft.,  cts.  ou.  yd.,  ots 

29  cu.  yds.  excavation  by  pipe  layer 0.8  7.6 

Laying  pipe 2.4 

161  cu.  yds.  excavation 10 . 5  21.4 

161  cu.  yds.  backfill 6.1  10. 6 

Totals 18.8  49.5 

Section  2. — On  Section  2  a  327  ft.  stretch  of  12-in.  pipe  was  laid.     This 

section  also  lies  entirely  in  pasture  land.    This  section  also  lies  entirely  in 

pasture   land.    The   average   cut   on   this  section  was  9.3  ft.;   maximum 

15  ft.;  minimum  5>^  ft.     The  weather  was  very  wet.    The  average  width 

of  trench   was  26   ins.  for   180  ft.  and  30  ins.  for  147  ft.    (This  extra 

^ridth  was  necessary  only   where  the  depth  exceeded   12  ft.)     The  pipe 

layer  excavated  a  trench  15  ins.    X    18  in.  for  180  ft.  and  a  trench  23  ins. 

X  18  ins.  for  147  ft.,  averaging  15  feet,  of  laid  pipe  per  hour  through  the 

diaUow  cut  and  10  ft.  through  the  deep  cut.    There  were  no  cave-ins  to  speak 

tf.   For  the  deep  cut  one  platform  was  required.    The  cu.  yds.  of  material 

ticavated  and  back  filled  were  219. 

The  costs  on  this  section  follow: 

Cost  per  Cost  per 

Item  ft.,  cts.  cu.  yd.,  cts. 

28  eiL  yds.  excavation  by  pipe  layer 1.2  14 . 0 

191  cu.  yds.  excavation 21 . 1  36. 1 

*aying  pipe 3.1  .... 

»1  «L  yds.  backfill 6.7  11.5 

Totals 32.1  61.6 

ietHon  3. — Section  3  consisted  of  390  ft.  of' 12  in.  pipe.    The  cut  on  this 
AettoQ  varied  from  10  feet  to  24  ft.    Tunnelling  was  resorted  to  through  the 
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removed  a  6  in.  X  12  in.  bench.     The  trench  was  back  filled  by  hand.    No 

sheeting  was  required.     The  cOvSts  follow: 

Coat  per  ft.,      Cost  per  cu.  yd.. 
Item  cts.  cts. 

Excavation  by  pipe  layer,  20  cu.  yds 0.3  16. 5 

rda 


H^xcavation,  407  cu.  yds 22 . 2  30. 0 

Laying  8-in.  pipe 1.4                      

Backml 6.0  8.1 

Totals 29.9  54.6 


The  material  which  had  to  be  picked  cost  approximately  35  cts.  per  cu  yd. 

Section  8. — Section  8  is  559  ft.  stretch  of  6  in.  pipe.    The  average  cut  wM 

10  ft.,  minimum  9  ft.,  maximum  10^  ft.    The  average  width  of  trench  wM 

22  ins.    The  pipe  layer  averaged  36  ft.  of  laid  pipe  per  hour,  and  removed  ft 

12  in.  X  12  in.  bench.    The  trench  was  back  filled  by  hand.    The  costs 

follow: 

Cost  per  ft.,      Coet  per  ou.  yd., 

Item  cts.  cts. 

Excavation  by  pipe  layer,  20  cu.  yds 0.4  11.5 

Excavation,  340  cu.  yds 14 . 3  23. 6 

Laying  6-in.  pipe 1.0  

Backfill 6.4  10.6 

Totals 22.1  65.6 

A  6  in.  house  connection  56  ft.  long  was  laid  at  the  following  costs: 

Item  Cost  per  ft.,  ett. 

Excavation 12.9 

Laying  pipe 2.0 

Backfill. 6.4 

Total 21 .3 

The  average  cut  was  8  ft.  The  average  width  of  trench  was  24  Ins..  tM 
material  was  yellow  day. 

The  general  expense  for  all  work  on  this  contract,  which  includes  fotcana- 
ship,  water  boy  and  incidentals,  was  3  cts.  per  ft.  of  pipe.  This  008(  is  not 
included  in  the  foregoing  unit  costs. 

Contract  2,  1912. — Labor  was  very  scarce  and  wages  were  high  <m  this  Jolk 
Laborers  were  paid  25  cts.  per  hour,  while  the  pipe  layer  was  paid  27M  C^ 
per  hour.    The  foreman  received  45  cts.  per  hour. 

Section  A. — On  Section  A  a  272  ft.  length  of  10  In.  line  was  laid.  11» 
average  cut  was  9>^  ft.,  minimum  7  ft.,  maximum  10  ft.  The  aT0n|i 
width  of  trench  was  24  ins.  For  a  stretch  of  50  ft.  the  bottom  material  wtf 
all  "  muck  "  and  necessitated  the  use  of  buckets  for  its  removal.  CoiuidMnUl . 
rain  fell  before  the  completion  of  this  section,  resulting  in  two  caTsiM. 
The  pipe  layer  excavated  a  trench  12  ins.  deep  and  15  ins.  wide.  The  matertii 
encountered  was  black  loam  and  a  mixture  of  day  and  sand.  The  unit  eitfto 
follow: 

Cost  per  ft.,      Cost  per  eo.  ydn 

Item  cts.  ota. 

Excavation  by  pipe  layer,  13  cu.  yds 1.6  88.0 

Excavation,  170  cu.  yds 23.9  88. S 

Laying  10-in.  pipe 2.8  

Backfill 6.7  10.7 

"Water  boy 0.8  

Foreman 4.1  

Totals 39.9  81.9 
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The  labor  of  sheeting  cost  $5.20  per  1,000  ft.  B.  M. 

In  comparing  the  cost  of  tunnelling  with  the  cost  of  open  cut,  one  must 
remember  that  excavating  shafts  is  more  difficult  and  therefore  more  costly 
than  straight  open  work,  since  the  ends  of  a  shaft  must  be  cut  square;  and  the 
"step-up"  method  of  excavation  cannot  be  used  to  advantage.  Still  the 
costs  show  that  tunnelling  for  this  particular  sewer  cost  less  per  foot  than  ttie 
open  cut.  This  is  evidently  true  for  any  sewer  excavation  below  a  certain 
depth. 

Section  4. — Section  4  consisted  of  a  403-ft.  stretch  of  10  in.  pipe.  The  aver-, 
age  cut  was  8.5.ft.,  minimum  6  ft.,  maximiun  9.5  ft.  The  average  width  of 
trench  was  24  ins.  The  bottom  was  very  wet,  but  no  sheeting  was  required. 
The  pipe  layer  excavated  a  bench  15  ins.  x  18  ins.  The  trench  was  back  filled 
by  hand.     The  unit  costs  follow: 

Cost  per  Cost  per 

Item  ft.,  ct8.         cu.  yd.,  ota. 

Excavation  by  pipe  layer,  28  cu.  yds 0.0  12. 4 

Excavation,  216  cu.  yds 13. 6  25.4 

Laying  10-in.  pipe 2.2  .... 

Backffll 4.5  8.4 

Totals 21.2  46.2 

Section  5. — On  Section  6  a  550  ft.  length  of  8  in.  pipe  was  laid.  The  average 
depth  was  11.5  ft.,  minimum  9  ft.,  maximum  16  ft.  Width  of  trench  24  ins. 
The  trench  bottom  was  wet  for  200  ft.  Two  caveins  resulted,  due  to  insuffi- 
cient bracing.  Skeleton  sheeting  was  provided  every  5  ft.  The  pipe  layer 
excavated  a  bench  12  ins.  deep  by  15  ins.  wide  and  averaged  20  ft.  of  laid  pipe 
per  hour.    The  trench  was  back  filled  by  hand.    The  costs  follow: 

Cost  per  ft..       Cost  per  cu.  yd. 
Item  cts.  cts. 

Excavation  by  pipe  layer,  26  cu.  yds 0.7  16.5 

Excavation.  428  cu.  yds 23. 4  30. 1 

Laying  8-in.  pipe 2.0                     

Sheeting 2.3                     

BackfiU. 7  9  10.2 

Totals 36.3  56.8 

2,560  ft.  B.  M.  of  sheeting  cost  $4.97  per  1,000  ft.  for  labor  in  placing  and 
pulling. 

Section  6. — Section  6  consisted  of  a  563  ft.  length  of  6  in.  pipe.  The  average 
cut  was  11  ft.,  minimum  9  ft.,  maximum  12  ft.  The  average  width  of  trench 
was  22  ins.  The  pipe  layer  averaged  30  ft.  of  laid  pipe  per  hour,  and  ex  cavated 
a  12  in.  X  12  in.  bench.  The  trench  was  back  filled  by  hand.    The  costs  follow: 

Cost  per  ft.,      Cost  per  cu.  yd., 
Item  cts.  cts. 

Excavation  by  pipe  layer,  22  yds 0.4  10.5 

Excavation,  380  cu.  yds 15.2  22. 2 

Lasring  6-in.  pipe 1.1                     

Backffll 6.5  9.7 

Totals 23.2  42.4 

Section  7. — On  Section  7  a  550  ft.  length  of  8  in.  pipe  was  laid.  The  average 
cot  was  lOH  ft.,  minimum  9  ft.,  maximum  1 1  ft.  The  average  width  of  trench 
«••  24  ins.  The  material  was  a  hard  and  dry  clay,  which  had  to  be  picked 
lor  tbe  ilrat  4  ft.    The  pipe  layer  averaged  28  ft.  of  laid  pipe  per  hour  and 
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8§€tum  B, — On  Section  B  a  420  ft.  streteh  of  8  in.  pipe  was  laM.  The 
avenge  width  of  trench  was  22  ins.  The  average  cut  was  OH  ft.,  mtnimiiin 
0  ft.,  maximum  10  ft.  The  material  was  so  hard  that  picks  had  to  be  used. 
The  pipe  layer  excavated  a  12  in.  X  12  in.  trench  at  the  bottom.  Most  of 
the  material  was  solid  day.  making  spading  difficult.  About  250  ft.  had  to 
be  picked  to  a  depth  of  4  ft.    The  costs  follow:  • 


Cost  per  ft.         Cost  per  eu.  yd., 
cts.  cts. 


1.4 

36.2 

25.0 

48.7 

3.2 

7.3 

12.8 

4.0 

Item. 

Excavation  by  pipe  layer,  15  cu.  yds 

Excavation,  240  cu.  yds 

Laying  8-in.  pipe 

BackfiU 

Foreman 

Totals 40.9  02.7 

Section  C. — Section  C  consisted  of  a  292  ft.  length  of  6  in.  pipe.  The 
average  cut  was  9H  ft.,  minimum  9  ft.,  maximum  10  ft.  The  average  width 
of  trench  was  20  ins.  The  weather  was  very  wet.  The  pipe  layer  removed  a 
10  in.  X  12  in.  bench.  The  material  was  sand  and  clay  and  was  good  spading. 
The  costs  follow: 

Cost  per  ft.    Cost  pw  eu.  yd.. 
Item.  cts.  ots. 

Excavation  by  pipe  laver.  20  cu.  yds 

Excavation,  150  cu.  yds 

Laying  0-in.  pipe 

Backfill 

Foreman 

Totals 27.4  52.4 

Coniraet  5,  ISlt. — ^The  rate  of  wages  on  Contract  2  was  the  same  as  on 
Contract  1. 

Station  A. — On, Section  A  a  374  ft.  length  of'12  in.  pipe  was  laid.  The 
average  cut  was  9.7  ft.,  minimum  8H  ft.,  maximum  14  ft.  The  average 
width  of  trench  was  26  ins.  The  material  encountered  was  a  mixture  of  sand 
and  clay  and  was  good  spading.  No  bracing  was  required.  The  weather  was 
Ideal.  In  back  filing  the  back-fill  was  tamped  in  layers  of  10  ins.,  one  tamper 
to  every  two  shovelers.  The  pipe  layer  excavated  a  trench  8  'ins.  deep  by 
18  ins.  wide.     The  costs  follow: 

Coet  per  ft.       Cost  per  cu.  yd., 
Item  cts.  cts. 

Excavation  by  pipe  layer.  14  cu.  yds 0.5  13. 3 

Excavation.  270  cu.  yds 25. 4  35. 2 

Pipe  laying.  12-in. 2.3                    

Backfill 10.8  14.9 

Foreman 2.4                     


0.8 

11.7 

15.4 

30.0 

1.7 

5.5 

10.7 

4.0 

Totals 41.4  63.4 

Section  B.— Section  R  is  265  ft.  long.    A  10  in.  pipe  line  was  laid.     The 

average  width  of  trench  was  26  ins.  *  The  average  depth  was  9K  t\.,  rnSiArcvwwv 

8  ft.,  maximum  ll>if  ft.    No  bracing  was  required.     A  coi\ald«c«b\^  ivwtvXmx 

oT  gnuUl  boulden  made  excavation  difficult.     The  matei\<v\  XittiVCWwV  ^^a 

made  land  and  clay.     The  weather  was  ideal.     The  trencYi  bac\L  «VVko*  ^^ 
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tamped  by  hand  as  in  Section  A.    The  pipe  layer  excavated  a  trench  12  ins. 
deep  by  15  ins.  wide.    The  costs  follow: 


Coat  per  ft.,       Cost  per  cu.  yd., 
cts.  et8. 


Item 

Excavation  by  pipe  layer,  12  cu.  yds 0.0  20.0 

Excavation,  180  cu.  yds 30. 1  44.3 

Laying  pipe,  10-in 3.0                     

Backfill 11.1  16.3 

Foreman 4:0                      


Totals 49.1  80.6 

Section  C. — Section  C  Ls  a  10  in.  line  330  ft.  long.  The  average  width  of 
trench  was  24  ins.  The  average  depth  was  9}4  ft.,  minimum  8  ft.  6  Ins., 
maximum  11  ft.  3  ins.  The  weather  was  ideal.  The  material  was  mostly 
clay  with  some  loam.  The  back  filling  was  not  tamped!  The  pii>e  layer 
excavated  a  6  in.  X  15  in.  trench.     The  costs  follow: 


Item 

Excavation  by  pipe  layer. 
Excavation,  175  cu.  yds. . 

Pipe  laying,  10-in 

Backfill 

Foreman 

Totals 


Cost  per  ft..      Cost  per  ou.  yd.i 
cts.  cts. 


0 
22 
2 
3 
3 

3 
,4 

6 
,9 

2 

16. 
42. 

5 

2 

7. 

«   •    •    ■ 

s 

32 

.4 

66 

0 

rONCLUBIOX 

The  labor  costs  of  building  manholes  on  Contract  1  show  an  average  oo0t 
of  85  cts.  per  ft.  depth,  while  on  Contracts  2  and  3  with  higher  rate  at  wagM 
prevailing,  the  cost  averages  $1.25  per  ft.  of  depth. 

The  labor  costs  of  excavating  trenches  of  various  depttu  and  widthf«»  suppto* 
mented  by  observation,  show  that  the  cost  per  cubic  yard  of  ex<»vatiiig  t 
trench  22  ins.  wide  is  no  greater  than  is  the  cost  for  excavating  a  trendi  S4 
ins.  or  20  ins.  wide.  From  thin  it  appears  that  a  saving  can  be  ^ected  by 
giving  particular  attention  to  the  width  of  the  trench  to  be  excavated.  Small 
contractors  are,  as  a  rule,  prone  to  choose  a  constant  width  for  pipe  up  to  12  ini. 
in  diameter;  whereas,  a  saving  would  result,  in  shallow  excavations,  by  foltoW' 
ing  a  rule  such  as:  add  14  ins.  to  the  pipe  diameter  to  secure  the  trench  width. 
In  a  shallow  trench  up  to  at)out  8  ft.  a  man  can  work  efficiently  if  the  width  la 
only  20  ins. 

The  cost  of  back  filling  averages  8>2  cts.  i>er  cu.  yd.  on  contract  1  and  10 
cts.  per  cu.  yd.  on  contracts  2  and  3. 

For  the  purpose  of  estimating  the  cost  of  excavation  from  trenches  up  to  10 
ft.  in  depth  with  labor  at  20  cts.  per  hour,  material  which  requires  no  pfadca. 
and  an  absence  of  water  may  be  taken  at  25  cts.  percu.  yd.  When  water  la 
encountered  the  cost  may  be  several  times  that  figure.  For  the  pipB  layer  IS 
cts.  per  cu.  yd.  can  be  U8e<l. 

The  cost  per  lineal  foot  for  the  actual  laying  of  the  pipe,  which  indiidea  the 
lowering,  the  bedding  of  and  the  joining  of  the  pipe  may  be  arrived  at  appiraad- 
inately  by  multiplying  the  diameter  of  the  pipe  in  inches  by  0.0036  when  tba 
pipe  layer  receives  25  cts.  ner  hour  and  his  heli)er  20  cts.  per  hour. 


i 
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A  savinir  is  iBOeetod  bgr  having  the  pipe  lajw  canj  *  oullii  addltkm  to 
laying  tbe  pipe.  The  figures  show  a  reduction  of  50  per  oent  in  ooet  per 
cu.  yd.  for  this  exoavati<m  v^ien  compared  to  the  cost  per  cu.  yd.  of  the  treooh 

men. 

On  any  sewer  construction  the  most  important  individuals  are  the  men  who 
Lay  the  pipe  and  the  men  on  the  two  benches  preceding.  Those  men  set  the 
pace  or  speed  of  excavation  for  the  entire  gang  and  should,  theraf(»e,  be  paid 
accordingly. 

The  author  of  this  article  was  foreman  on  the  jobs  described,  and,  also, 
recorded  all  the  costs  given. 

Cost  of  Pipe  Sewers  and  Appurtenances  in  Water  Bearing  Sand«— 'The 
Tollowing  data,  published  in  Engineering  and  Contracting,  May  10, 1911,  an 
g^iven  by  A.  P.  Melton,  who  was  city  Engineer  in  charge  of  the  work. 

During  the  years  1909-10  three  district  seweis  were  laid  in  Gary,  whidi  will 
be  here  referred  to  as  Local  Sewers  Nos.  8,  9  and  10.  These  sewers  were  laid, 
Tor  the  most  part,  in  water  bearing  sand.  In  some  cases  water  stood  in  the 
ptmnd  within  a  foot  of  the  surface.  In  all  cases  where  water  was  encountered 
it  was  drawn  down  by  pimiping.  In  some  cases  small  hand  pumps  were  suffl- 
ci«it,  but  in  the  majority  of  cases  steam  power  pumps  were  used . 

Suction-  lines  were  laid  horizontally  along  the  braces  and 'two-way  valvii 
were  placed  in  this  main  every  four  feet;  li^-in.  well  points  were  driven  into 
the  sand  with  their  tops  near  tbe  water  line  aiid  their  bottoms  from  1  ft.  to 
5  ins.  b^ow  the  grade  of  the  sewer.  The  points  were  connected  to  the  sucticm 
oiain  at  the  valves  by  means  of  a  short  piece  of  flexible  hose. 

The  excavating  was  done  by  teams  and  slip  scrapers  imtil  the  level  of  the 
ground  water  was  reached.  Below  that  point,  after  the  water  had  been 
;)umped  out,  the  excavating  was  done  by  hand.  The  backfilling  was  done  by 
ieams  and  slip  scrapors.  The  trenches  were  about  4H  ft.  wide  and  were* 
(heeted  in  all  cases  exc^t  on  about  two-thirds  of  the  12-in.  lines  in  Sewer 
S^o.  10,  where  the  cut  was  small.  The  cost  of  backfilling  is  included  in  all 
;ases.  The  labor  of  sheeting  is  included  unless  otherwise  stated.  The  sheet- 
ng  was  s^  pulled  as  the  backfilling  progressed. 

European  laborers  were  employed  on  the  common  labor  and  all  work  was 
lone  under  labor  union  conditions. 

The  standard  brick  manholes  and  concrete  gutter  inlets,  are  shown  by 
PTgs.  1  and  2,  respectively. 


Local  Sbweb  No.  8 
747  ft.  of  18-in.  Sewer. 


Teams  and  drivers,  49  days  at  $5.50 

''oreman,  19  days  at  $3.00 

^borers,  208  days  at  $2.00 

Tenders,  30  days  at  $2.00 

^pe  layers,  12  days  at  $2.75 

Viixers,  14  days  at  $2.00 

Jta.  cngT.,  21  days  at  $3.00 

firemen,  21  days  at  $2.25 

Pipeline  men,  26  days  at  $2.00 

Water  boy,  6  days  at  $1.00 *. 

r47  ft.  of  18-in.  pipe  at  Z7H  eta 

HanHng  pipe  at  6  cts.  per  ft 

Total $1,356.69  181.60 


Cost  per  lin. 

Total 

cts. 

$     260.50 

36.08 

57.00 

7.63 

416.00 

55.70 

60.00 

8.03 

33.00 

4.42 

28.00 

8.76 

63.00 

8.43 

47  26 

6.33 

52.00 

6.96 

6.00 

0.80 

280.12 

37.47 

44.82 

6.00 

ft. 
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Cost  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  than. 
This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for  pump- 
ing.   The  average  depth  of  cut  was  14.5  ft. ;  maximum  cut  18.0  ft. 


Total 

1,125  ft.  of  15-in.  Sewer. 

Teams  and  drivers,  14K  days  at  $5.50 $79.75 

Foreman,  16H  days  at  $3.00 49. 50 

Laborers,  235H  days  at  $2.00 471 .00 

Tenders,  20  days  at  $2.00 40. 00 

Pipe  layers,  14  days  at  $2.75 38. 50 

Tenders,  14  days  at  $2.00 28 .  00 

Mixers,  16  days  at  $2.00 32.00 

Sta.  engr.,  25  days  at  $3.00 75.00 

Firemen,  18  days  at  $2.25 40. 50 

Pipeline  men,  44^  days  at  $2.00 89 .  00 

1.125  ft.  of  15-in.  pipe  at  29.7  ots 334. 13 

Hauling  pipe  at  5  cts.  per  ft 56 .  25 

Totals $1,333.63 


Cost  per  lin.  ft. 
Ota. 

7.08 
4.40 

41.86 
8.55 
3.42 
2.48 
2.84 
6.67 
8.60 
7.91 

20.70 
5.00 


118.50 


The  cost  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  abofa 
This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for  pump- 
ing.    The  average  cut  was  1 1 .3  ft.  and  the  maximum  cut  was  13  ft. 

897  ft.  of  12-in.  Sewer,  So.  of  13th  Ave. 


Total 

Teams  and  drivers,  26H  days  at  $5.50 $143.00 

Foremen,  14H  days  at  $3.00 43. 50 

Laborers,  166H  days  at  $2.00 333.00 

Tenders,  25  days  at  $2.00 50.00 

Pipe  layers,  9H  days  at  $2.75 26.81 

Mixers,  IIM  days  at  $2.00 22. 50 

Sta.  engr.,  21  days  at  $3.00 63. 00 

Firemen,  19  days  at  $2.25 42.75 

Pipeline  men,  29  days  at  $2.00 58.00 

Helpers,  2  days  at  $2.00 4.00 

897  ft.  of  12-in.  pipe  at  22  cts 197. 34 

Hauling  pipe  at  2H  cts.  per  ft 22.42 

Totals $1,006.32 


Coat  per  Hn.  ft 
Ota. 

15.08 

4.86 
87.18 

6.67 

2.90 

2.61 

7.02 

4.77 

6.47 

0.46 
21.98 

2.60 


112.17 


The  cost  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  aborCL 
This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for  pump- 
ing.    The  average  cut  was  13.8  ft.,  and  the  maximum  cut  was  26  ft. 

1,023  ft.  of  12-in.  Sewer,  N.  of  13th  Ave. 


Total 

Teams  and  drivers,  26  days  at  $5.50 $143.00 

Foremen,  15>^  days  at  $3.00 -.  .  . .  46. 50 

Laborers,  186  days  at  $2.00 372.00 

Tenders,  10  days  at  $2.00 20.00 

Pipe  layers,  10  days  at  $2.75 27 .  50 

Mixers,  9K  days  at  $2.00 18 .  60 

Sta.  engr.,  14  days  at  $3  00 42.00 

Firemen,  13  days  at  $2.25 29.26 

Pipeline  men.  43  days  at  $2.00 86.00 

Helpers,  2  days  at  $2.00 4.00 

1,023  ft.  of  12-in.  pipe  at  22  cts 225.06 

Hauling  pipe  at  2yi  cts.  per  ft 25. 67 

Totals $1,039.88 


Per  ft.,  c 

18.07 
4.66 

86.86 
1.06 
2.60 
1.81 
4.11 
2.88 
8.48 
0.80 

22.00 
2.40 

101.60 
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The  cost  of  sheeting  trench  and  coal  for  boUer  arenoilnctixtodintfaaalxyva 
Well  points  were  used  for  pumping.  The  average  cut  was  13.8  ft.,,  and  the 
maximum  cut  was  19.8  ft. 

10-in.  catch  basin  connections.    Total  length  of  connections  710  ft. ' 


Teams  and  drivers,  2  days  at  $5.50. 

Foremen,  IH  dajrs  at  $3.00 

Laborers.  48  days  at  $2.00 

Pipe  layers,  6>^  days  at  $2.75 

Tenders,  1  day  at  $2.00 

Mixers,  5H  days  at  $2.00 

710  ft.  of  10-in.  tUe  at  16H  cts 

Hauling  tile  at  2  cts.  per  ft 


Totals. 


Total 

$11.00 

4.50 

96.00 

17.19 

2.00 

11.00 

117.16 

14.20 


$306.75 


Cost  per  liti.  ft., 
cts.  :• 

1.54 

0.68 
13.52 

2.42 

0.28.. 

1.64   ,. 
16.47 

2.00 


No  sheeting  was  required  and  no  pumping  was  neoessaiy 
cuts  were  as  follows : 

Average  cut  for  110  ft 

Average  cut  for  110  ft 

Average  cut  for  140  ft 

Average  cut  for  220  ft 

Average  cut  for  130  ft 

11  Brick  Manholes.    Average  depths  11.7  ft 


Bricklayers,  102  hrs.  at  $1.25 

Tenders,  37  days  at  $2.00 

Mixers,  lOK  days  at  $2.00 

Laborers,  one  day  at  $2.00 

Sta.  engr.,  1  day  at  $3.00 

Pipemen,  1  day  at  $2.00 

22  M.  brick  at  $7.00 

11  manhole  covers  at  $5.00 

Totals 

10  Standard  Brick  Catch  Basins. 


Bricklayers,  62  hrs.  at  $1.25 

Tenders.  18^  days  at  $2.00 

Mixer,  8  days  at  $2.00 

Laborers,  1  day  at  $2.00 

10  M.  brick  at  $7.00 

10  C.  B.  covers  at  $5.00 

250  ft.  10-in.  pipe  at  $0.16^ 

10  double  Le  and  traps  at  $1.15 

Totals 

4  Standard  Gutter  Inlets  and  Connections. 


Laborers,  10  days  at  $2.00. 

C<mcrete 

4  gratings  at  $2.00 

100  ft.  8-in.  tile  at  11  cts. . 
4  84n.  L's  at  50  cts 

Total 

44 


$273.04 

38.40 

was  neoessaiy. 

The  avenge 

Ft. 

16 

12.0 

7.0 

16.$ 

• 

Total 

Per  manhole 

$127.50 

74.00 

21.50  • 

2.00 

8.00 

2.00 

154.00 

55.00 

'   $11.58  '' 
6.73 
1.96 
0.18 
0.27 
0.18 

.     14.00  . 
5.00, 

$489.00 

$39.90 

Total 

Per  basin 

$77.50 
87.50 
16.00 
2.00 
70.00 
50.00 
41.25 
12.50 

$lr.75 

3.75 

1.60 

0.20  . 

7.00 

5.00 

4.12  . 

1.25 

$30.67 


Total 

Per  in] 

$20.00 

$5.00 

10.00 

2.50 

8.00 

2.00 

11.00 

2.75 

2.00 

0.50 

$51.00 


$12.75 
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2.136  ft.  of  6-in.  House  Connections. 

Pipe  layer.  37K  days  at  $2.25 

2.136  ft.  of  6-in.  pipe  at  S0.07K 

Hauling  pipe  at  lO.Ol 

137  12^.  Y'8  at  $0.46 

78  16-in.  Y*8  at  $0.60 

62  18-in.  Y'8  at  $0.75 

267  6-in.  8topper8  at  $0.01 

Total 


Total. 

Per  ft.  eti. 

$84.93 

3.98 

160.20 

7.50 

21.36 

1.00 

63.02 

2.95 

46.80 

2.19 

39.00 

1.82 

2.67 

0.18 

$417.98 


19.57 


All  house  connections  were  tunneled  from  the  connection  to  the  lot  Uab. 
The  sewers  are  in  the  center  of  the  12  ft.  alleys. 


Local  Sswsb  No.  9 
852  ft.  of  12-in.  Sewer,  on  Alley  No.  4  West,  North  of  13th  Aye. 


Foreman,  15  days  at  $3.00 

Pipe  layer,  15>i  days  at  $2.75. 

Mixer.  13  days  at  $2.00 

Sta.  engr.,  28  days  at  $2.50 

Firemen,  28  days  at  $2.25 

Pipeline  men,  42  days  at  $2.25. 
Laborers.  139K  days  at  $2.00. . 

Tender,  8  days  at  $2.00 

852  ft.  of  12-in.  pipe  at  22  cts. . 

Hauling  pipe  at  3  cts.  per  ft 

28  tons  coal  at  $4.00 

Total 


Per  lin.ft, 

Total 

cts. 

$45.00 

5.28 

42.62 

5.00 

26.00 

3.05 

70.00 

8.22 

63.00 

7.89 

94.50 

11.08 

279.00 

32.72 

16.00 

1.87 

187.44 

21.96 

25.56 

3.00 

112.00 

18.14 

$961.12 


112.70 


This  sewer  was  laid  in  water  bearing  sand.    Well  points  were. used  lor 
pumping;  20  hp.  steam  boiler  and  No.  4  Nye  Pumps  were  used.     The 
cut  was  10.9  ft.,  the  maximum  was  11.2  ft. 

747  ft.  of  18-in.  Sewer,  on  Alley  No.  4,  South  of  13th  Ave. 


Total 

Foreman.  24  days  at  $3.00 $  72.00 

Pipe  layer.  13H  days  at  $2.75 37. 12 

Mixer.  13M  days  at  $2.00 27.00 

Sta.  engr..  14  days  at  $2.50 35.00 

Fireman,  21  days  at  $2.25 47 .  25 

Teams  and  drivers.  5  days  at  $6.00 30. 00 

Pipeline  men,  41  days  at  $2.25 92.25 

Bncklayer,  1  day  at  $10.00 10.00 

Laborers,  143  days  at  $2.00 286.00 

Sheeting  men,  37  days  at  $2.00 74 .  00 

Tender,  15K  days  at  $2.00 31 .00 

747  ft.  18-in.  pipe  at  37M  cts 280. 12 

Hauling  pipe  at  6  cts.  per  ft 44 .82 

14  tons  coal  at  $4.00 56.00 

Total $1 ,  122.66 


Per  lin.  ft 
eti. 

9.M 
4.97 
8.61 
4.68 
0.82 
4.02 
12.84 
1.84 


9.92 

4.15 

87.60 

e.oo 

7.49 
160.98 


This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for 
pumping;  20  hp.  steam  boiler  and  No.  4  Nye  Pumps  were  used.  Ayenfeeol, 
12.3  ft.;  maximum  cut  16.1  ft.  The  labor  imion  rules  required  the 
of  a  bricklayer  on  the  Job. 
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750  ft.  of  15-in.  Sewer,  on  Alley  No.  4  West,  South  of  15th  Ave. 

Per  lin.  ft.. 
Total  otB. 

Foreman.  27  days  at  $3.00 $81.00  10.80 

Pipe  layer,  13  days  at  $2.76 35.75  4.76 

Muter,  IIM  days  at  $2.00 23.00  3.06 

Sta.  engr..  16H  days  at  $2.60 41.25  6.50 

Fireman,  19  days  at  $2.26 42.75  6.70 

Teams  and  drivers,  IH  days  at  $6.00 9.00  1.20 

Pipeline  men,  31  days  at  $2.25 69.75  9.30 

Laborers,  152  days  at  $2.00 304 .00  40. 60 

Tender,  14  days  at  $2.00 28.00  3.78 

Steam  roller,  1  day  at  $10.00 10.00  1.33 

750  ft.  of  15-in.  pipe  at  29.7  cts.  per  ft 222 .  75  29 .  68 

Hauling  pipe  at  5  cts.  per  ft 37.50  6.00 

Total $904.75  120.56 

This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for 
pumping.  A  20  hp.  steam  boiler  and  No.  4  Nye  Pimips  were  used.  Average 
cut,  9.7  ft. ;  maximum  cut  13.2  ft. 

693  ft.  of  12-in.  Sewer,  on  Alley  No.  4  West,  South  of  17th  Ave. 

Cost  per  lin.  ft., 
Total  cts. 

Foreman,  8  days  at  $3.00 $24.00  8.46 

Pipe  layer,  13H  days  at  $2.75 37.12  5.36 

Mixers.  12H  days  at  $2.00 25.00  3.61 

Sta.  engr..  15H  days  at  $2.50 38.75  5.59 

Fireman,  20  days  at  $2.25 45.00  6.49 

Teams  and  drivers,  2  days  at  $6.00 12.00  1 .73 

Pipeline  men,  33  days  at  $2.25 74 . 25  10. 72 

Laborers,  219  days  at  $2.00 438.00  63.20 

Tenders,  14  days  at  $2.00 28.00  4.04 

15H  tons  coal  at  $4.00 62.00  8.95 

693  ft.  12-in.  pipe  at  22  cts 152.46  21 .92 

Hauling  pipe  at  3  cts.  per  ft 20.79  3.00 

Total $957.37  138.07 

This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for 
pumping.  A  20  hp.  steam  boiler  and  No.  4  Nye  Pumps  were  used.  Average 
cut.  10.9  ft. ;  maximum  cut,  14.5  ft. 

220  ft.  of  10-in.  Pipe  Connections  for  Catch  Basins. 

Cost  per  lin.  ft.. 

Total  cts. 

Pipe  layer,  3  days  at  $2.75 $8. 25  3.75 

Laborers,  16  days  at  $2.00 32.00  14. 54 

Mixers,  3  days  at  $2.00 6.00  2.73 

220  ft.  10-in.  pipe  at  16H  cts 36.30  16.50 

Hauling  pipe  at  2  cts.  per  ft 4.40  2.00 

$86.95  39.52 

These  connections  were  all  laid  in  dry  sand  and  pumping  was  not  required. 
Average  cut,  4  ft. ;  maximum  cut,  6  ft. 
1,632  ft.  of  6-in.  House  Connections. 

Cost  per  lin.  ft., 
Total  cts. 

Pipe  layer,  40  days  at  $2.25 $90.00  5.52 

1,632  ft.  6-in.  pipe  at  7^  cts.  per  ft 122 .40  7 .  50 

Hauling  pipe  at  1  ct.  per  ft 16. 32  1 . 00 

204  6-in.  stoppers  at  7  cts 14 .  28  0 .  87 

12  10-in.  stoppers  at  12  cts 1 .44  0.08 

1  12-in.  stopper  at  12  cts A2  0.10 

Total $244.56  14.98 
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All  house  connection  were  tunneled  to  the  lot  line  from  the  seiwer  in  the 
center  of  the  12  ft.  alleys. 
9  Standard  Brick  Manholes.     Average  Depth  12.106  ft. 


Bricklayer,  10  days  at  $10.00. 

Laborers,  33  days  at  $2.00 

Mixers,  9  days  at  $2.00 

9  manhole  covers  at  $5.00. . . . 

18  M.  brick  at  $7.00 

81  manhole  steps  at  20  cts 

Total 


Cost  per 

Totol 

manhole 

$100.00 

811.11 

66.00 

7.8$ 

18.00 

2.00 

45.00 

6.00 

126.00 

14.00 

16.20 

1.80 

$371.20 


841.84 


5fonckinfMan/HflpOj¥er. 


Fig.  1. — Standard  brick  manhole  for  Gary,  Indiana. 


7  Standard  Catch  Basins  and  Connections. 


Bricklayer,  5  days  at  $10.00. 
Laborers,  17  days  at  $2.00. . 

Mixers,  5  days  at  $2.00 

7  M.  brick  at  $7.00 

7  cast  iron  covers  at  $5.00. . 
7  double  L  traps  at  $1.25 — 

Total 


Well  points  and  a  small  hand  pump  were  used. 
water  to  remove. 


Total 
$50.00 
34.00 
10.00 
49.00 
35.00 
8.76 

Co>tp«rbMlB 

4.88 
1.48 
7.00 
6.00 
1.88 

$186.75                  886.88 
3d.    There  was  about  0  in$.  cf 

1.046  ft.  at  12-111.  fi 


Local  Bbwib  No. 
ar  In  Aliey  No.  3  W«st 


O.OS 


Forwnui,  4  dan  *t  SS.OO Ha.OI 

lAboms,  2fiS  dsyi  mt  (3.00 Eie.  a 

KpeliM  men,  3S  dw*  *t  S3.^ 7S.7I 

Bncklkyer,  SH  dayi  M  liaoo ,  GE.OI 

PipeUyw,  11  dwn  at  *3.00 33,01 

Tender.  lld&yistU.OO >«  n 

Rremeo,  27  days  at  13.00 

Miien,  SH  days  at  13.00 

Wittar  boy.  10  days  at  t0.E0 

1,046  ft.  of  la-in.  piiM  at  33  eta.  per  ft 

Hauliiu  pipe  at  3H  eta.  per  ft. ,..-.,  - 

14  dsfB*  rentHl  of  boiler  and  outfit  at  IIO.OC. 

14  toni  of  coal  at  (4.00 

Total H.2S6.0 

This  sewer  was  laid  in  w&t«r  bearing  sand.  Well  itolnts  were  used  for 
pumping.  Boiler  and  pumps  as  before.  ATenga  cut.  6.6  ft. ;  maxlinuni  cut. 
8.4  ft.  The  labiK'  union  rulea  required  the  presence  of  the  bricklayer  on 
Sewer  No.  10  wherever  shown,  to  talie  charge  d  and  aedst  in  the  pipe  laytng, 

746  ft.  of  18-ln.  Sewer  in  Alley  No.  3  Wert,  South  of  13th  Ave. 

[?aat  per  lin,  ft.. 


BneUay.  . 

Pipe  layer,  II  days  at  13.00 

Tender.  11  days  at  »3,00 

Fireoien,  35^f  daya  at  J2.00 

Miier.  QK  days  at  12.00 

Water  boy,  12  dsvH  at  J0.60 

746  ft.  of  18-in.  pipe  at  37H  cti.. 
Haulinv  pipe  at  0  cts,  per  ft- ....  - 
Rental  oT  boiler  and  outfit  IS  day 
18  tons  of  coal  at  M.OO 

Total 

Water  In  aand,  well  polnta.  boiler  and  pumps  at 
ft.;  maxlmiini  cut,  12.fl  ft. 

750  ft.  of  iMn.  Sewer  In  Alley  N 


1 

43 
40 
27 

2 
_i 

00 

so 

60 

1 

at  IBH  days  at  110.00 

18 
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Water  removed  as  before.     Average  cut,  11.5  ft.;  maximum  cut,  15.1  ft. 
719.6  ft.  of  12-in.  Sewer  in  Alley  No.  3  West,  South  of  17th  Ave. 


Total 

Teams  and  drivers,  37  dasrs  at  $6.50 $240. 50 

Foreman,  24^  days  at  $3.00 73. 50 

Laborers.  207  days  at  $2.00 414.00 

Pipeline  men,  27  days  at  $2.25. . .  .• 60.75 

Helpers,  20  days  at  $2.00 40.00 

Bricklayer,  IQfi  days  at  $10.00 165.00 

Pipe  layer,  4  days  at  $3.00 12.00 

Tender,  17M  days  at  $3.00 52. 50 

Fireman,  20  days  at  $2.00 40. 00 

Mixers,  16^  days  at  $2.00 83.00 

719.6  ft.  of  12-in.  pipe  at  22  cts 158 .  29 

Hauling  at  2^  cts.  per  ft 17 .99 

Rent  of  boiler  and  outfit  20  days  at  $10.00...  200.00 

10  tons  of  coal  at  $4.00 40. 00 

Totol $1,547.58 


Per    lin.    ft., 
cts. 

33. 

10.22 

67.55 

8.45 

5.55 
22.93 

1.67 

7.29 

5.56 

4.58 
21.98 

2.50 
27.80 

5.56 


215.06 


Water  removed  as  before.     Average  cut,  12.8  ft. ;  maximum  cut,  14.5  ft 
18  Standard  Brick  Manhole,  Average  Depth  12.106  ft. 


Bricklayer.  14  days  at  $10.00. 

Mixer,  14  days  at  $2.00 

Laborers,  55  days  at  $2.00. . . 

36  M.  brick  at  $7.00 

18  cast  iron  covers  at  $5.00. . 
164  manholes  steps  at  20  cts. 

Total 


Total 

Per  manhde 

$140.00 

$7.78 

28.00 

1.56 

110.00 

6.11 

252.00 

14.00 

90.00 

5.00 

32.80 

1.82 

$652.80 


$86.27 


3  Standard  Brick  Catch  Basins  and  Connections. 


Bricklayer,  2H  days  at  $10.00. 

Foreman,  2  days  at  $3.00 , 

Mixers,  2yi  days  at  $2.00 

Laborers.  21  days  at  $2.00 

3  M.  brick  at  $7.00 

3  cast  iron  covers  at  $5.00. ... . 
300  ft.  of  8-in.  pipe  at  11  cts. . 
3  double  L  traps  at  $1.25 

ToUl 


Total 

Perbu 

$25.00 

$8.88 

6.00 

2.00 

5.00 

1.67 

42.00 

14.00 

21.00 

7.00 

15.00 

5.00 

33.99 

11. 8S 

3.76 

1.25 

$161.74 


$60.58 


Well  points  and  small  pump  used  to  remove  about  6  ins.  of  water. 

Cost  of  Constructing  a  Small  Submerged  Sewer  Outfall  Into  a  Stri 
J.  C.  Schneidwind  in  Engineering  and  Contracting,  June  14,  1911  givei  tbi 
cost  of  constructing  the  Leland  Ave.  outfall  into  the  North  Shore  dunBIl 
Chicago  as  follows: 

Briefly  the  design  requires  the  end  of  the  sewer  to  be  built  M  doee  i 
to  the  water  edge  where  a  concrete  bulkhead  is  placed  and  the 
through  it  to  the  face.    At  a  sufficient  distance  back  from  the  faoei  an  oid^ 
nary  junction  pipe  is  placed  with  the  connection  on  the  flow  line  at  Hm  i 
This  in  turn  is  joined  by  means  of  straight  and  curved  tile  pipes  to  a 


SEWERS 


•  pipe  which  eoctendi  into  the  water  about  2  ft.  below  the  smfaee.    To 

;t  the  sewage  into  the  drain  pipes,  a  biick  weir  is  placed  at  the  J<^t  oo  the 

stream  side  of  ttie  Junction,  and  of  sufficient  sixe  to  oare  for  a  quantttj 

to  two  times  the  dry  weather  flow  plus  10  per  cent. 

B  construction  of  the  Leland  Avenue  outfall  was  carried  on  as  fOllowi: 

the  sewer  was  built  to  the  site  of  the  bulkhead,  the  excavatioQ  for  the 

was  completed  and  filled  with  concrete  to  a  depth  of  6  ins.    The 

Ion  pipe  was  then  placed  in  its  propOT  position  and  held  by  a  block  and 

),  wliile  the  connection  with  the  cast  iron  pipe  wae  made.    Concrete  was 


CUoner. 
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Fig.  2. — Standard  concrete  gutter  inlets,  Gary,  Indianit. 


>laoed  and  seciurely  tamped  around  the  pipes  to  protect  them  from 
3ance,  after  which  the  work  was  merely  a  matter  of  constructing  a 
for  the  sewer  proper  and  jimction  pipe.  Elevations  were  taken  on  the 
to  discover  a  settlement,  if  any,  but  none  of  material  importance  was 
ed.    The  next  pipe  was  then  set  and  in  the  joint  was  placed  the  brick 

To  fit  the  last  pipe  fiush  with  the  form  the  exact  measurement  was 
and  a  pipe  cut  to  fit.  The  balance  of  the  work  consisted  only  of  filling 
m  with  concrete. 

work  was  carried  on  by  direction  of  a  foreman,  who  did  the  necessary 
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masoa  work,  and  &  g&ng  of  dx  laborera.  The  concrete  was  composed  of  1  pirt 
Portland  cement,  2  parts  toipedo  Bond  and  4  parts  crutiud  stcme.  TiM 
temlzed  coat  was  as  follows: 

1  toitamDH  dayatJlO »  B,2H 

3  labors™  (eioavBtio«l.  H  day  at  13.76 6.63 

5  laborers  (concreting),  1  day  at  13,50 17.40 

7eu.  yds.  cruabed  stone  at  *1.SS 11.66 

4ini.  yds.  tarpedDeaiidat  t1.60... fl.OO 

11  bbls.  Portland  dement  at  tl.50 le.SO 

61in.  It.  oast  iron  pipe  at  tl.OO S.OD 

6  1in.lt.  6-in.  tilei"  -~    ■  — 
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Aug.  12,  1914.  by  C.  A.  Bryan  who  was  reaideat  ensfueer  for  tba  wuk. 

Coit  of  IS-in.    Crotiing. — The  construction  of  the  outfall  Www  MTTlW 
the  northam  and  the  western  section  of  the  Borough  o(  Cmrltale,  P*.,  niaw  J 
sltated  making  a  crossing  of  the  Letort  Sptlug,  a  stream  Qmrliig  thi— ^  At  1 
eastern  section  of  the  borongh.  In  order  to  coimect  this  fewer  with  tba  ^M|  1 
outfoU  sewer.  I 

The  width  of  the  spring  at  the  point  where  the  croislng  wu  nude  WM  Uft  I 
at  the  water  surfu^.  The  channel  itself  was,  howorer,  about  15  ft.  «Uft  flB  .1 
remainder  of  the  cross-sectloc  behig  mors  or  less  eluded  with  mud  wd  A  i 

id  through  this  part  of  the  section  the  velocity  et  flow  wu  low.     IteftTClMf  ■ 


depth  of  water  In  the  cross-section  w 


1.06  ft. 
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Soundings  taken  at  the  crossing  showed  that  the  bed  of  the  spring  was  com- 
posed of  a  stratum  of  soft  mud  and  clay  about  4  ft.  deep  and  underlaying 
this  a  stratum  of  stiff  clay  through  which  the  soundings  were  not  carried.  It 
was  therefore  decided  to  construct  this  crossing  in  two  sections,  and  to  com- 
pletely finish  and  fill  in  the  first  section  before  beginning  work  on  the  other. 

Work  was  commenced  on  the  eastern  half  of  the  crossing,  and  a  cofferdam 
built  extending  from  the  eastern  bank  of  the  spring  to  a  point  a  little  beyond 
its  center.  The  cofferdam  was  made  about  20  ft.  long  and  5  ft.  wide  inside 
dimensions,  and  was  built  by  driving  two  rows  of  2-in.  plank  around  the 
three  sides  exposed  to  the  water.  The  plank  used  were  8  ft.  long  and  were 
braced  by  one  horizontal  waling  strip.  A  wooden  maul  was  used  to  drive  this 
sheeting  and  no  trouble  was  experienced  in  driving  it  to  a  sufficient  depth. 
The  space  between  the  two  rows  of  sheeting  was  then  filled  with  a  well- 
puddled  stiff  clay  excavated  from  the  bottom  of  the  stream.  Water  was  then 
pumped  out  of  the  cofferdam  by  gasoline  pumps,  while  bags  filled  with  sand 
were  piled  around  the  outside  of  the  cofferdam  to  prevent  excessive  infiltration. 
The  leaks  in  this  cofferdam  were  plugged  without  much  difficulty.  The 
trench  for  the  pipe  was  then  excavated  and  it  was  found  necessary  to  use  tight 
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Fig.  4. — ^Longitudinal  cross  section  of  18-in.  clay  pipe  inverted  sewer  siphon 

under  Letort  Spring,  Carlisle,  Pa. 

sheeting  throughout  its  length.  The  trench  was  dug  about  3  ft.  wide  inside  to 
inside  of  sheeting  in  order  to  make  a  proper  allowance  for  clearance  of  the  bells 
of  the  pipe.  The  trench  sheeting  was  held  by  one  line  of  horizontal  waling 
strips  set  just  below  the  original  bed  of  the  stream.  The  material  excavated 
from  the  trench  was  disposed  of  on  the  banks  of  the  spring.  When  the  exca- 
vation had  been  carried  to  the  elevation  called  for  on  the  plan,  it  was  found 
that  the  foundation  was  not  solid  and  it  was  therefore  carried  about  8  ins. 
deeper  to  a  more  solid  stratum.  The  contract  called  for  surrounding  the 
pipe  with  6  ins.  of  concrete  and  it  was  decided  to  further  reinforce  this  by  using 
1-in.  round  iron  rods  spaced  9  ins.  apart  on  centers  underneath  the  pipe. 

Work  on  the  western  half  of  the  crossing  was  started  a  few  days  after  the 
completion  of  the  work  just  described.  This  work  was  handled  in  the  same 
maimer.  The  brick  manholes  at  both  ends  of  the  crossing  were  then  built. 
The  water  leaking  into  the  cofferdam  was  handled  by  two  gasoline  diaphragm 
pumps. 

In  order  to  provide  a  method  of  flushing  out  this  syphon  it  was  decided  to 
connect  the  manhole  on  the  west  bank  of  the  spring  with  the  spring  by  a  12-in. 
cast  inm  pipe  resting  on  the  bed  of  the  latter.  This  pipe  was  provided  with  a 
12-in.  gate  valve  which  was  set  in  a  valve  chamber  built  into  the  manhole. 

Work  on  the  construction  of  this  crossing  was  started  on  Sept.  12,  1913,  and 
completed  on  October  1.  The  itemized  cost  of  this  work  to  the  contractor  was 
aBf<^ows: 
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Cost  or  Labor 

Item  Amount 

18  hrs.  supervision  at  $0.80 $  14  40 

188  hrs.  foreman  at  $0.30 56.40 

40  hrs.  carpenters  building  cofferdam  at  $0.35 14 .  00 

40  hrs.  carpenter  helper  on  above  at  $0.17H 7.00 

280  hrs.  excavation  at  $0.17K 49.00 

80  hrs.  stopping  leaks  at  $0.17K 14.00 

20  hrs.  stopping  leaks  at  $0.20 4. 50 

153  hrs.  driving  sheeting  at  $0.17^ 26.78 

35  hrs.  pipe  laying  at  $0.17>^ 6. 13 

11  hrs.  pipe  layina  at  $0.27M 8.03 

80  hrs.  mixing  and  placing  concrete  at  $0.17H 14.00 

5  hrs.  mixing  and  placing  concrete  at  $0.20 1.00 

40  hrs.  backfilling  at  $0.17H 7.00 

37  hrs.  movilig  pumps  at  $0.17M 6.48 

36  hrs.  engineer  at  $0.40 14.40 

44  hrs.  mason  at  $0.30 13.20 

44  hrs.  mason  helper  at  $0.17K 7.70 

25  hrs.  cleaning  up  at  $0.17H 4.88 

1  hr.  cart  at  90.27H 0.28 

8  hrs.  team  at  $0.45 3.60 

3  hrs.  hauling  12-in.  pipe  at  $0.45 1 .35 

Total  cost  of  labor $268.63 

Cost  of  Matbrials 

1 ,  180  ft.  B.  M.  lumber  at  $25.00 $  29.50 

200  lin.  ft.  ^-in.  lumber 4.78 

45  empty  sacks  used  in  cofferdam  at  $0.10 4.60 

9  cu.  yds.  of  stone  at  $1.25 11.26 

7.5  cu.  yds.  of  sand  at  $1.75 18. 10 

68  bags  of  cement  at  $0.40 27.20 

2,500  brick  at  $8.75 21.88 

55  gals  of  gasoline  at  $0. 17H * 9. 68 

52  un.  ft.  18-in.  terra  cotta  pipe  at  $0.60 81 .  20 

0.448  tons  12-in.  c.  i.  pipe  at  $24.90 12.28 

2  manhole  frames  and  covers  at  $6.70 18.40 

10  manhole  steps  at  $0.35 8.60 

1  cut  stone  at  $2.25 2.25 

1  12-in.  valve  at  $39.50 88.60 

Leading  pipe  into  valve 2. 60 

Steel  reinforcement 8.40 

4  diaphragms  for  pumps  at  $3.25 18.00 

Oil  for  pumps 1 .  60 

25  days  of  pumping  for  gas  pumps  at  $1.00 25.00 

Total  cost  of  materials $200.88 

Total  cost  of  labor 268.68 

Total  cost  of  crossing $537 .95 

The  itemized  cost  of  constructing  the  12-in.  flushing  main  and  valva  in  ttai 
manhole  on  the  western  bank  of  the  spring  was  as  follows: 

61  hrs.  of  laborers  building  cofferdam  at  $0.17H $     10.68 

17  hrs.  of  mason  at  $0.30 5. 10 

3  hrs.  of  teams  hauling  supplies  at  $0.27H 0.88 

1  12-in.  gate  valve  at  $39.50 88. 60 

450  brick  at  $8.75  (M) 8.84 

1  cut  stone S.15 

2  cu.  yds.  of  stone  (crushed)  at  $1.25 8.60 

2  cu.  yds.  of  sand  at  $1.75 8.60 

10  bags  of  cement  at  $0.40 4.00 

300  ft.  B.  M.  lumber  at  $26.00 7.80 

10  gallons  of  gasoline  at  $0.15 1 .60 

Leading  pipe  into  valve 2.60 

Total  cost  of  12-in.  fllushing  device $  84. 18 


J 
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Deducting  the  cost  of  constructing  the  12-in.  flushing  device  from  the  total 
cost  of  the  crossing  gives  $453.85  as  the  cost  of  the  oontrBctor  of  constructing 
this  inverted  siphon  together  with  the  two  manholes  and  ottieir  i^ipurtenances. 

The  length  of  this  crossing  was  52.5  lin.  ft.,  or  the  oost  ol  oonstniction 
amounted  to  $8.65  per  lineal  feet. 

Cost  of  le-in.  Crossing. — The  10-in.  branch  sewer  serving  the  northeastern 
section  of  the  borough,  joins  the  main  outfall  sewer,  constructed  along  the 
east  bank  of  the  Letort  Spring,  at  the  comer  of  North  St.  and  Porter  Ave.  In 
order  to  effect  this  junction  it  was  also  necessary  to  carry  this  branch  aewer 
across  the  spring. 

In  making  this  crossing  a  complete  cofferdam  was  made  so  that  the  woric 
could  be  finished  without  interruption. 

The  spring  at  the  point  where  the  crossing  was  made  was  about  33  ft.  wide 
and  about  1.9  ft.  deep  in  the  deepest  porti<m.  A  timber  frame  work  was  first 
built  from  2-in.  by  10-in.  plank.  This  frame  work,  built  on  the  bank,  was 
32  ft.  long  and  6.5  ft.  wide  and  3.5  ft.  deep.  At  the  center  of  the  long  sides  of 
the  frame  a  flume  was  built  .across  it.  This  flume  was  5.65  ft.  wide  and  its 
bottom  was  1  ft.  3  ins.  below  the  top  at  the  frame  at  upper  side  and  with  a 
pitch  of  3  ins.  in  the  width  of  the  frame  work.  When  completed  the  frame 
work,  sheathed  on  the  sides,  was  placed  across  the  stream,  the  sides  resting  in 
two  shallow  trenches.  The  structure  was  then  weighed  down,  caUced  and 
banked  about  with  clay. 

It  was  decided  to  use  available,  second  hand  cast  iron  pipe  in  this  crossing 
on  account  of  the  fewer  joints  thus  required  and  the  greater  ease  and  rapidity 
with  which  the  contracter  could  lay  it  out. 

Work  on  the  construction  of  this  crossing  was  begun  on  Nov.  20, 1013,  and 
the  crossing  was  practically  finished  on  Dec  3,  although  the  work  of  finishing 
the  construction  of  the  various  manholes,  cleaning  up,  etc.,  was  not  completed 
until  Dec.  19. 

The  itemized  cost  of  all  work  at  this  crossing  was  as  follows: 


Cost  of  labor  Amount 

Superintendent,  16  hours  at  80  cts S  12.80 

Foremen,  106  hours  at  40  cts 42. 40 

Foremen,  6  liours  at  30  cts 1 .  80 

Excavation,  651  hours  at  17H  cts 113  93 

Sheeting  and  bracing,  100  hours  at  20  cts 20. 00 

Engineer,  gas  pumps,  82  hours  at  40  cts 32 .  80 

Mason,  83  hours  at  30  cts 24 .  90 

Mason  helper,  83  hours  at  17H  cts 14 .  53 

Carpenter.  57  hours  at  35  cts ^ 19  95 

Carpenter  helper,  111  hours  at  17H  cts. . : 19 . 43 

Sheeting  and  bracing,  100  hours  at  17^  cts 17 .  50 

Laying  pipe,  61  hours  at  20  cts 12 .  20 

Laying  pipe,  50  hours  at  17H  cts 8 .  75 

Concreting,  147  hours  at  17H  cts 25.73 

Backfilling.  80  hours  at  17M  cts 14.00 

Miscellaneous.  60  hours  at  17i^  cts 10. 50 

Cleaning  up.  38  hours  at  17>4  cts 6 .  65 

Hauling  material,  4  hours  at  45  cts 1 .  80 

Total  cost  of  labor  to  complete  all  work  at  thi9  crossing $399 .  67 
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Cost  of  materials:  Amount 

Bags  of  cement,  87  at  40  cts $  34.80 

Cu.  yds.  of  stone,  26  at  $1.26 31 .25 

Cu.  yds.  of  sand,  13  at  $1.76 22.75 

Lumber  for  sheeting  and  piles,  2.0  M.  ft.  B.  M.  at  $26 52.00 

Flanged  cast  iron  pipe,  48  lin.  ft.  12-in 61 .44 

Gaskets  separating  pipe,  6  at  6  cts .30 

Gallons  of  gasoline,  80  at  16  cts 12.00 

Manhole  frames  and  covers,  2  at  $6.70 13.40 

Lamphole  frame  and  cover,  1  at  $4.20 4.20 

Cast  iron  pipe,  12  lin.  ft.  10-in 6.40 

Valve,  1  10-in.  at  $18 18.00 

Brick,  2.000  at  $8.76 17.60 

Diaphragms  for  gasoline  pumps,  6  at  $3.20 16.00 

Gasoline  torches,  3  at  $1.25 3.75 

Pumping  with  gasoline  pumps,  26  days  at  $1.00 25.00 

Total  cost  of  materials  and  plant $318.70 

Total  cost  of  labor 399.67 

Total  cost  of  crossing  to  contractor 718.46 

The  itemize  cost  of  constnicting  the  10-in.  flushing  device  to  the  contractor 
was  as  follows: 

Labor  building  cofferdam,  etc.,  60  hours  at  17H  cts $       8.75 

Mason  labor,  30  hours  at  30  cts 9.00 

Mason  helper,  30  hours  at  17>2  cts 6.85 

Gasoline,  10  gals,  at  15  cts 1.50 

Valve,  1  10-in.  at  $18.00 18.00 

Cast  iron  pipe,  12  lin.  ft.  10-in s 6.40 

Lamphole  frame  and  cover,  1  at  $4.20 4.90 

Brick,  300,  $8.75  per  M 2.64 

Stone,  1.5  cu.  yds.  at  $1.25 1.88 

Sand,  H  cu.  yds.  at  $1.76 1.31 

Cement,  7  bags  at  40  cts 8.80 

Lumber,  300  ft.  B.  M.  at  $26.00 7.80 

Total  cost  of  flushing  device $  60. 6S 

Deducting  the  cost  of  constnicting  the  flushing  device  from  the  total  ooit 
ot  the  work  leaves  $648.93  as  the  cost  to  the  contractor  of  making  this  croflBiiig. 
The  length  of  this  crossing  from  the  center  of  the  manhole  on  the  east  bank  of 
the  spring  to  the  corresponding  point  on  the  west  bank  was  61.5  ft.,  or  the 
coat  of  this  crossing  per  linear  foot  amomited  to  $12.60. 

Cost  of  Concrete  Sewer  Pipe  at  Bellingham,  Wash. — H.  A.  WhitDfljj  glvil 
the  following  in  Engineering  and  Contracting,  Feb.  8,  1911. 

The  city  of  Bellingham,  Wash.,  is  using  cement  and  concrete  pipe  for  stoim 
water  sewers.  This  pipe  is  made  under  a  guarantee  by  the  manuf actunn. 
While  the  city  does  not  stipulate  any  process  of  manufacture  as  long  as  tbB 
finished  product  conforms  to  the  specifications,  all  the  cement  pipe  used  It 
made  by  one  local  concern  and  gives  satisfactory  results,  as  compared  to  ttai 
vitrified  clay  sewer  pipe.  All  sizes  of  pipe  from  4  ins.  to  24  ins.  ai6  "^^^yh*^ 
made.     The  process  is  as  follows: 

A  flask  made  in  halves  is  placed  around  a  cast  iron  core,  in  a  vertical  posi- 
tion. The  cement  is  placed  in  the  annular  space  thus  formed  In  batohem  drf 
mixed,  having  8  per  cent  to  10  per  cent  water.  As  the  cement  is  depodted 
in  the  mold  it  is  automatically  tamped  with  a  wood  tamper  running  at  ttai 
rate  of  five  blows  per  second.  The  core  in  the  meantime  Is  kept  atationaiy 
while  the  pipe  is  revolved  around  it,  thus  giving  a  smooth  glazed  efltet  to  ttai 
inside.    The  actual  cost  to  the  manufacturer  is  as  follows: 
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4-in.  pipe 4  eto.  per  H^     i 

6-in  pipe 7  ot«.  per  ft. 

8-in.  pipe 14  cte.  per  ft. 

10-in.  pipe 19  cte.  per  ft. 

12-in.  pipe 26  cts.  per  It. 

15-in.  pipe 35  cte.  per  ft. 

18-in.  pipe. 50  ota.  per  ft. 

20-iii.  pipe. 65  eta.  per  ft. 

The  above  costs  are  based  upon:  Cement  at  $2.30  per  bbl.;  sand  at  $1.10 
cu.  yd. ;  gravel  at  $1.20  per  cu.  yd. ;  labor  at  $2.26  per  day,  8  brs.;  foremah 
14  per  day,  8  hrs. 
[lie  pipe  as  sold,  delivered  upon  the  line  of  work  at  the  f crowing  fates: 

4-iii.  pipe 11      cts. 

6-in.  pipe 16H  cts. 

8-iii.  pipe 22H  cts. 

lO-in.  pipe S2H  cts.       ' 

12-in.  pipe 40     cts. 

15-in.  pipe 60     cts.  * 

18-in,  pipe 76     cts. 

20-in.  pipe 90     cte. 

The  difference  in  manufactured  and  delivered  price,  represents  hauling, 
akage  and  profits. 

^ost  of  8-Ft.  Circular  Reinforced-concrete  Sewer. — ^The  following  labor- 
t  summary  taken  from  Giigineering  News,  Feb.  18,  1916,  is  for  an  8-ft. 
nilar  reinforced-concrete  sewer  built  between  electric-car  tracks  !fi  a  street 
hin  the  commercial  district  of  San  Francisco  (Howard  St.  from  Sec6nd  St: 
Fourth  St.,  a  distance  of  1650  ft.): 

Unit  Costs  op  8-ft.  Suwbb 

savation $  7 . 86    per  lin.  ft.  $0. 618  per  cu.  yd. 

yang 6.450  per  lin.  ft.  0. 106  per  sq.  ft. 

ms 1 . 766  per  lin.  ft.  0.070 per  sq.  ft. 

b1 1 .480  per  lin.  ft.  0.028  per  lb. 

icrete 6.915  per  lin.  ft.  5.310  per  cu.  yd. 

ck  lining 0 .  691  per  lin.  ft.  0 .  046  per  brick 

ishing 0.348  per  lin.  ft.  0.014  per  sq.  ft. 

ikfill 2.020  per  lin.  ft.  0. 202  per  cu.  yd. 

icellaneous. 0. 567  per  lin.  ft. 

Total I $28,096  per  lin.  ft. 

;*he  pavement  consisted  of  basalt  blocks  on  sand.    During  construction 

street  was  left  open  to  vehicular  traffic.    Ordinary  labor  was  at  the  rate 

t0.37K  per  hr.  and  superintendence  at  $0.50  and  $0,625  per  hr. 

Abor  Costs  on  Concrete  Sewers. — D.  B.  Davis,  gives  the  fo^owihg  in 

peering  and  Contracting,  April  14,  1920. 

*he  data  show  the  labor  required  and  the  procedure  followed  in  consthicting 

)-in.  diameter  monolithic  concrete  sewer  in  Richmond,  Ind.,  on  which  semi- 

ular  forms  were  used.     The  contractor  had  100  lin.  ft.  of  the  half  circle 

ns,  Ot  which  he  used  50  ft.  for  invert  and  50  ft.  for  the  arch.     The  concrete 

i  machine  mixed ;  the  wheel  being  about  100  ft.  from  the  mixer  to  the  forms. 

i  m«i  were  good  workers. 

The  order  at  the  day's  work  was  as  follows: 

10  a.  m.  to  9:30  a.  m. — Sliding  invert  forms  ahead  and  setting. 

30  a.  m.  to    11:16  a.m. — Pourmg  concrete  invert. 

16  a.  m.  to   2:30  p.  m.  (1  hour  for  dinner) — Moving  and  setting  arch  forms. 

30  p.  m.  to  4:00  p.  m. — Pouring  concrete  arch. 

00  p.  m.  to   6:30  p.  m. — Pouring  flow-line  strip  2  ft.  wide. 
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The  labor  required  for  a  day's  run  of  50  ft.  of  sewer  was: 

Total  labor, 
hours 

Invert  forma — 8  men  in  ^ang 24 

Pouring  invert — 12  men  m  gang 21 

Arch  forma— 6  men  in  gang 13 

Pouring  arch — 10  men  in  gang 15 

Poiuing  base  strip — 10  men  in  gang 18 

Total  labor,  hours 91 

Or  1.82  labor  hours  per  lineal  foot. 

The  organization  of  concreting  gang  was: 

2  men  spreading  and  tamping  concrete  about  forms. 

3  men  shoveling  gravel  in  mixer. 

4  men  wheeling  concrete  a  distance  of  100  feet. 

1  man  running  concrete  mixer. 

2  men  setting  metal,  etc. 

The  extra  men  used  for  pouring  concrete  were  taken  from  the  gangs  doins 
excavation. 

The  following  data  shows  the  labor  required  to  build  a  48-in.  dianMt^' 
monolithic  sewer,  using  complete  circular  forms.  The  contractor  had  ^ 
sections  of  form,  each  section  was  6  ft.  long.  When  these  were  assembled  tt 
made  a  length  of  35  ft.  The  concrete  was  machine  mixed  and  the  whed  ^ 
concrete  was  about  90  ft.  The  workmen  were  exceptional  and  the  conditiotf 
good. 

The  labor  required  for  a  day's  run  of  35  ft.  of  sewer  was: 

4  men  working  2^  hours  each  removing  and  resetting  six  sections  of 

complete  circular  forms,  or  total  of 10  hoof* 

4  men  working  6  hoiu-s  each  and  7  men  working  2  hours  each  pouring 
concrete  for  complete  circle  and  for  flowline  strip,  changing  runs, 
etc.,  or  total  of 38  hog* 

Total  labor  required  for  35  ft 48  houl* 

Or  1.37  labor  hours  required  for  each  lineal  foot. 

The  labor  required  to  build  175  ft.  of  42-in.  monolithic  sewer,  using  tli0 
complete  circular  forms  with  the  same  gang  as  above,  was: 


First  day's  work,  poured  flow-line 

Second  day's  work,  built  35  feet  complete  sewer. 

Third  day  s  work,  moving  forms  (rain) 

Fourth  day's  work,  built  35  feet  complete  sewer. . 
Fifth  day's  work,  built  35  feet  complete  sewer. . . 
Sixth  day's  work,  built  35  feet  complete  sewer. . . 
Seventh  day's  work,  built  35  feet  complete  sewer. 

Total  labor  for  175  ft.  of  sewer 

Or  1.05  labor  hours  required  i>er  Un.  ft. 


In  building  245  ft.  of  36-in.  monolithic  sewer  using  complete  dicular  fonal* 
the  gang  built  35  ft.  of  sewer  each  day. 

It  required  31H  hours  each  day  for  7  days  or  total  d  230  houn.  Or  0.00 
labor  hours  required  per  lineal  foot. 

It  will  be  observed  that  it  requires  approximately  the  some  number  of  lab<' 
hours  on  the  form  labor  for  the  36-in.,  the  42-in.  and  the  48-iii.  dieoHf 
sewers. 


J 


hmra  tbe  standanl  tyjx  at  moiuilithki  taouttt 

ind,  Ind.  and  tbe  cost  per  Unea]  loot  at  labor  to 
4B-1II.  Bcrwei. 


[Abor  cost  of  buildios  monolithic 


coetB  are  plotted  on  tbe  (oUowing  baals: 
ae  in.  diuD.  requim  0.90  hours  per  lis.  j 
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[icipol  dimecslDiia  of  the  plpa  are  ita  tollom: 


Coal  of  fl-Ft.  Semi-cicculu  Coocrete  Storm  T&tiir  Sewer.  Webb  atr.  Hi. 

B.  W,  Robinson  gtvee  the  tollowtng  costs  In  Englneerlne  and  ContncUili 
Jul}'  9,  1913,  of  citnstnictiDg'  184  It,  ot  stomi  wat«r  sewer  through  a  lumM 


The  sectloQ  showD  lo  Fis,  6  waa  Belected  for  the  reason  that  BuffldcDt  daptt 
was  not  available  for  a  circular  section  of  the  same  area.  Eren  as  cvoitiuctil 
the  top  of  the  concrete  was  only  slightly  over  1  ft.  below  the  auifaca  if  tW 
ground.  A  flat  reinforced  top  was  not  uaed  for  the  reason  that  It  would  hki* 
cost  more,  concrete  materials  being  so  cheap  In  thb  district  that  It  pay*  !■ 
reduce  or  eliminate  steel  wherever  possible.  The  only  relnfondog  uaad  n* 
under  the  cement  house  where  three  pierg  that  support  one  end  of  the  hoMi 
rest  on  the  crown  of  the  arch.  Three  J'j-ln.  round  rods  were  Imtnrtml  uodM 
each  pier  as  an  additional  factor  of  safety. 

The  excavated  material  was  creek  gravel  and  clay,  mostly  fill,  aodmxW 
loosened  and  removed.  From  the  cement  bouse  to  the  upper  end  the  ueaT*- 
tion  was  carried  on  by  means  of  a  plow  and  slip  scrapers.  All  Other  oMn- 
tlon  was  taken  out  with  pick  and  shovel  and  reshoveled  Into  wagom  wtaht 
were  dumped  about  100  yds.  from  the  site.  No  supports  were  needed  ondV 
the  projecting  end  of  the  cement  ahed  for  the  reason  that  It  was  nearly  ttaj/tl 
all  the  time  and  was  well  supported  by  numerous  olhar  iilcm.  Tha  toUl  tat 
rorexcavating250cu.  yds.  wasSB5.T2,  oraunltcostcrfabout  37eta.p*ranlria 

The  base  or  invert  was  &iBt  concreted  and  altowAd  to  set  b«(ora  tha  Mdi  wH 
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rted.  Two-by-fliz  xttooes  were  used  for  the  aide  ionaM,  and  were  Mt  aodur- 
ly  to  line  and  grade  from  a  line  of  center  stakes.  A  Cdtrin  oontinuoof 
!cer.  No.  9,  was  mounted  upon  the  bank  of  the  trench  and  the  concrete  was 
ited  into  the  ditch  and  wheeled  some  50  ft.  each  way.  The  concrete  was 
ced  to  approximately  the  prop^  thickness,  tamped  well  and  shaped  to  the 
d  contour  with  a  drag  cut  to  the  proper  radius.  From  >^  to  H  in.  of  1  to 
ement  mortar  was  troweled  on  the  invert  before  the  concrete  had  taken  Its 
ial  set.  The  side  walls  were  brought  up  1>^  ins.  above  the  base  by  laying 
C  4-in.  scantlings  on  the  finish  and  holding  them  in  place  by  short  pieeea 
led  to  the  side  forms  and  by  filling  behind  with  concrete  to  the  top.  This 
I  done  to  allow  the  arch  forms  to  be  wedged  up  and  not  let  concrete  flow 
ler  the  sides.  Gravel  was  brought  to  the  mixer  by  wagons,  and  three  men 
,he  machine  kept  up  a  continuous  flow  of  concrete  into  the  trendi.  Three 
1  placed,  tamped  and  dragged  the  concrete  and  two  men  mixed  and  placed 
mortar  finish.  The  whole  33  cu.  yds.  of  concrete  in  the  invert  was  placed 
Line  hours,  though  some  time  was  lost  in  getting  gravel  to  the  feeder  and  in 
vlng  the  machine. 

The  form  of  arch  centering  used  is  shown  in  Fig.  6.  Two  16-ft.  sections 
e  made,  consisting  of  No.  2  yellow  pine  flooring  nailed  to  ribs  consisting 
;wo  thicknesses  of  ^-in.  pine  about  5  ins.  in  depth.  The  ribs  were  cut  at 
crown  and  were  hinged  with  6>in.  strap  hinges.  The  bottoms  were  heUA 
u  to  be  rigid  yet  easily  taken  ofiP.  There  were  seven  ribs  to  each  section. 
«ed  2  ft.  6  ins.  c.  to  c.  Each  section  complete  weighed  about  760  lbs.  and 
3  easily  handled.  The  first  section  or  aroh  that  was  concreted  was  not 
dged  far  enough  up  off  the  base  at  the  center,  which  with  the  swelling  of  the 
od  caa<ied  an  exceeding  tight  fit,  and  it  was  necessary  to  take  off  th^binges 
the  crown  and  take  the  centering  out  in  halves.  However  no  other  trouble 
s  experienced,  and  four  men  would  take  down  and  set  up  both  outside  and 
ilde  forms  for  a  15-ft.  section  in  an  hour.  The  outside  forms  consisted  of 
0. 2  1  X  4-in.  yellow  pine  nailed  to  2  X  4-in.  ribs,  made  up  in  16-ft.  sections. 
b^ey  reached  from  the  bottom  up  to  about  two-thirds  of  the  heighth  of  the 
tih,  and  were  held  in  place  by  stakes  and  braces  from  the  bank  of  the  trench. 
In  mixing  and  placing  for  the  arch  the  concrete  could  not  be  chuted  into 
lace  for  the  reason  that  the  top  of  the  forms  were  so  near  the  level  of  the 
n)und.  One  man  shoveled  from  the  mixer  and  two  men  placed  and  tamped 
•  The  concrete  for  the  lower  part  of  the  arch,  as  far  as  the  outside  forms 
(tended,  was  mixed  wet  enough  to  flow  easily  into  place  ahd  required  little 
^ping,  but  the  top  was  mixed  with  less  water,  just  enough  being  used  to 
Bnnit  tamping  the  concrete  thoroughly  and  yet  have  it  stay  in  place.  Five 
ifin  would  complete  a  15-ft.  section  of  arch  in  two  hours,  consisting  of  one 
our  actual  run  and  one  hour  of  preparation  and  cleaning  up.  The  construe- 
<ni  of  the  arch  was  started  at  the  center  of  the  sewer  and  alternate  sections 
vrebuUt  each  way  each  day.  This  allowed  the  concrete  48  hours  to  set 
efoie  removing  the  centering. 

All  concrete  was  mixed  in  the  proportion  of  one  part  Portland  cement  to 
re  parts  of  "chats"  or  "mill  tailings."  The  latter  is  the  by-product  of  the 
Be  and  lead  mines  of  this  district  and  can  be  had  for  the  hauling.  In  this 
■IK  tile  nearest  suitable  pile  was  a>t  such  a  distance  that  1  cu.  yd.  an  hour  was 
e  best  the  teamsters  could  do.  It  consists  of  crushed  white  and  blue  flint 
oging  in  size  from  He  to  ^  in.  in  size,  with  sufficient  of  the  finer  material 
pmctically  fill  the  voids  in  the  larger.  When  mixed  wet  in  the  proportion 
1  to  5  a  veiy  dense  concrete  was  produced. 
45 
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The  following  data  give  the  actual  cost,  except  overhead  chaiges  and  bade 
filling,  reduced  to  lineal  foot  of  sewer: 


Lineal 
ft.  of 

_  sewer 

Excavation: 

259  cu.  yds.  at  37  cts $0.5202 

Lumber  (two  2  X  6)  2  ft.  B.  M.  at  2^  cts 0.0450 

Labor,  two  men  0.163  hrs.  at  22^  cts 0.0338 

Base — concrete  in  place  (1.18  cu.  yds.  per  lin.  ft.): 

Foreman,  at  30H  cts.  per  hr 0.0209 

Laborers,  8,  at  22%  cts.  per  hr *  0. 1304 

Mixing  machine,  at  SI  per  hr 0.0489 

Cement,  $1.60  per  bbl.  on  job 0.3152 

Gravel,  at  38^  cts.  per  cu.  yd.  on  job 0.0655 

Sand,  at  8  cts.  per  cwt.  on  job 0.0156 

Arch — forms  (two  15-ft.  sections): 

Mill  work  on  circles,  labor  and  material 0 .  1033 

Hinges,  nails,  wedges,  etc 0.0258 

Lumber,  at  $2.75  and  $2.25  per  100,100  ft.  B.  M 0.0680 

Labor,  2  men,  at  25  cts.  per  hr 0.0245 

Arch — concrete  in  place  (0,237  cu.  yds.  per  lin.  ft.): 

Foreman,  at  30^  cts.  per  hr 0.0598 

Laborers,  5,  at  22%  cts.  per  hr 0. 2265 

Mixing  machine,  at  $1  per  hr 0.0745 

Gravel,  at  38%  cts.  per  cu.  yd.  on  job 0.0923 

Cement  at$1.60  per  bbl.  on  job 0.6043 

Total  per  lin  ft.  sewer 

Total  per  cu.  yd.  of  concrete 


Total 
lineal 
ft.  of 
sewer 

$0.5202 


0.0788 


0.6055 


0.2216 


1.0S74 

S2.48S5 
6.066 


Nine  hours  was  a  day's  work  and  common  labor  was  paid  %2  per  day  to 
concreting  and  $1.75  for  excavation.  The  above  price  for  excavation  indiMM 
a  foreman  at  $2.75  per  day  and  teams  at  $3.50  per  day.  The  mixing  iw<*iittw 
belonged  to  a  local  contractor  and  was  rented  for  $1  per  hour.  The  wcnk  wai 
stopped  twice  on  account  of  rain,  but  most  of  the  time  the  weather  was  ideal 
for  concreting. 

Cost  of  a  Large  Concrete  Sewer. — ^E.  T.  ThurstOQ  gives  the  followliv  ^ 
Engineering  and  Contracting,  Sept.  12,  1017. 

The  work  consisted  of  the  complete  construction  of  450  ft.  Q(  ML  64n.  X 
9-ft.  standard  horseshoe  section,  reinforced  ctmcrete  sewer,  100  ft.  6-ft.  tt-ln. 
X  9-ft.  extra  heavy,  horseshoe  section,  reinforced  concrete  sewer  under  ft4- 
track  main  line  railroad  crossing,  908  ft.  7-ft.  6-in.  diameter,  circular^eetloa. 
reinforced  concrete  sewer  with  vitrified  brick  invert,  and  2,605  ft.  6-ft.  %4sl  X 
7-ft.  9-in.  egg-shape,  reinforced  concrete  sewer  with  brick  invert  (imdudinf  e  I 
90*^  curve  of  21  ft.  radius  and  two  10-ft.  taper  sections  connecting  the  xe^MO-  I 
tive  standard  sections),  representing  a  total  length  of  4»178  ft.  at  MMr.  1 
Auxiliary  structures  comprising  18  standard  brick  manholes,  26  ujumti  I 
catch  basins  and  catch-basin  connections  consisting  of  70ft. of  18-ln.  iHililtll  I 
pipe  and  1,724  ft.  of  12-in.  vitrified  pipe  are  not  included.  The  wmr  M  I 
most  of  its  length  runs  in  a  100-ft.  street,  its  center  line  beiiig  located  SS  ft.  I 
from  the  center  line  of  the  street,  and  from  8  to  10  ft.  from  the  oeoter  Une  tf  •  I 
single-track  electric  street  railway,  the  operation  of  wUcb  WH  ■wvpflodii  I 
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during  construction.    The  required  excavation  was  from  9  ft.  to  20  ft.  6  in. 
deep,  averaging  15  ft.  3  in. 

For  the  first  1,000  ft.  the  excavation  averaged  12  ft.  in  depth  through  a  layer 
of  heavy,  black  gumbo  about  6  ft.  thick,  overlying  black,  muddy  silt  carrying 
considerable  water  and  in  places  approximating  quicksand.  The  conditions 
required  close  sheeting  and  heavy  timbering  and  much  trouble  was  had  with 
sloughing  sides  and  seeping  water.  This  changed  gradually  to  stiff  yellow 
day  mixed  with  black  gumbo  overljring  water-bearing  gravel  and  finally  to 
very  stiff  yellow  clay,  difficult  for  the  steam  shovel  to  handle  without 
the  assistance  of  its  crowding  engine.  For  two-thirds  the  length  ci  the  trench 
the  ground  required  constant  attention  and  careful  shoring  to  ensure  against 
cave-ins  Ten  street  intersections  were  crossed,  six  of  which  carried  live 
sewers  and  water  mains  and  one  carried  a  4-track,  main-line  railroad,  one  a 
2-track  intenirban  railroad  and  one  a  3-track  electric  street  railway,  a  ccmcrete 
sewer  culvert  and  a  network  of  heavy  water  mains.  The  work  was  com- 
menced in  the  middle  of  March,  1914,  and  was  completed  with  the  end  of 
October,  1914. 

Organization  and  Equipment. — ^The  original  working  equipment  consisted 
of  a  steam  shovel,  two  concrete  mixers  supported  on  trucks,  charging  barrows, 
concrete  hoppers  and  chutes,  2-yd.  dump  wagons,  slip  scrapers,  2  diaphragm 
pumps,  1  gas-driven  centrifugal  punq)  and  miscellaneous  small  tools  such  as 
shovels,  picks,  mattocks,  German  hoes,  etc.  A  locomotive  crane  with  equip- 
ment of  dump  buckets  was  added  later. 

The  working  force  consisted  of  a  superintendefit,  a  time-keeper,  an  engineer, 
6  foremen  (overseeing  respectively  the  finishing  of  the  excavation,  the 
shoring  and  lagging  of  the  trench,  the  concrete  work,  the  steel  reinforce- 
ment, the  handling  of  forms  and  the  extra  gang  constructing  catch- 
basins  and  outlying  manholes  and  connections  with  same,  gutters,  curbs, 
etc.),  the  steam  shovel  crew,  a  general  mechanic,  carpenters  and  labor- 
ers; to  which  was  subsequently  added  an  engineer  and  a  signal-man  for  the 
locomotive  crane. 

The  superintendent  had  active  general  charge  of  the  work,  assisted  by 
the  engineer,  who  in  addition  attended  to  overseeing  the  manufacture  and 
handling  of  the  forms  and  the  bending  of  steel  reinforcement,  the  forms  being 
designed  at  the  main  office,  the  ribs  sawed  out  to  order  in  a  planing  mill  and 
the  forms  made  up  on  the  Job.  Had  it  not  been  impossible  at  the  commence- 
ment of  the  work  to  secure  a  general  superintendent  that  was  competent  to 
read  and  interpret  plans  and  specifications,  the  engineer  would  not  been 
necessary,  and  during  the  latter  half  of  the  work  his  services  were  dispensed 
with. 

The  timekeeper  kept  a  carefully  segregated  record  of  time,  employing  a 
mnemonic  system  of  record  and  making  four  round  trips  per  day  over  the  entire 
work  to  secure  a  dassified  record.  He  also  assisted  in  keeping  track  of 
materials  and  supplies  and  made  out  and  forwarded  the  superintendent's 
daily  report  to  the  head  office. 

The  excavation  foreman  had  charge  of  a  gang  of  about  30  laborers  which 
followed  the  steam  shovel,  shored  or  lagged  the  trench,  finished  the  trench  to 
size,  line  and  grade  by  templet,  excavated  street  crossings  and  installed  the 
underdrains.     The  excavated  material  was  handled  out  of  the  ditch  by  stages. 

The  concrete  foreman  supervised  the  work  of  a  gang  of  10  men  mixing  and 
placing  concrete  and-  asslBting  the  foreman  cari)enter  in  handling  the  forms. 
.   The  steel  f<»anaa  had  one  or  two  assistants  and  when  not  engaged  in 
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placing  reinforcement  the  gang  was  kept  fairly  busy  bending  it  into  the  sh^pe 
required. 

The  foreman  in  charge  of  the  extra  gang  had  a  dozen  or  more  men,  depend- 
ing on  the  demands  of  the  more  important  part  of  the  general  work. 

General  Plan  of  Operation. — This  required  that  the  finishing  gang  keep  don 
behind  the  steam  shovel,  but  owing  to  the  fact  that  the  latter  was  limited  in 
depth  of  cut  to  about  16  ft.  and  as  the  groimd  was  of  an  extremely  imstabto 
nature  and  the  excavated  material  very  wet  and  difficult  to  handle,  it  was  found 
impossible  even  approximately  to  follow  this  plan.  The  fact  that  the  street 
crossings  had  to  be  excavated  entirely  by  hand  also  delayed  the  progrefls  of 
the  finishing  gang.  For  this  reason  the  numerous  delays  in  the  steam-flbovel 
work  really  retarded  the  general  progress  very  little.  At  one  time  the  nboTet 
was  850  ft.  ahead  of  the  finishing  gang. 

After  the  trench  had  been  finished  to  exact  size  and  imderdrain  instaUedi 
the  invert  reinforcement  was  placed,  then  the  invert  forms,  after  which  tbe 
first  of  the  two  mixers  was  moved  into  place  and  the  invert  poured.  At  tlie 
expiration  of  two  days  the  forms  were  removed  and  brick  invert,  if  any  was 
required,  laid,  after  which  the  arch  reinforcement  was  placed;  then  the  arch 
forms  set  in  place  and  braced,  and  the  balance  of  the  concrete  poured  with  tbe 
second  mixer.  The  sides  were  poured  first  and  after  the  concrete  had  set  the 
wing  forms  were  adjusted  and  braced  and  the  top  poured,  the  sides  and  aidi 
generally,  but  not  necessarily,  being  poured  on  different  days. 

After  sufficient  time,  in  the  opinion  of  the  inspectors,  had  elapsed,  generally 
about  a  week,  backfilling  was  proceeded  with  by  ii^eans  of  a  team  wiUrfll4> 
scraper,  driver  and  holder,  scraping  into  the  trench  that  portion  of  the  exca- 
vated material  that  had  been  dumped  alongside  for  that  purpose.  The  loon 
fill  being  thus  completed  up  to  within  about  a  foot  of  the  surface  of  the  groavi 
the  whole  ditch  was  fiooded.  Additional  fill  to  bring  the  trench  up  to  fub- 
grade  was  brought  by  team  direct  from  the  steam-shovel  excavatioiL  Tbi 
trench  being  thus  filled  practically  to  the  level  of  the  pavement  it  was  leA 
until  near  the  end  of  the  job  when  the  entire  work  of  repavlng  was  dons  u  ooa 
Job. 

Excavation. — The  main  excavation  was  done  with  a  steam  shovel  mounMl 
on  trussed  cross-timbers  supported  on  hardwood  rollers  running  on  boaidi 
laid  on  either  side  of  the  proposed  trench,  spanning  about  20  ft.  on  oentaDi 
the  outfit  pulling  itself  along  as  required  by  means  of  a  cable  attached  to  • 
deadman  ahead.  The  shovel  was  especially  equipped  with  a  1-cu.  yd.  dlpiitf 
on  a  long  dipper  stick  enabling  it  as  mounted  to  dig  about  16  ft.  below  gndS' 

The  outfit,  assembled  as  described,  just  as  it  had  been  returned  fram  • 
similar  job  some  3  years  before  was  rented  for  $250  per  month  on  the  aaninnoB 
that  the  boiler  and  engine,  though  dirty  and  rusty,  were  in  good  woricing  order. 
the  boiler  having  received  new  tubes  just  before  it  was  laid  up  In  the  yuA. 
Two  days  overhauling  and  inspection  by  a  complete  crew  and  the  oontnclorii 
supervision  engineer  resulted  in  a  favorable  report  on  the  shovel,  but,  wltlilD 
the  rental  x)eriod,  the  boiler  tubes  were  reroUed  imtil  they  had  to  be  relnfoned. 
the  boiler  required  sheathing  and  a  new  idler  pulley,  new  bronze  gear  pinkflt 
new  friction  strap  and  shoes,  and  ultimately  an  entire  renewal  of  the  citmdiBi 
engine  were  necessary.  Minor  troubles,  &uch  as  chain  breakage,  wen  fl( 
about  daily  occurrence  and  probably  doubled  the  reasonable  cost  of  opentfoa. 

Rental  was  paid  for  161  calendar  days.    Of  these,  22  days  were  nqiibl' 
in  moving  from  storage  to  job  and  return;  20  days  were  UolidajB  or  nlnj  da|l    I 
and  15  days  were  lost  on  account  of  jurisdictional  disputei  botmim  llbBf  'I 
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leaving  104  days  available  for  actual  work.    Of  these  104  woildiig 

were  devoted  wholly  to  repairs  and  renewals,  leaving  only  67  days 

r  cent  of  the  working  time  or  Aiyi  per  cent  of  total  time  on  which 

:cavation,  together  with  incidental  repairing,  was  done. 

Bnt  material  for  backfilling  was  pUed  on  one  side  of  the  trench  and 

ice  of  the  excavated  material  was  dumped  direct  into  wagons  moving 

ther  side.     In  addition  to  the  shovel  crew,  three  attendants  were  in 

required  for  miscellaneous  work,  principally  keeping  street  dean 

ragons,  watching  trench  banks  for  signs  of  failure,  jdanting  and  thift- 

Imen  and  attending  rollers  while  moving  ahead.    Owing  to  the 

kl  limitations  of  the  machine  and  the  weakness  or  entire  uselessness 

>wding  engine,  which  limited  the  control  and  power  of  the  dipper,  the 

not  carried  as. close  as  desirable  to  the  finish  lines  on  the  sides  and 

and  an  average  of  about  6  in.  on  either  side  and  from  6  in.  to  5  ft.  in 

im  was  left  for  the  finishing  gang  to  remove. 

ench  as  dug  by  the  shovel  varied  from  12  fW  to  7  ft.  wide  and  from 

.5H  ft.  deep,  and  the  material  was  mostly  black  gumbo  and  sandy 

jr  digging  except  in  the  last  quarter  of  the  work,  where  stiff,  sandy 

rglng  into  hardpan,  was  Micountered,  and  with  a  crippled  crowding 

le  digging  was  found  difficult. 

ovel  crew,  working  8  hours  per  day,  6  days  per  week,  with  time-and- 

ranee  for  overtime  and  double  time  for  working  Sundays  and  hoUdayi, 

d  the  following: 

^  Per  day 

and  board 

hovel  engineer $6.00 

lan 4.26 

8.00 

attendants 2.  fiO 

as  99.00  per  ton  delivered. 

ing  the  statement  of  the  i>erformance  of  the  steam  shovel: 

Stkam  Shovel  Pbrfobmancb 

Per 
Days     Mat'I.      Labor       Total        on.  yd. 

ing  outfit 4M  t S      70     $      70      $ 

n  and  off  job — 

;  >4  iiuIg  Ai^d  loading  on 

5  42  318  350       

ing  and  setting  up  on  job. .       5H  7  110  117       

both  ways 5  60     60       

;  off  job  K  zoile  and  loading 

r 3H  7  130  137       

ng  and  returning  ^  mile 

ner 3        100  100       

isation  insurance  on  labor 40     40        


or  moving 22  $     156  S     658  $     814  $0,063 

and  labor 161  $1 .356  $1 .494  $2,850  $0,228 

d  oil  (coal  i^t  $9  per  ton) 1 ,063     1 .063  0.082 

isation  insurance 113     113  0. 008 

and  renewals 37  256  474  728  0.056 


perationcoet 67       $2,788     $1,968     $4,754       $0,366 

Quantity  of  material  handled  (13,000  cu.  yd.)  is  given  as  originally 
necessary  to  be  done  and  takes  no  account  of  extra  material  handled 
'  slideB  and  failure  of  banks. 


710  HANDBOOK  OF  CONSTRUCTION  COST 

The  best  day's  performance  of  the  shovel  was  109  lin.  ft.  of  trench  or  about 
345  cu.  yd.  excavating  to  a  depth  of  about  12  ft.  6  in.  Toward  the  end  of  the 
job,  while  excavating  to  its  maximum  depth  of  16  ft.,  its  best  day's  work  wai 
60  ft.  of  trench  or  220  cu.  yd.  The  shovel  averaged  194  cu.  yd.  for  each  day 
In  which  digging  was  done  and  125  cu.  yd.  for  each  available  working  day. 
In  considering  the  performance  record  it  should  be  borne  in  mind  that  tbe 
necessity  for  storing  a  portion  of  the  excavated  material  along  the  trench  fbr 
subsequent  backfill  enabled  the  shovel  to  keep  at  work  legardless  of  wbettwr 
the  dump  wagons  were  spotted  promptly  for  loading,  thus  materially  redudog 
what  is  usually  the  controlling  factor  in  steam-shovel  output. 

Hand  Excavation  and  Trimming. — The  finishing  gang  with  picks,  absfrtk, 
German  hoes  and  mattocks,  did  all  the  excavation  left  by  the  steam  aboYdi 
and  finished  the  trench  carefully  to  size,  shape,  line  and  grade  and  laid  an 
underdrain  of  4-in.  tile  covered  with  gravel  which  carried  the  seepage  water 
to  sumps  constructed  at  intervals  of  about  600  ft.,  which  in  turn  were  reUevad 
by  an  electrically  operated,  2-in.  centrifugal  pump,  tended  chiefly  by  the 
general  mechanic.  During  the  first  two  months 'the  gang  comprised  about 
30  laborers  at  $2.50  per  day  (8  hours),  a  straw  boss  and  interpreter  (ItaUas) 
at  $3.75,  and  a  foreman  at  $5.  The  excavated  material  was  shoveled  by 
stages  to  the  surface  of  the  ground  and  thence  into  wagons.  This  portion  of 
the  work  in  particular  was  in  very  wet  ground,  necessitating  the  oqnstnictloii 
of  dams  of  sacks  of  sand  and  the  use  of  a  2-in.  centrifugal  pump  aod  a  3-iiL 
diaphragm  pump.  Latterly,  a  5-ton  locomotive  crane  with  outfit  d  dump 
buckets  was  secured  and  mounted  on  the  street  car  track  alongside  the  trenobi 
greatly  facilitating  the  work.  There  was  less  mud  to  contend  with  in  tbe 
portion  of  the  trench  served  by  the  crane. 

Preceding  the  finishing  gang  and  inmiediat^y  behind  the  steam  shovsL  a 
lagging  gang  of  from  2  to  5  men  at  $2.50  and  $2.75  per  day,  under  a  foreman  at 
$4  per  day,  placed  necessary  shoring  and  lagging.  The  bracing,  where  Sboelp 
ing,  was  required,  comprised  2  lines  of  6  X  8  rangers  on  either  side  with  6  X 
8  spreaders  on  6  to  8-ft.  centers  and  2-in.  X  12-in.  sheethig  was  driyoa  bsUnd 
these  rangers,  a  total  of  29,000  ft.  B.  M. ;  2-in.  plank  was  used  forthls  laggiiili 
very  little  of  which  was  recovered  intact.  In  addition  16,00  ft.  B.  If.- 
Oregon  pine  lumber  were  used  for  rangers,  spreaders,  etc 

The  total  cost  of  deepening  and  finishuig  trenches  to  templet  after  nmgh 
work  had  been  done  by  the  steam  shovel  (except  at  street  crossings  which  tbt 
shovel  hud  to  skip  and  which,  therefore,  was  all  hand  work)  and  depositing 
material  either  in  spoil  bank  or  in  wagons  (except  the  section  through  unim- 
proved street,  which  was  all  hand  work  under  superior  working  condltioni and 
from  which  all  material  was  spoiled  along  the  tr«ich)  was  as  follows,  lafrw^'* 
receiving  $2.50  and  $2.75  per  day  and  foreman  $3  per  day: 


Quantity, 
cu.  yd. 

Hand  work,  by  stages 1 ,  800 

Hand      work,      crane      and 

bucket 3,100 

Hand  work,  by  stages, 
through  unimproved 

street 1,700 

Tools,  etc 


Total 6,600 


Mafl. 

Labor 

Total 

$ 

$4,382 

$4,882 

ti.a 

766 

3.050* 

8.825 

i.tt 

"422 

1,553 
58 

1.M8 
480 

S10.240 

.81 

$1,188 

$9,0fi2 

81.ii 

J 
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if  oimanoe  of  the  crane  alone  is  summarized  as  f  oUows,  engtoeer  on 
siring  $6  per  day  and  signalman  $5  per  day: 

Per 

Mat'l.      Labor       Total        eu.  yd. 

ae  (96  days) $624  ....       I    624  10.201 

:ket8 63         68  .020 

ad  cartage 15         15  .005 

and  repairs 0  $  37  36  .012 

etc 56         65  .018 

{ineer  and  signalman) 864  854  .  270 

ition  insurance 69         60  .028 


$836    $891   $1,726   $0,556 

9  cu.  yd.  handled.) 


—The  f^ms  for  invert,  sides  and  arch  of  each  standard  section  were 
Bd  of  IH^n.  solid  and  IK-in.  and  2K'in-  built-up  ribs,  and  1X3 
6  tongue  and  groove  sheathing.  The  ribs  were  sawn  to  detail, 
from  mill  to  job  in  the  knockdown  and  there,  with  sheathing,  assem- 
units.  The  invert  unitis  were  made  in  one  piece,  but  those  of  the 
vxe  pieces  designed  to  collapse  on  removal  of  separator  at  bottom 
oved  forward  in  sections.  The  arch  and  invert  forms  for  the  two 
sr  sections,  Joining  sewers  of  different  shape  and  size,  were  built  in 
ribs  d^vered  sawn  to  detail.  The  forms  for  a  90**  bend  of  21-ft. 
re  assembled  and  built  in  three  sections  comprising  aroh  and  stdee 
d  three  invert  sections,  on  ribs  taken  from  discarded  straight  units, 
ed  into  i^ace  bodily. 

rms  for  the  8-ft.  6>in.  X  9^t.  horseshoe-shape  and  the  7-ft.  6-in. 
iwers  were  made  in  units  10  ft.  long,  but  these  were  found  too  bulky 
mns  for  the  ardh  and  sides  of  the  5-ft.  9-in.  X  7-ft.  6-in.  eggnshape 
e  therefore  made  in  8-ft.  units;  200  ft.  of  arch  and  100  ft.  of  invert 
■e  made  for  the  horseshoe^ape  sewer,  200  ft.  of  arch  and  invert 
the  circular  sewer,  and  320  ft.  arch  and  100-ft.  invert  forms  for  the 
sewer.  The  quantity  was  about  right  for  the  last-named,  but 
t  to  be  excessive  by  about  50  per  cent  for  the  others,  due  to  errone- 
Ipation  of  working  conditions.  The  mill  work  on  these  built-up 
kbout  $23  per  M  ft.  and  on  the  solid  ribs  $10  i>er  M  ft. 
>or  cost  per  foot  of  sewer  built  was  as  follows,  carpenter's  wages 
$3.50  per  day:  Making  forms,  exclusive  of  millwork,  10.2  ct. ;  placing 
idng  forms  51.6  ct.;  miaking,  placing  and  stripping  forms  for  curve, 
foot.  The  forms  were  greased  with  crude  oil  to  facilitate  stripping 
butting  ribs  of  adjoining  sections  were  connected  by  special  bolts 
threads  and  thumb  nuts,  thus  largely  obviating  the  use  of  wrenches 
srating  the  work  of  stripping  and  erecting. 

3g  or  outer  arch  forms  for  the  horseshoe  and  circular  sewers  were 
n  10-ft.  lengths  >of  sheet  steel  reinforced  with  flat  bars,  sufficient  to 
.  of  sewer.  It  was  considered  that  these  forms,  which  were  so  made 
djustable,  by  rebending  over  a  form,  to  suit  the  varying  extradosal 
,  would  serve  the  entire  job,  but  they  proved  somewhat  awkward  to 
id  were  not  used  for  the  egg-shape  sewer,  wooden  forms  being 
d. 

:efHent. — The  bars  were  bent  to  templet  in  the  material  yard  close 
rought  to  the  job  ready  to  place.    To  avoid  treading  the  invert 


712  HANDBOOK  OF  CONSTRUCTION  COST 

reinforcement  into  the  mud  at  the  bottom  of  the  tranch,  it  was  neoeBBuy  to 
lay  boards  in  the  bottom  and  to  tie  the  bars  to  position  after  the  invert  foimB 
were  in  place,  after  wtiich  the  boards  were  removed.  The  arch  reinforcement 
was  placed  before  the  forms  were  set  and  rigidly  tied  and  braced  to  podtioo. 
The  arch  bars  were  required  to  be  bent  slightly  but  sharply  18  in.  from  eadi 
end  so  that  when  wired  at  the  angle  points  to  the  invert  bars  they  were  In 
exact  position.  This  expedient  was  noticeably  effective  in  speeding  up  tbe 
work.  In  all  174,300  lb.  of  reinforcing  steel  was  used,  averaging  50.4  lb.  ptf 
cubic  yard  concrete,  and  cost  to  handle  68  ct.  per  100  lb.,  with  labor  wengfDg 
$2.87M  per  day. 

Concrete. — The  specifications  provided :  "  All  concrete  used  in  the  work  shtU 
be  composed  of  Portland  cement,  sand  and  broken  rock  or  cement  and  gravel 
in  the  proportion  ot  1  cu.  f t.  of  cement  to  2  cu.  f t.  of  sand  and  4  cu.  ft.  of  stone." 

The  contractor's  choice  of  a  concrete  plant  was  governed  by  the  expeiiBDoe 
of  another  contractor  on  a  similar  job  in  a  nearby  locality  and  by  the  fact  tbit 
a  complete  outfit  of  two  mixers  mounted  on  cross-timbers,  with  ga»«ogine 
power,  trucks  and  rails  complete,  was  ready  to  hand  at  a  fair  rental.  The 
rails  were  laid  on  heavy  longitudinal  timbers  on  either  side  of  the  trendi  and 
the  mixers  mounted  directly  over  the  center  of  the  sewer.  One.  mixer  mi 
placed  ahead  to  pour  invert  and  the  other  followed  to  pour  the  aich.  TUi 
plan  was  adopted  to  avoid  delay  involved  in  moving -the  heavy  mMchUnKf 
back  and  forth,  for  the  invert  progressed  at  times  200  ft.  ahead  of  tbe  aicta. 

The  outfit  was  expensive  to  install  (this  item  amounting  to  about  $S0O)i 
difficult  and  expensive  to  move  (requiring  the  entire  concrete  gang,  a  tetm 
of  horses  and  the  undivided  attention  of  the  superintendent)  gave  freqiffl 
trouble  and  often  fiatly  refused  to  perform  at  critical  moments;  and  the  splMik' 
ing  and  dripping  of  the  concrete  out  of  the  mixer  on  the  workmen  beneath 
rendered  the  working  conditions  decidedly  imsatiafactory.  After  tlntB 
months  of  trying  experience,  a  new  12-Kni.  ft.  mixef  on  trucks  and  eqidpiieil 
with  side  loader  and  electric  motor  was  substituted.  The  new  outfit  woiAsil 
alongside  the  trench  and  delivered  the  concrete  to  the  forms  by  means  ot  o|Ni 
metal  chutes.  It  was  specially  fitted  to  be  operated,  fore  and  aft,  by  <■> 
man,  was  easily  moved  and  the  labor  cost  of  mixing  and  placing  theooneittt 
was  thereby  reduced  40  per  cent.  The  progress  of  the  concreting  was  vt^ 
chiefly  dependent  on  the  capacity  of  the  plant,  but  on  the  advaoosDMOt  of 
other  portions  of  the  work,  mainly  tbe  preparaticm  of  the  trench. 

The  forecasting  of  the  work  was  assisted  by  the  following  table  (Tablel)<if 
roughly  approximate  unit  quantities,  from  which  delivery  and  i^aoenMDte' 
material  was  determined  and  performance  of  the  gang  judged  during  the  pnf* 
ress  of  the  work. 

Table  I. — Approximatb  Unit  Quantxtibs 

8'  6"  X  9'  0"  8'  6"  X  9'  0"      7'  6"  dr.     5'  2"  X  T  •* 

Tvpe.  — Standard Heavy —  ^ 

Total    length,    including 

taper  sections 450  ft. 105  ft. 918  ft. ^2,700  ft^ 

Invert   Arch  Invert   Arch  Invert   Arch  Invert  .Aieh 

Concreteperft.,  cu.  yd..      .315  .685  .430  1.000  .185  .630  .148  .^f 

Rock,  per  ft.,  cu.  yd 27  .58  .37  .85  .16  .58  .18  .fi 

Sand,  per  ft.,  cu.  yd 14  .29  .19  .43  .08  .27  .07  -g 

Cement,  per  ft.  bbl 45  .98  .62  1.44  .27  .91  .21  .^ 

Rock,  per  25ft.,  cu.  yd..         7  15  9  21  4  18  8  ^i 

Sand,  per  25  ft..  cu.  yd..         3  7  6  11  2  72* 

Cement,  per  25  ft.,  bbl...        12  25  16  36  7  88  5  » 


5       »      i 

J 
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The  cost  of  the  conerete  work  done  by  each  outfit  is  shown  In  the  fc^ow- 
ig:  statement: 

»ld  Mixers:  Material            Labor  Total 

Rent $    502.00  $ $      602.00 

Freight  and  cartage 60.00            157.00  217.00 

Repairs  and  equipment 102.00              86.00  138.00 

Gasoline 53.00  58.00 

SmaU  tools  (H  total) 37.00  37.00 

Plant  expense S    754.00  $     193.00  $      947.00 

Concrete  (1,405  en.  yd.) 6,980.00  2,241.00  9,171.00 

Totals 87.684.00  $2,484.00  810.118.00 

Totals  per  ou.  yd 5.47                1.78  7.20 

Tew  Mixer: 

I>epreciation 8    400.00  8      400.00 

Equipment 81.00  8      83.00  114.00 

SmaQ  tools  (H  total) 38.00  88.00 

Frdcht  and  eartage 18.00              28.00  41.00 

Motor  rent  and  installation 57 .  00  57 .  00 

Power 35.00  85.00 


Plant  expense 8    624.00      8      61.00      8      685.00 

Concrete  (1.686  cu.  yd.) 8.317.00         1,598.00  9.915.00 

Totals 88.941.00      81.659.00      810,600.00 

Totals  per  eu.  yd 5.31  0.98  6.29 

The  average  concrete  gang  on  the  original  outfit  numbered  10  laborus  at 
12.76  per  day,  1  mixerman  at  83  and  1  foreman  at  85;  on  the  new  outfit,  6 
ftboiecB  at  82.75,  2  men  at  83  each  and  1  foreman  at  85.  the  latter  being  dis- 
Edaced  uttimatdy  by  one  (rf  the  83  men  raised  to  83.50.  It  may  be  noted  that 
ihe  labor  cost  of  mixing  and  placing  concrete  was  95  ct.  under  the  new 
mangeaient,  against  81.59  under  the  cdd. 

The  largest  day's  concrete  work  with  the  old  mixers  included  about  60  ft. 
Q(  invert  and  50  ft.  of  arch,  the  invert  being  350  ft.  in  advance  of  the  arch  at 
^  stage;  64H  bbls.  of  cement  were  used,  indicating  43  cu.  yd.  concrete  and 
the  labor  was  as  fellows: 


• 


1  ioteman  at  85 8  5. 00 

2  laborers  at  83 6.00 

10  lab<H«rs  at  82.76 27. 60 

Total  labor 838.60* 

•  Or  80.90  per  cu.  yd. 

« 

The  largest  day's  concrete  work  with  the  new  mixer  comprised  about  79  ft. 
^  complete  arch  and  97  ft.  of  sides  only,  the  work  extending  over  a  distance 
^  176  ft.  of  sewer;  98^  bbls.  of  cement  was  used,  indicating  66  cu.  yd.  con- 
^^  and  the  labor  was  as  follows: 

1  foreman  at  85 8  5.00 

2  laborers  at  83 8  6.00 

61aborers  at  82.75 116.50 

2  laborers  at  82.50 8  6.00 

Total  labor $32. 60* 

•  Or  0. 60  per  cu.  yd. 

^  etch  'of  the  foregoing  instances,  conditions  were  favorable  for  rapid 
^Me,  wliidi  ocmsumed  an  entire  day  of  8  hours  with  the  men  working  for  a 
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record.  Concrete  was  poured  on  62  days  by  the  former  plant  and  71  days  by 
the  latter  plant,  the  average  outputs  being  22.6  cu.  yd.  and  23.8  cu.  yd., 
respectively,  per  day  worked. 

Cement  cost  $2,375  per  barrel  delivered  in  sacks,  with  an  allowance  of  10 
ct.  each  for  empty  sacks  returned  in  acceptable  condition  (about  70  per  cent  of 
total) ;  sand  and  gravel  $1.40  per  cubic  yard  delivered;  water  at  7  ct.  per  cubic 
yard  of  concrete — all  included  in  cost  of  concrete  materials  as  it  appean  in 
the  statement.  The  statement  covers  cost  of  patching,  applsring  the  ceoMOt 
wash  specified  for  the  interior  and  final  cleaning  out  of  the  sewer  in  piepantioD 
for  minute  and  official  inspection. 

Brick  Lining  of  Invert. — The  invert  of  the  circular  and  egg-«hape  sewen  wtf 
lined  with  vitrified  paving  brick,  laid  flat  in  mortar  composed  of  1  part  PWt- 
land  cement  to  2  parts  quartz  sand.  This  work,  necessarily  intermttUnti 
had  an  important  influence  on  the  progress  of  the  job,  rendering  speed,  relia- 
bility and  expertness  on  the  part  of  the  men  especially  desirable.  SlownM 
or  unavailability  on  call  meant  direct  delay,  and  an  imeven  lining  would  greatly 
increaHe  the  difficulty  of  making  a  tight  joint  between  the  side  arch  forma  aod 
the  invert.  The  brick  mason  on  this  work  was  paid  $8  per  day,  his  hodcanier 
$5,  and  a  laborer  helper  $2.75  for  8  hours,  work.  The  bricks  were  flrat  pOed 
along  either  side  on  the  haunch  of  the  invert  against  the  rrinforcing  ban,  and 
then  the  surface  of  the  concrete  swept  and  flushed  clean  and  dusted  wttb 
cement.  The  hodcarrier  mixed  the  mortar  as  required  and  generally  aaeiited 
the  mason,  while  the  laborer  kept  them  supplied  with  material  from  above. 
The  labor  cost  of  laying  the  invert  was  4  ct.  per  square  foot,  or  about  $10 per 
1,000  brick.  Although  the  wages  paid  the  mason  and  hodcanier  Involfed 
an  advance  of  $1.00  each  per  day  over  the  standard  wages  for  high-grade  woik- 
men,  the  results  are  deemed  amply  to  have  warranted  the  extra  eoEpenae. 

Backfilling. — The  backfilling  was  accomplished  in  part  by  wagon  dump  difWi 
from  the  steam-shovel  or  other  excavation,  and  in  part  by  shoveling  and 
iug  from  the  spoil  bank  left  on  one  side  of  the  trench,  using  a  sifp  acrapei 
and  driver  at  $6.00  per  day  with  generally  two  men  at  S2.60  and  $2.75  pV 
day  to  handle  the  scraper.  The  trench  was  filled  to  a  crown  as  soon  as  ooofeft- 
lent  after  completion  of  concrete,  puddled  by  introducing  water  at  IbebottflB 
through  a  pipe  attached  to  the  end  of  a  hose  and  inserted  in  the  ground  and 
allowing  to  run  until  water  appeared  on  the  surface  of  the  sunken  fill,  afW 
which  it  was  allowed  to  stand  and  partially  dry  out  before  adding  more  01* 
Water  for  this  i)urpose  was  charged  at  the  rate  of  0.7  ct.  per  lineal  foot  of 
trench  puddled.  It  was  only  after  some  experimenting  and  oonsldenlili 
argument  that  the  contractor  was  permitted  to  proceed  in  this  manner,  for 
the  specifications  prescribed  tamping  in  layers;  but  the  method  allowed  pnnei 
very  satisfactory.  It  is  estimated  that  about  8,200  cu.  yd.  compacted  flU  wtf 
required  at  a  special  labor  cost  of  about  26  ct.  per  cubic  yard,  which  of  oonne 
ignores  the  work  of  the  teams  that  worked  directly  between  the  excavaUoiiand 
the  backfill.  A  large  portion  of  this  expense,  amounting  to  10.8  ct.  per  eubto 
yard  of  excavated  material,  or  nearly  10  per  cent  of  the  unusually  high  eoit  rf 
all  the  trench  work,  would  not  obtain  in  a  well  co-ordinated  job. 

Repaving. — The  specifications  for  repaving  contained  what  the  ooittnielor 
termed  a  "joker;"  for  in  addition  to  providing  as  usual  that  the  pavenOBit 
where  disturbed  should  be  restored  to  its  original  ccmdition,  it  wib  furtbor 
provided  "  That  no  pavement  shall  be  laid  on  a  foundation  of  less  than  4 IM^ 
of  gravel  or  broken  stone  below  the  original  pavement.'*  As  the  pAvenOBit 
was  oil  macadam  of  substantially  its  original  thickness  of  6  to  6  ins.,  this 
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le  somewliat  udusuaI  ihicknewi  for  macadam  in  this  locaUtj  of  ftorn  9  to 
)  ins.  Ckiane  gravel  being  cheaper  than  macadam  rock,  the  contractor*  with 
le  consent  of  the  engineer,  innocently  chose  the  former  for  the  underlying 
illast;  somewhat  to  his  sorrow,  however,  for  not  until  it  had  been  plentifully 
d  witti  screenings  did  it  form  a  stable  bed  for  the  macadam  proper. 
The  sub-grade  was  trimmed  by  huid  to  show  a  slight  crown  and  vertical 
Iges  and  compacted  by  means  ci  a  horse  r(dler,  followed  by  6  and  KKton 
earn  and  ga8(dine  rollers.  The  grayel  ballast  wastldivered  by  rail  in  gondola 
ITS  on  a  siding  about  H  mile  average  haul  from  the  work.  It  was  unloaded 
IT  hand  direct  into  bottom  dump  wagons,  deposited  on  the  subgrade  in  pttas, 
>read  by  scn^)ers,  finished  with  shov^  and  rolled  to  a  level  surface  to  receive 
le  macadam.  The  cost  of  preparing  the  subgrade  was  approximately  H 
.  per  square  foot,  and  of  spreading  and  flniahing  the  ballast  H  ct.  per  square 
ot. 

Hauling  of  Material  by  Motor  Truck. — The  bulk  of  the  macadam  rock  and 
reenings  was  delivered  by  barges  heading  from  250  to  850  cu.  yd.  and  equipped 
ith  a  combination  belt*and-bucket  ocmveying  system  for  unloading  and  die- 
larging  into  a  small  wharf  bunker  of  about  15  cu.  yd.  capacity  from  which  5- 
I.  auto  trucks  were  loaded  in  less  thanl  minute.  The  discharging  capacity 
the  barge  machinery  was  about  IK  cu.  yd.  per  minute.  The  hauling  of  the 
acadam  material  was  contracted  at  30  ct.  per  cubic  yard,  but  some  reoocd 
Bi8  kept  of  the  performance  of  the  trucks  which  may  be  of  interest. 
The  first  barge-load  of  274  cu.  yd.  was  hauled  during  one  day  by  three  good 
uc^cs,  two  5-yd.  and  one  4-yd.,  averaging  about  three  trips  per  hour.  The 
andard  charges  for  motor-truck  service  were  $25  and  $30  per  9  hours  work 
r  4-yd.  and  5-yd.  trucks,  respectively,  or  say  69  ct.  per  cubic  yard  capacity 
»r  hour.  At  this  rate,  if  the  trucks  had  been  hired  by  tiie  day,  and  had  given 
le  employer  equally  good  service,  the  cost  of  the  hauling  would  have  been 
i  ct.  par  cubic  yard. 

The  second  barge-load  was,  owing  to  unavailability  of  adequate  motor-truek 
arvloe  during  the  daytime,  hauled  betwe^i  3: 00  p.m.  and  2: 00a.m.,  common- 
ng  with  one  4-yard  truck,  to  which  others  were  added  from  time  to  time 
ntU  ultimately  three  4-yd.  and  four  5-yd.  trucks  were  in  commission.  For 
tie  three  4-yd.  trucks,  the  total  truck  hours  on  the  job  were  23.33,  of  which  7.5 
rete  time  lost  in  intervals  of  1  hour  or  more  on  account  of  breakdowns  or 
leoessity  of  the  drivers,  leaving  the  actual  working  time,  including  minor 
Qddoital  ddays,  15.83  hours  during  which  they  hauled  132  cu.  yd.  At  the 
itandard  service  rate  this  would  represent  a  cost  of  33.4  ct.  per  cubic  yard. 
For  the  four  5-yd.  trucks,  the  total  truck  hours  were  20.25,  of  which  20  truck 
boon  represented  legitimate  work  during  which  they  hauled  220  cu.  yd., 
which  would  have  cost  at  the  standard  service  rate  30K  ct.  per  cubic  yard. 

In  addition  to  the  inconvenience  ot  working  at  night,  some  of  these  trucks 
were  not  in  the  best  of  condition,  nor  were  all  the  drivers  expert.  Their 
^&riable  performance  is  indicated  by  the  fact  that  the  average  times  per  round 
^P  for  the  three  4-yd.  trucks  were  24, 30  and  3 1  minutes,  and  for  the  four  5-yd 
trucks,  21,  27,  20  and  32  minutes,  respectlv^y.  The  haul  of  this  barge-load 
averaged  about  IH  miles. 

Maeadamiging. — The  macadam  rock  was  for  the  most  part  dumped  on  the 
Mast,  the  truck  moving  ahead  while  dumping,  adjusting  the  speed  so  as  to 
^^^  as  nearly  as  might  be  the  proper  distribution  of  the  rock  along  the  trench, 
^tee  the  rode  was  left  in  piles  it  was  spread  by  means  of  a  f resno  scraper 
^  the  entire  surface  of  the  woric  in  place  was  finished  by  laborer  with  shovels 
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used  in  backfilling.  The  derrick  was  mounted  on  the  forward  end  of  a  plat- 
form that  spanned  the  trench  and  ran  on  wheels.  On  the  same  platform, 
but  at  the  rear,  was  another  derrick  used  in  handling  buckets  of  concrete. 

Water  was  encountered  about  2  ft.  above  the  bottom  of  the  trench,  and  two 
Pulsometer  pumps  were  usually  kept  busy  handling  this  water.  The  pumpi 
received  their  steam  from  the  boiler  that  supplied  the  hoisting  engines. 

The  following  was  the  organization  of  the  gang  engaged  in  building  the 
sewer: 

Perdiy 

1  superintendent  at  $6 $  6.00 

1  engineman  at  $3.50 8.50 

1  holster  (one  engine)  at  $2 2.00 

2  tagmen  at  $1.65 8.80 

10  men  excavating  earth  at  $1.65 16.60 

2  men  on  dump  cars  at  $1.65 8.80 

1  bracer  (carpenter  on  bracing)  at  $3 8.00 

2  bracer's  helpers  at  $1.65 8.80 

2  men  laying  bottom  planks  at  $1.65 8.80 

and  moving  pumps,  etc.,  $1.65 8.80 

3  men  pulling  sheeting  at  $1.75 5.26 

16  men  mixing  and  placing  concrete  at  $1.65 26.40 

3  men  on  forms  at  $1.75 5.$5 

1  water  boy  at  $1 1.00 

Total $86.40 

Coal  and  oil  cost  about  $5  per  working  day  of  10  hours. 
During  half  a  year  the  actual  field  cost  of  the  labor  on  this  sewer  was  $7 JO 
per  lin.  ft.,  distributed  as  follows: 

Per  lin.  ft> 

Excavation SI. 80 

Placing  sheeting  and  bracing 0.58 

Placing  bottom  plank 0. 17 

Pulling  sheeting. 0.46 

Backfilling 0.88 

Making  and  placing  concrete  invert |.17 

Making  and  i)]acing  concrete  arch 1.54 

Laying  brick  in  invert 0.S9 

Bending  and  placing  roinforcing  steel  in  arch O.20 

Bending  and  placing  reinforcing  steel  in  invert O.OO 

Placing  and  moving  forms  and  centers 0.68 

Watchmen,  waterboy,  etc 0.68 

Total $7.86 

The  excavated  section  of  the  trench  was  12 >^  ft.  wide  and  varied  somewbtt 
in  depth.  When  it  was  12  ft.  deep,  the  cost  was  $1.61  per  lln.  ft.,  whicb  wii 
29  ct.  per  cu.  yd.  for  all  labor,  excepting  the  labor  of  backfilling.  When  tte 
trench  excavation  averaged  5.56  cu.  yd.  per  lin.  ft.,  the  backfill  avenged  ottf 
1.7  cu.  yd.  per  lin.  ft.  and  this  backfilling  was  done  at  a  cost  of  about  80  et. 
per  cu.  yd.  of  backfill.    The  backfill  was  not  rammed. 

The  trench  sheeting  consisted  of  4-in.  plank,  which  was  subsequently  oMd 
as  a  fioor  or  bottom  upon  which  the  concrete  invert  was  laid.  This  plsak 
fioor  consisted  of  two  layers  of  plank,  giving  a  thickness  of  8  In. 

The  sheeting  was  braced  with  6  X  6-in.  braces,  three  of  which  were  i*8d 
to  each  16  ft.  length  of  wale.  There  were  two  lines  of  4  X  6-in.  walMi 
Hence  the  trench  required  about  120  ft.  B.  M.  of  flheeting  and  bradng  P* 
lineal  foot  of  trench.  Since  it  cost  $0.58  i)er  lin.  ft.  of  trsDoh  to  plaos  tW 
thnber,  this  is  equivalent  to  $4.80  per  1,000  ft.  B.  M. 
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used  in  backfilling.  The  derrick  was  mounted  on  the  forward  end  of  a  plat- 
form that  spanned  the  trench  and  ran  on  wheels.  On  the  same  platform, 
but  at  the  rear,  was  another  derrick  used  in  handling  buckets  of  concr^e. 

Water  was  encountered  about  2  ft.  above  the  bottom  of  the  trrach,  and  two 
Pulsometer  pumps  were  usually  kept  busy  handling  this  water.  The  pumps 
received  their  steam  from  the  boiler  that  supplied  the  hoisting  engines. 

The  following  was  the  organization  of  the  gang  engaged  in  building  the 
sewer: 

Per  day 

1  superintendent  at  S6 $  6.00 

1  en^ineman  at  $3.50 3.50 

1  bolster  (one  engine)  at  $2 2.00 

2  tagmen  at  $1.65 8.30 

10  men  excavating  earth  at  $1.65 16.60 

2  men  on  dump  cars  at  $1.65 8.80 

1  bracer  (carpenter  on  bracing)  at  $3 8.00 

2  bracer's  helpers  at  $1.65 8.30 

2  men  laying  bottom  planks  at  $1.65 8.80 

and  moving  pumfis,  etc.,  $1.65 8.80 

3  men  pulling  sheeting  at  $1.75 5.25 

16  men  mixing  and  placing  concrete  at  $1.65 26.40 

3  men  on  forms  at  $1.75 6.S5 

1  water  boy  at  $1 1.00 

Total S86.40 

Coal  and  oil  cost  about  $5  per  working  day  of  10  hours. 
During  half  a  year  the  actual  field  cost  of  the  labor  on  this  sewer  was  $7J6 
per  lin.  ft.,  distributed  as  follows: 

Per  En.  ft 

Excavation $1.80 

Placing  sheeting  and  bracing '.  .  . .  O.fiS 

Placing  bottom  plank 0. 17 

Pulling  sheeting.- 0.45 

Backfilling 0.88 

Making  and  placing  concrete  invert 1.17 

Making  and  i>Iacing  concrete  arch 1.64 

Laying  brick  in  invert 0.29 

Bending  and  placing  reinforcing  steel  in  arch 0.20 

Bending  and  placing  reinforcing  steel  in  invert 0.09 

Placing  and  moving  forms  and  centers 0.62 

Watchmen,  waterboy,  etc 0.62 

Total 17.86 

The  excavated  section  of  the  trench  was  12>^  ft.  wide  and  varied  somewlut 
in  depth.  When  it  was  12  ft.  deep,  the  cost  was  $1.61  per  lin.  ft.,  which  was 
29  ct.  per  cu.  yd.  for  all  labor,  excepting  the  labor  of  backfilling.  Wlien  tba 
trench  excavation  averaged  5.56  cu.  yd.  per  lin.  ft.,  the  backfill  averaged  only 
1.7  cu.  yd.  per  lin.  ft.  and  this  backfilling  was  done  at  a  cost  of  about  20  ct. 
per  cu.  yd.  of  backfill.    The  backfill  was  not  rammed. 

The  trench  sheeting  consisted  of  4-in.  plank,  which  was  subsequently  used 
as  a  fioor  or  bottom  upon  which  the  concrete  invert  was  laid.  This  pLank 
fioor  consisted  of  two  layers  of  plank,  giving  a  thickness  of  8  in. 

The  sheeting  was  braced  with  6  X  6-in.  braces,  three  at  which  were  used 
to  each  16  ft.  length  of  wale.  There  were  two  lines  of  4  X  6-in.  watas. 
Hence  the  trench  required  about  120  ft.  B.  M.  of  sheeting  and  bracing  per 
lineal  foot  of  trench.  Since  it  cost  $0.58  per  lin.  ft.  of  trench  to  place  tUs 
timber,  this  is  equivalent  to  $4.80  per  1,000  ft.  B.  M. 
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were  alternated  with  another  gang  which  attended  to  the  forms  and  leintom- 

ment.    The  length  of  concrete  laid  at  one  operation  was  72  ft.  of  either  aidi 

or  invert  and  the  time  required  to  do  the  work  averaged  zyi  houis.    The  meo 

were  divided  as  follows:  * 

2  men  on  mortar. 

4  men  on  gravel. 

2  men  on  sand. 

4  men  on  mixing  board. 

1  man  on  water  and  cement. 

4  men  in  trench  spading. 

1  foreman. 

All  the  men  received  20  cts.  per  hour  and  the  foreman  received  35  ct0.  per 
hour.    The  cost  of  concreting  72  ft.  of  invert  or  arch  was  thus: 

17  men  at  20  cts.  per  hour,  3)4  hrs $11.05 

1  foreman  at  35  cts.  per  hour,  3>i  hrs 1. 14 

Cost  of  laying  72  ft.  of  invert  or  arch $12. 19 

This  gives  for  72  ft.  of  complete  sewer  a  cost  of  $24.38  which  divided  by 
28.08  cu.  yds.  gives  a  cost  of  87  cts.  per  cu.  yd.  In  this  work  there  were 
about  2.23  lbs.  of  steel  reinforcement  per  lineal  foot  of  sewer.  Two  men 
were  employed  continually  to  bend  the  steel  and  place  it  in  position  in  tin 
forms. 

Cost  of  Reinforced  Concrete  Pipe  Sewers  at  Mishawaka,  Ind. — The 
following  data  published  in  Engineering  and  Contracting,  Feb.  15,  1911,  an 
from  a  paper  by  Wm.  P.  Moore,  City  Engineer,  Mishawaka,  Ind.,  before  the 
Indiana  Engineering  Society,  Annual  Convention,  January,  1911. 

In  the  spring  of  1909  bids  were  received  by  the  city  for  the  constmctioii  of 
the  Laurel  St.  trunk  sewer  which  was  3,480  ft.  long  and  36  ins.  in  diameter, 
the  average  cut  being  10  ft.  and  the  excavation  sand  and  gravel. 

The  specifications  were  drawn  to  include  brick,  monolithic  and  reinforoed 

concrete  pipe.    When  the  bids  were  opened  it  was  found  the  lowest  bidder 

proposed  to  use  the  Jackson  Reinforced  Concrete  Pipe  Co.'s  pipe  and  wtf 

awarded  the  contract.    The  cost  of  construction  was  about  as  foUowi  for 

3,480  lin.  ft.  of  36-in.  reinforced  pipe: 

Cortpv 
ft. 

1  foreman,  1,740  hrs.  at  40  cts.  per  hr $0.30 

2  pipe  layers,  3,480  hrs.  at  25  cts.  per  hr 0.$6 

1  joint  maker,  1,740  hrs.  at  20  cts.  per  hr 0.10 

1  pipe  lower,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

1  mortar  mixer,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

2  pipe  rollers,  3,480  hrs.  at  20  cts.  per  hr 0.20 

2  shceters,  3,480  hrs.  at  25  cts.  per  hr 0.26 

1  helper,  1,740  hrs.  at  20  cts.  per  hr 0.10 

6  men  excav.,  10,440  hrs.  at  20  cts.  per  hr 0.00 

1  team  and  helper,  1,740  hrs.  at  60  cts.  per  hr 0.80 

1  water  boy,  1,740  hrs.  at  10  cts.  per  hr 0.05 

Cement,  sand  and  gravel  for  joints 0.00 

City  water  for  flushing  trench 0.08 

Amount  paid  the  Jackson  Reinforced  Pipe  Co.  for  the  pipe  along  line  of 

ditch 1.80    ■ 

Total  cost $4. 10 


In  the  above  contract  the  Reinforced  Concrete  Pipe  Co.  made  the  pipe  i 
the  line  of  the  sewer  and  assumed  all  risk  in  regard  to  the  pipe  aod  funlriMd' 
them  to  the  contractor  for  $1.80  per  lin.  ft.  measured  in  the  dttcb. 
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he  same  year  the  Common  Council  also  received  bftdi  lor  the  Logan 

trunk  sewer  which  has  1.690  lin.  ft.  of  42-in.  and  1,400  Un.  ft.  of  86^. 

The  contract  was  let  with  Jadcson  pipe  also,  the  lowest  bid  being  oo 

costruction. 

average  cut  was  16  ft.  in  sand  and  gravel  with  a  small  amount  of  waiter 

I  gravel  in  the  bottom,  but  not  enough  to  require  a  pump.    In  this 

3t  the  contractor  built  the  pipe  and  furnished  all  common  labor  and 

ed  and  the  Jackson  Pipe  Co.  furnished  the  forms,  reinforoemeiit  and  a 

^ent  superintendent  to  see  that  the  pipe  were  made  propeily.    Their 

being  $1.15  per  lin.  ft.  for  the  36-in.  pipe  and  f  1.46  per  lin.  ft.  for  the 

}ipe. 

I  and  gravel  delivered  along  the  line  of  the  contracts  cost  60  ots.  per 

,  common  labcH*  20  cts.  per  hour,  teams  40  cts.  per  hour  and  cement  $1.25 

Tel.    Calculated  on  the  above  basis  the  cost  of  construction  was  about 

•ws  for  1,450  lin.  ft.  of  SOrin.  concrete  sewer 

Cost  per 
ft. 

lan,  725  hrs.  at  45  cts.  per  hr $0.32 

.ayere,  1,450  hrs.  at  25  cts.  per  hr 0. 25 

maker,  725  his.  at  25  ots.  per  hr 0. 12^ 

iT  mixer,  725  his.  at  20  cts.  per  hr 0. 10 

ower,  725  hrs.  at  20  cts.  per  hr 0. 10 

t^ng  pipe,  1,450  hrs.  at  20  cts.  per  hr 0. 90 

iheetins,  2,175  hrs.  at  25  cts.  per  hr 0.87H 

izcavating,  5,800  hrs.  at  20  cts.  per  hr 0.80 

and  helper,  725  hrs.  at  60  cts.  per  hr 0.80 

boy,  725  hrs.  at  15  cts.  per  hr 0.07 

;,  sand  and  in^vel  for  the  joints 0.00 

kter  for  flushing  trench 0.02 

tal $2.65 

of  making  this  pipe  follows: 

Cost  per 
\  ft. 

:11  hrs.  mixing  concrete,  etc.,  at  18  cts 0. 12 

3.  of  cement  at  $1.25  per  bbl 0.24 

I.  yds.  of  gravel  of  60  cts.  per  yd 0.09 

'  for  forms,  reinforcements,  supt.  paid  to  the  Jackson  Pipe  Co. . .  1 .  15 

it  of  making  pipe $1 .  60 

ind  toUl $4. 25 

ost  of  1,690  lin.  ft.  of  42-in.  concrete  pipe  sewer  was  as  follows: 

Cost  per 
ft. 

Ein,  900  hrs.  at  45  cts.  per  hr $0.24 

iyers,  1,800  hrs.  at  25  cts.  per  hr 0. 27 

aaking  joints,  900  hrs.  at  25  cts.  per  hr 0. 14 

3wering  pipe,  900  hrs.  at  20  cts.  per  hr 0. 11 

3lling  pipe,  1,800  hrs.  at  20  cts.  per  hr 0. 21 

lixing  mortar,  900  hrs.  at  20  cts.  per  hr 0. 11 

tieeting.  2,700  hrs.  at  25  cts.  per  hr 0.40 

elpers,  1,800  hrs.  at  20  cts.  per  hr 0. 21 

xcavating,  7,200  hrs.  at  20  cts.  per  hr 0.86 

md  helper  exc,  900  hrs.  at  60  cts.  per  hr 0. 31 

ind  helper  filling,  900  hrs.  at  60  cts.  per  hr 0.31 

boy,  900  hrs.  at  15  cts.  per  hr 0. 07 

,  sand  and  gravel  for  joints n  no 

ter  for  flushing Q-O* 

^ $3.28 
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Cost  of  making  this  pipe  follows: 

Cost  per 

ft. 

5  men  miying  concrete,  etc.,  1,400  hrs.  at  18  cts SO.  15 

384.5  bbls.  of  cement  at  S1.25  per  bbl 0.28 

313  cu.  yds.  of  gravel  at  60  cts.  per  cu.  yd 0. 11 

Royalty,  forms  and  superintendent 1.45 

Total  cost  of  making  pipe SI. 90 

Grand  total  for  1.690  ft.  of  42-in.  pipe 6.S4 

In  regard  to  the  use  of  the  above  information  I  wish  to  advise  that  data  li 
only  approximately  correct,  as  we  were  in  no  position  to  obtain  the  enot 
cost.  The  total  number  of  men  employed  and  the  number  of  hours  winked 
are  correct,  but  necessarily  in  large  contracts  men  are  shifted  and  it  was  theie- 
fore  necessary  to  take  the  average  number  of  men  worldng  in  the  diffenot 
positions. 

Cost  of  Tile  and  of  Concrete  Sewer. — ^Work  was  started  in  December,  1916, 
on  the  construction  of  the  Rideau  River  interceptor,  a  17,900-ft.  sewer  thst 
will  drain  a  portion  of  south  and  east  Ottawa.  The  first  section  was  oaa- 
structed  of  segment  tile,  60-in.  in  diameter;  the  next  section  is  of  54-in.  pipsb 
part  segment  and  part  concrete.  A  third  section  was  built  of  48-in.  conenie 
pipe.  The  following  cost  data  on  the  work,  abstracted  from  an  articto  bf 
L.  McLaren  Hunter,  City  Engineer's  Department,  Ottawa,  in  The  Canadiis 
Engineer,  are  published  in  Engineering  and  Contracting.  Feb.  12,  1919. 

The  larger  equipment  used  during  construction  included  one  45-HP. 
boiler,  one  40-HP.  boiler,  one  derrick  and  traveler,  three  syphons,  OOB  4-lB. 
submerged  pump  (electric)  and  one  4-in.  suction  pump  (electric). 

The  costs  of  various  materials  used  were  as  follows: 


1917 — 54-in.  concrete  pipe,  per  ft S4.34 

48-in.  concrete  pipe,  per  ft 8.44 

1918 — 48-in.  concrete  pipe,  per  ft 4.80 

30-in.  concrete  pipe,  per  ft 2.85 

1917 — 60-in.  Natco  tile,  per  ft 6.66 

1916 — Cement,  per  bag 48 

1917 — Cement,  per  bag 62 

1918 — Cement,  per  bag 78 

On  the  60-in.  Natco  tile  section,  in  18  ft.  of  excavation,  the  oosta  mn  ai 
follows: 

Per  lukft* 

Excavation  and  backfilling S  8. 840 

Pipe  laying .875 

Natco  tile,  including  undcrdrain ' 7.487 

Pumping .766 

Shonng .658 

Grading,  plant,  tsuudries 1 .744 

Total  cost  per  lin.  ft 819.804 

Tunnel  section  (excavation),  per  ft 19.87 

Manholes  (concrete),  each 61.46 

The  cost  of  48-in.  concrete  pipe  section,  in  4  ft.  6  in.  ol  aEoaTrntlim,  In  19li 
was  as  follows: 
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PttlllLft. 

abor: 

Ezcaration $1 .87 

Shoring. 08 

Pummng 20 

Backfill 60 

Culvert  drains .16 

Rolling  pipe > .20 

Jtunning  hoist 88 

I>eiTick  and  track .44 

Grouting 12 

Pipe  laying 84 

Simdries  (including  Saturday  afternoon  Jiolidaya) 88 

Tjrtal $5.11 

Pipe  (including  hauling) $8.60 

Coal 24 

Cement .11 

Sundries 11 

Total $4.06 

The  above  costs  on  the  48-in.  section  were  taken  on  400  lin.  ft.  of  ynuk 
rhidi  was  done  in  August,  1918.  Laborers  were  paid  35  ct.  per  hour.  On  the 
Fatco  tile  section,  laborers  were  paid  27H  ct.  per.  hour.  The  work  was  done 
y  day  .labor. 

Bfiacellaneoiis  Costs  of  Concrete  Sewex  Construction,  LouisriQe,  Ky. — ^Engi- 
eeringr  and  Contracting,  June  22,  1910,  gives  the  following: 
Lininff  a  Concrete  Sewer  With  Brick. — ^This  sewer  was  of  concrete,  hofse- 
loe  section  and  about  4  ft.  in  diameter.  The  brick  lining  of  the  invert  and 
de  walls  contained  8.3  sq.  yds.  in  65  ft.  of  its  length.  Tlie  brick  were  laid 
n  edge  and  8H  bbls.  of  cement  were  used  in  the  mortar: 

6  bricklayers  at  62Hc.  per  hr.,  3H  hrs $13. 12H 

6  helpers  at  20c.  per  hr.,  3H  hrs 4.20 

Coat  of  laying  8.3  sq.  yds   ^ . .  $17 .  82H 

Cost  of  lasring  1  sq.  yd.  brick  lining $2 .  087 

PoUer  Machine  on  Trench  15  ft.  Wide  21  ft.  deep: 

7  men  excavating  (sand)  at  $1.75  per  day $12. 25 

1  engineer  at  $3.50  per  day 3. 50       \ 

1  fireman  at  $3.50  per  day 8. 50 

Rental  oi  machine  $200  per  mo.,  at  $8.00  per  day 8. 00 


-^ 


Av.  output  per  day  150  cu.  yds $27. 25 

Cost  per  cu.  yd.  18o. 

Mixing  and  Placing  Concrete  by  Hand. — Material  had  to  be  hauled  300  ft. 
1  wheel-barrows,  and  was  mixed  by  hand  on  platforms  over  the  trench. 
t  was  ix>ured  through  chutes  to  place.  The  average  wages  of  these  men 
rere  22)4  cts.  per  hour.  The  concrete  men  are  paid  more  than  the  ordinary 
iborers  who  receive  17H  cts.  per  hour: 

6  men  turning $10.80 

2  men  mixing  mortar 3 .  60 

5  men  wheeling 9.00 

1  man  on  water  and  cement 1 .  80 

2  vaax  handling  chutes 3 .  60 

4  men  spading 7.20 

90  m«n  plaeing  80  on.  yds.  at $36.00 
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This  gives  a  cost  of  $1.20  per  cu.  yd.  for  labor  of  placing  concrete. 

Knocking  Down  the  Blaw  arch  forms,  wooden  jacket  and  invert  forms  for 
this  sewer,  moving  them  ahead  and  setting  them  up  required  8  houia  for  3 
men.  One  man  acted  as  foreman  with  two  helpers.  It  required  4  houn  to 
set  the  invert  forms,  2  hours  to  set  the  jackets  for  the  walls,  and  2  hours  to  sot 
the  Blaw  arch  forms.     This  is  for  a  5  ft.  sewer. 

Placing  the  reinforcing  steel  required  the  time  of  the  above  m6nti<xied  squid 
of  3  men.  They  set  the  steel  for  the  invert  and  sidewalls  in  5  hours  and  for  the 
arch  in  1>^  hours.  The  foreman  was  paid  25  cts.  an  hour  and  the  helpers  17H 
cts.  There  were  53  lbs.  of  reinforcing  steel  per  running  foot.  Strikiiig and 
settling  Blaw  forms  for  60  lin.  ft.  of  horseshoe  shaped  sewer,  5  foot  sectioo? 

1  foreman,  8  hrs.  at  25c t2.00 

2  helpers,  8  hrs.  at  $17K 2.80 

Total $4.80 

Striking  and  settling  60  ft.  of  forms,  cost  at  >^  cu.  yd.  per  lin.  ft.,  per  cu.  jd^ 
$0.16. 
Placing  reinforcement  for  60  lin.  ft.  of  sewer: 

1  foreman,  7H  hrs.  at  25c $1. 875 

2  helpers  7M  hrs.  at  IT^c 1.8125 

Total $3.18H 

Placing  reinforcement  for  60  ft.  of  sewer  at  H  yd.  per  lin.  ft.,  cost  $0,106 
per  cu.  yd.,  and  at  53  lbs.  per  lin.  ft.,  $0,002  per  lb. 

A  sununary  of  the  cost  of  labor  per  cubic  yard  in  constructing  60  lin.  ft.  of 
5-ft.  sewer  was: 

Cost  per  cu.  yd.  mixing  and  placing  concrete $1.20 

Cost  per  cu.  yd.  striking  and  erecting  blank  forms 16 

Cost  per  cu.  yd.  placing  reinforcement 106 

Total  cost  of  labor  per  cu.  yd $1 .  466 

Bricklaying  Costs  for  6  to  ID-Ft.  Brick  Sewers  at  St  Louis,  Mo. — C.  I* 

French  gives  the  following  data  in  Engineering  News,  Nov.  12,  1914. 

The  contract  for  the  third  section  of  the  Qlaise  Creek  Joint  Sewer,  consistsd 
of  7.370  ft.  of  brick  sewer,  varying  from  5  to  10  ft.  in  diameter  andftam  ISto 
18  in.  in  thickness.  The  total  amount  of  brickwork  was  10,264  cu.  yd.* 
consLsting  of  9,600  cu.  yd.  common  and  664  cu.  yd.  of  vitrified  brick  mssooiy 
(to  line  the  invert  for  the  dry- weather  flow). 

It  was  found  that  by  planning  the  work  so  that  a  certain  number  of  briok- 
layers  could  be  constantly  employed,  the  best  men  could  be  kept.  Tbe  impoT' 
tance  of  this  feature  is  nearly  always  underestimated  by  contractors.  TlM 
difference  between  the  work  done  by  a  good  man  and  an  average  man  Is  st 
least  10  per  cent,  and  where  full  time  can  be  made  the  very  best  mea  aif 
obtainable. 

The  next  step  was  to  get  the  maximum  of  work  from  the  brkddayen.  Tlds 
meant  not  harder  work,  but  eliminating  lost  motion:  The  essentials  MS 
proper  working  room,  sufficient  materials  in  the  right  place,  and  safe  wofUnf 
conditions.  Solving  each  of  these  problems  required  much  eKperiment.  Too 
many  or  too  few  bricklayers  in  a  given  space  was  found  to  be  equaUj 
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iterials  in  tbe  Tight  quantity,  just  where  needed,  make  tt  nnneoeancr  Cw  » 

arday  bricklayer  to  wait  for  a  $2.50  laborer. 

The  elimination  of  useless  labor  was  one  of  the  grealeet  problems.   Mortar. 

9  mixed  by  machinery  at  a  oost  of  less  than  Icpafcu.  yd.  for  power.    Gbwtt 

e  was  taken  to  hare  this  mortar  of  just  the  proper  oonsistency.    It  was 

nd  that,  everything  else  being  equal,  the  day's  work  oould  be  imsreased  2  or 

}  by  having  the  mortar  exactly  right  all  the  time.     The  mortar  was  dumped 

Bctly  from  the  machine  into  barrows  and  then  poured  into  chutes.    Thus 

I  bottom  man  had  only  to  direct  the  mortar  into  the  boxes  below.    Mortar 

ten  and  mortar  lowerers  were  thus  eliminated.    Materials  were  store^l  as 

90  to  the  ditch  as  possible  and  in  the  same  quantity  as  would  be  used  in  that 

gth  of  sewer. 

The  job  was  started  Nov.  4,  1013,  and  finished  Aug.  18,  1914. 

rhe  cost  data  are  based  on  the  following  prices  for  labor  and  matolal 

ivered: 

cklayer $  1 .  12H  per  hr. 

>or '. 0.81  pw  hr. 

„.   /  common 8. 60  per  M 

^*  1  vitrified 16.50  per  M 

ment 1 .40  per  bbL 

id 0.85  per  cu.  vd, 

«jtricity 0. 10  per  kw.  nr. 

rhe  constants  for  each  cubic  yard  of  brick  were: 


)  common  brick  at .- . . 

I  vitrified  brick  at 

^5  bU.  cement  at 

(5  ou.  yd.  mortar  at ^. 

10  kw.  hr.  at 


Unit 

Cost  Per 

cost 

en.  yd. 
$8.66 

$  8.50 

16.50 

5.58 

1.40 

0.91 

0.85 

0.30 

0.10 

0.01 

rhe  mortar  was  1  part  cement  to  3  parts  sand. 

rhis  makes  the  material  cost  $4.88  per  cu.  yd.  for  common  and  $6.80  per 
yd.  for  vitrified-brick  masonry, 
rhe  monthly  records  were  as  follows: 


Cubic  yards  laid Cost  per  cu.  yd. 

Per  day 
of  8  hr.  per  Total.      Total, 

!bf  onth  Common  Vitrified     bricklayer  Labor  common  vitrified 

v.,  1913 768  53  9.3  $2.25     $7.13  $9.05 

c.  1913..... 1.444  99  10.8  2.02  6.90  8.82 

u.  1914 1,260  87  11.7  1.90  6.78  8.70 

J.,  1914 60  4  12.0  3.00  7.88  9.80 

IT.,  1914 416  29  10.5  1.90  6.78  8.70 

r..  1914 1,132  78  11.8  1.78  6.66  8.58 

ly,  1914 970  68  11.0  2.24  7.12  9.04 

16,1914 1,019  70  9.9  2.26  7.14  9.06 

y,  1914 1,912  133  12.6  1.77  6.65  8.57 

JE.,  1914 619  43  8.5  2.65  7.53  9.45 

9.600  664 

Average  cu.  yd.  per  bricklayer  per  day  of  8  hr $11 .05 

Hverase  labor  cost  per  cu.  yd 2 .  02 

^Tcrace  coat  of  brickwork  per  cu.  yd |  ^trifiSf  $8! 82 

Hie  high  cost  of  labor  in  May  is  due  to  tunnel  work  at  night,  when  double 
paki  to  bricklayers.    The  high  cost  for  June  is  due  to  bad  working 
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conditions,  where  frequent  cave-ins  caused  much  delay.  The  last  montii'f 
figures  are  not  significant,  as  the  best  men  had  left  for  other  Jobs  and  lots  of 
cleaning  up  was  necessary. 

Labor  Cost  of  Concrete  and  Brick  Sewer  Construction  in  Toronto. — 'Bnglt- 
neering  and  Contracting,  June  12, 1918,  publishes  the  following,  from  an  artieiB 
in  The  Contract  Record  by  W.  S.  Harvey  and  R.  T.  G.  Ja(^ 

The  storm  sewer  known  as  "Sparkhall  Ave.  relief  sewer"  was  oonstructad 
to  relieve  the  congestion  in  the  district  bounded  by  Danforth  Ave.  on  the 
north.  Bain  Ave.  on  the  south,  Pape  Ave.  on  the  east,  and  Broadview  Atd.  oo 
the  west.  The  sewer  has  its  outlet  at  the  River  Don  and  terminates  at  Logia 
Ave.,  with  provision  for  a  future  extension  to  Pape  Ave. 


s"  Sr/ckivorM 


9*  c/' /.y.'S  Cb^fcrmAf 
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Section  in  Tunnel.  Section  in  Open  Cut. 

Fig.  7. — Typical  croes  sectioDS  of  sewer  in  tunnel  and  open  eat. 

Fig.  7  shows  typical  cross  sections  of  the  sewer  in  tunnel  and  open  cut.  Tbi 
standard  egg-shai)ed  section  was  adopted  as  being  the  most  economical  undtf 
the  existing  conditions,  the  ground  being  good  blue  clay,  which  would  penntt 
of  a  minimum  width  of  trench  in  open  cut  and  minimum  dimensions  of  liwdiiH 
in  tunnel,  as  practically  no  timbering  would  be  required. 

A  cross  section  of  the  outlet  across  the  Don  Flats  at  Riverdale  Pufc  M 
shown  in  Fig.  8.  A  similar  section  was  used  under  the  C.  P.  R.  tracks  near  th6 
River  Don,  but  heavier  reinforcement  was  required  in  the  roof  slab.  lUi 
section  was  used  on  account  of  the  lack  of  cover  available,  a  minimnw^  of  S  ft> 
being  called  for. 

Unit  Costs. — Under  this  heading  it  is  the  intention  to  deal  with  each  seotiaB 
of  the  sewer  as  constructed  and  to  give  a  unit  cost  in  hours,  using  the  flbUowlBg 
key  to  the  dLstribution  of  labor: 

(A)  Excavation;  (B)  sheeting  and  timbering;  (C)  backfilling;  (D)  luuidM 
surplus — excavation;  (E)  concrete  forms;  (F)  placing  coocrete,  lududlflff 
reinforchig;  (G)  placing  cast  iron  pipes;  (J)  pumping:  (K)  brickwork;  (N) 
mining  and  sinking  shafts;  (P)  handling  supplies;  (Q)  handling idant;  0S)arii- 
cellaneous  labor. 
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CatI  ef  Baktftnti  CtmtMl*  Sttitit,  i  fi.  t  in.  X  5  A— Work  WM  not  Mm- 
manoed  unta  Vm  lattw  put  o(  (te  numiwi  of  igis.  w  tUI  tbe  vMw  in  th* 
Don  Blnr,  wtdch  wm  to  be  the  oatM  lor  tbe  ■own,  would  ba  U  lla  lownt 
«l«VBtloiL  ErflD  with  thliooBdiUaD.lt  gave  thaamtnctofBoerMlnwitauilt 
erf  trouble,  OmwtnictlDa  mi  canled  on  bom  tbe  Don  to  the  C.  F.  R.  tnoln; 
ben  a  break  ma  made  ud  Knuned  oo  the  otho-  aide,  when,  owlnf  to  the 
ponnw  nMura  of  the  crouDd,  conxidecsble  water  was  eiioount<Hed.  Thla 
piHtioD  at  Rlveniale  Parte  (Don  Flats)  baa  been  reclaimed  b;  the  olty  with 
aahes  and  n<aae,  and  for  thla  leuon  It  waa  apedfled  that  a  3-ln.  lumbal  dack- 
1ns  be  idacad  In  the  botltnn  tl  the  tncich  before  the  omciele  waa  pound,  and 
tbat  the  tcencb  be  tl8lit<heatad  and  tha  iheatlnc  Mt  In  place. 


^/<4     «/M    /■'  4rm*tn   mfan*. 
Flo.  S. — Crou  uction  of  outlet  acroea  Don  Flati. 

k  waa  carried  on  by  two  distinct  guigs  of  men.  each  with  a  sepaiate 
One  gang  attended  to  eiCBTatloa,  Bheetlog,  handUng  suiidua  and 
;  the  other  to  setting  foima,  placing  lelnfoicement  and  pouring 

As  the  trench  waa  veir  aballow,  no  excavathig  machine  waa  used.  The 
material  waa  cost  up  on  top,  where  a  hone  and  scraper  removed  the  surplua 
and  spread  It  out  over  the  park.  After  the  trench  had  been  made  ready  and 
ttyfc  decking  and  sheettng  placed  the  connreting  gang  ponml  the  concrete  for 
tbe  invert,  leaving  It  low  In  elevation  BO  that  3  In.  of  concrete,  mixed  In  propor- 
tkm  dt  I  Band.  1  cement  and  3  lA  very  fine  stone,  could  be  placed  afterwanta. 
Whan  the  concrete  was  properly  set  forma  of  the  "knock-down"  type,  made 
of  tcogued  and  grooved  aheetlng.  dreaaed  one  side,  were  placed  for  the  side 
wiUa  and  roof,  and  all  the  concrete  poured  at  one  ninnlng.  By  this  method  of 
woiUac  no  delays  were  caused  by  not  having  any  trench  ready,  and  the  con- 
I  luld  ganga  were  alao  able  Co  get  enough  Invert  concreted,  while  waiting  the 
nqnirad  48  houia  lor  the  arch  omcrete  to  set.  In  order  to  carry  on  the  work 
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This  procedure  was  used  all  the  way  through  this  section  and  good  progress 
was  made,  notwithstanding  the  fact  that  labor  and  material  were  scarce  and 
that  water  gave  considerable  trouble. 

After  the  concreting  of  the  rough  invert  side  walls  and  roof  had  been  com' 
pleted  up  to  the  bellmouth  (manhole  No.  3),  the  portion  under  the  C.  P.  R. 
tracks  was  completed  and  the  finishing  concrete  applied.  Before  doing  tUSi 
however,  a  thorough  inspection  was  made,  and  the  invert  made  perfectly 
clean,  so  that  a  good  bond  was  assured. 

While  the  concrete  gang  were  doing  the  finishing  the  excavating  gang  wen 
placing  24-in.  cast  iron  pipe  and  building  anchors  for  the  support  of  saiM. 
so  that  the  work  in  this  open  cut  section  was  practically  completed  before  the 
severe  cold  weather  set  in.  The  cast  iron  pipe  was  used  on  a  short  stew 
stretch  to  avoid  constructing  deep  drop  manholes. 


Material  and  ITnit  Labor  Cost  of  Rbinfobcbd  Concrete  Sbwxb 

Length  of  concrete  sewer  (3  ft.  6  in.  X  5  ft.),  lin.  ft 87<J 

Length  of  24  in.  cast  iron  pipe,  lin.  ft 120 

Cubic  yards,  1:  2:  4  concrete  for  roof 125 

Cubic  yards,  1:3:5  concrete  for  invert,  walls  and  anchors  338 

Cubic  yards,  1:1:3  concrete  for  finishing 195 

Cubic  yards,  1:4:9  concrete  for  packing 9 

Cubic  yards,  excavation 2,012 

Cubic  yards,  backfilling 620 

Surplus  excavation,  cubic  yards 1 ,  390 

Lumber  left  in  place,  ft.  B.  M 38.440 

Forms  placed,  square  feet 10,600 

Sheeting  in  trench,  square  feet 14,000 

Reinforcxnq 

H  in.  twisted  bars,  pounds 4 ,  862 

No.  3,  9,  2.5  expanded  metal,  pounds 6,872 

No.  3,  6,  40  expanded  metal,  pounds 8 ,  293 

No.  30  road  mesh,  pounds 4,615 


Unit 
cost  per 

Time,  sq.  ft., 

Item  Distribution       hours  hours 

Foreman* A  490       

Laborers A  2,933       

Foreman C  72       .... 

Laborers C  723        

Foreman D  81       

Laborers D  805       

Teams D  320       

Laborers E  600       .06 

Laborers B  440       .003 

Foreman F  700       

Laborerst F  1 ,935       

Laborers G  268       

Engineer J  607       

Laborers J  135       .... 

Team Q  42       

Laborers Q  18       .... 

Team P  300       

Laborers P  340  ..... 

Foreman Z  45       .... 

Laborers Z  760       .... 

*  This  includes  B.     f  This  includes  placing  reinforcing. 


Unit 

cost  per 

cu.  yd., 

hours 

34 
45 
12 
20 
06 
57 
28 


90 
90 


Unit 
cost  per 
lin.  it.i 
hoort 

.60 
2.04 
.07 
.75 
.06 
.81 
.82 


■n 


2.21 
2.20 
.08 
.16 
.04 
.01 
.20 
.34 
.06 
.7» 
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Coat  of  Two-Ring  Brick  Sewer  (2  fi.  6  in,  X  3  /H.  0  in.)  in  Tunnel. — ^It  was  the 
original  intention  of  the  City  Engineer  that  the  excavating  on  this  section 
be  done  in  open  cut.  The  contractor,  however,  decided  to  carry  it  out  in 
tunnel,  owing  to  the  froet  being  in  the  ground  to  a  d^pth  of  4  ft.  When  the 
work  on  the  2-ft.  8-in.  X  4-ft.  section  was  completed,  the  derrick  and  engine 
were  moved  to  a  point  midway  on  the  2-ft.  6-in.  X  3-ft.  9-in.  section.  Veiy 
good  progress  was  made  in  the  east  heading,  and  the  required  distance  would 
have  been  completed  in  tunnel  had  not  the  existing  local  sewer  been  encount- 
ered which  necessitated  the  discontinuance  of  the  work  by  this  method  and 
the  completing  of  same  in  open  cut.  In  the  west  heading  a  layer  of  wet 
sand  was  encountered  before  the  work  had  proceeded  very  far,  making  tt 
more  economical  to  open-cut  the  work  than  to  proceed  with  tunnelling. 

The  material  through  which  the  sewer  ran  was  not  as  good  foe  carrjrlng  on 
the  work  in  tunnel  as  in  the  previous  section  and  had  to  be  doee-ghcoted. 
The  work  was  done  in  the  same  manner  as  the  other  section  (2  ft.  8  in.  X  4  ft.), 
except  that  the  excavated  material  was  conveyed  to  the  dump  in  care  after  it 
had  been  brought  to  the  surface  in  buckets.  The  dump  was  on  city  property 
and  located  close  to  the  shaft. 

Materials  and  Unit  Labor  Cost  of  2-ft.  6-in.  X  3-ft.  9-xn.  Eoo-SBAnD 

Brick  Sbwbr 

In  tunnel 

Lei^fth  of  2  ft.  6  in.  X  3  ft.  0  in.  two-ring  brick  sewer,  lin.  ft 180 

Cubic  yards,  excavation 61 . 2 

Cubic  yards,  surplus 61 .8 

Cubic  yards,  brickwork 43.0 

Brick  used 2S,3M' 

Brick  packers 3,230 

Cement,  bags 353 

Sand,  cubic  yards 80 

Timber,  ft.  B.  M 350 

Unit  UdHn 

cost  per  ooat  per 

Time      cu.  yd. .  lin.  ft. 

Item                                                        Distribution     hours        hours  hours 

Engineman N  218  3.40  1.31 

Miners N  409  6.68  2.27 

Laborers N  433  7.00  2.40 

Engineman K  100  2.40  .55 

Bricklayers K  225  5.80  1.35 

Laborers K  446  10.60  2.48 

Laborers D  9  ....  .05 

Laborers P  45  ....  .35 

Engineman Q  9  ....  .05 

Laborers Q  68  ....  .88 

Teams Q  72  45 


Co8t  of  Brick  Sewer  in  Open  Ctd. — When  it  was  found  impoflsible  to 
any  further  with  the  work  in  tunnel,  the  balance  of  the  2-ft.  6-in.  X  8-ft. 
9-in.  section  was  constructed  in  open  cut.  The  excavating  was  dona  by  liaiid« 
and  the  material  conveyed  to  the  rear  of  the  work  in  H-Jd.  buckets  09  % 
traveling  car,  where  it  was  dumped  on  the  finished  work  as  back-flllln|^.  A 
wet,  sandy  blue  clay  was  encountered  in  places,  which  retarded  proniw  |o 
some  degree,  and,  as  an  extra  precaution  against  settlement,  a  plank  Hai»iHiy 
was  laid  and  the  sewer  constructed  vdth  a  square  base.  As  the  woric  was 
being  carried  on  hi  cold  weather,  it  was  decided  to  oonstmct  the  sewer  entirely. 
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c,  instead  of  concrete,  as  called  for  in  the  contract.  Mixing  concrete 
Br  is  expensiye  and  not  always  satisfactory.  The  manholes  and  diTer- 
Ambers  were  built  entirely  of  concrete,  with  the  exception  of  the 
>r  at  Logan  Ave. 

OpBN  Cut 

of  2  ft.  6  in.  X  3  ft.  0  in.  two-ring  briclc  sewer,  lin.  ft 208 

ards,  excavation .- . . .  815 

ards,  backfilling 690 

timbered,  square  feet 7 ,  600 

ards,  briclcworlc 70. 7 

Bed 33.857 

for  brickwork,  bags 860 

r  brickwork,  cubic  yards 36 

ards  Class  " B "  concrete  (in  manholes) 28. 6 

ards  surplus. . .  .*. 125 

Unit        Usit 
cost  per  eost  p«r 
Time       lin.  ft.     eu.  yd. 


n*. . 
nan. 


I. 

8. 


/er. 


iding  B.    t  Including  E. 


Dbtribution 

hours 

hours 

hours 

A 

260 

1.25 

.82 

A 

235 

1.13 

.29 

A 

1,790 

8.60 

2.20 

A 

324 

1.56 

.40 

B 

265 

1.27 

•  •  •  « 

C 

412 

2.00 

.60 

D 

40 

.82 

D 

75 

•   •   •   • 

.60 

F 

5 

■   •   ■   • 

.18 

F 

122 

•   •   •  • 

.42, 

K 

235 

1.13 

8.00'' 

K 

644 

3.10 

9.10 

P 

73 

.85 

P 

54 

.27 

•  •  •  • 

•ete  Section  (2/f.  2  in.  X  3  ft.  3  in.)  with  One  Ring  of  Brickwork  in  the 
-In  this  section  the  excavation  was  carried  on  in  the  same  manner 
tie  2-ft.  6-in.  X  3-ft.  9-in.  section,  but  much  more  rapidly,  as  the 

depth  of  trench,  which  was  14  ft.,  was  considerably  less  and  the  class 
hrough  which  the  sewer  ran  did  not  require  much  timbering.    Just  as 

excavation  was  completed  to  sub-grade  the  concrete  was  placed  in 
irt  and  the  following  day  the  brick  invert  was  laid.  This  was  done  so 
i  concrete  forms,  which  were  made  in  three  sections,  could  be  braced 
Ktttom.  The  concrete  in  the  side  walls  was  then  run  and,  if  possible. 
;rete  was  placed  in  the  arch  on  the  same  day.     If  this  was  impossible, 

key  was  left  and  the  concreting  proceeded  with  from  this  point  the 
g  morning.  The  mixing  was  done  in  a  >^-yd.  gasoline  mixer  and 
>y  means  of  chutes.  The  absence  of  reinforcing  simplified  pouring  of 
>  considerably.  After  the  concrete  had  set  sufficiently,  the  tongued 
oved  forms  were  removed  and  any  necessary  finishing  was  done, 
le  end  of  this  section  a  special  diversion  chamber  was  constructed 
eaping  weir  and  a  connection  for  a  future  extension.  This  chamber 
stmcted  entirely  of  brickwork,  which  was  usually  found  to  be  cheaper 
icrete.  as  no  form  work  is  required,  and  therefore  no  waste,  and  the 
uld  be  continued  from  day  to  day  without  any  delays. 
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Material  and  Unit  Labor  Cost  of  Concrbte  Sbwkr  with  Brick  Imyxr 

Len^h  of  sewer  (2  ft.  2  in.  X  3  ft.  3  in.),  lin.  ft 878 

Cubic  yards  of  excavation 2 ,  050 

Cubic  yards  of  backfilling 1 ,  610 

Trench  timbered,  lin.  ft 1 ,  756 

Cubic  yards,  surplus 440 

Cubic  yards,  Class  "B* 265 

Brick  used 11,240 

Brick,  cubic  yards 27 

Cement  for  brickwork,  bags 126 

Sand  for  brickwork,  cubic  yards 13 

Cement  for  concrete 1 ,  510 

Stone  for  concrete,  cubic  yards 310 

Sand  for  concrete,  cubic  yards 186 


Item 

Foreman.  . . 
Engineman. 
Carmen. . . . 
Laborers  — 
Laborers  — 
Laborers . . . 
Foreman.  .  . 
Laborers . . . 

Teams 

Laborers . . . 
Laborers . . . 
Foreman .  .  . 
Bricklayers . 
Laborers . . . 
Engineman. 
Laborers. . . 

Teams 

Foreman .  . . 
Labor 


Unit 

UnH 

cost  per 

coetiMr 
lin.  ft. 

Time 

cu.  yd. 

Distribution 

hours 

hours 

houxs 

A 

400 

.19 

.45 

A 

423 

.20 

.48 

A 

845 

.41 

.96 

A 

2,465 

1.20 

2.80 

B 

600 

•  •   •   • 

.70 

C 

380 

.23 

.48 

C 

30 

.02 

.04 

D 

20 

.05 

.02 

D 

190 

.44 

.22 

E 

512 

•  •   ■  • 

.68 

F 

870 

3.30 

1.00 

F 

160 

.60 

.18 

K 

135 

5.00 

■    ■    •  a 

K 

300 

11.11 

■    •   •  • 

Ci 

12 

•   •   •  • 

.02 

^1 

12 

•   •   •   ■ 

.44 

^1 

150 

•   ■   ■   • 

.16 

% 

70 

■   •    •    • 

.12 

135 

•   •    ■   • 

.16 

Labor  Costs  on  a  8-Ft.  Semicircular  Storm  Sewer. — E.  W.  Robinson  gltei 
the  following  records  of  the  actual  cost  of  labor,  exclusive  of  excavatloii  and 


Fig.  9. — Section  of  the  sewer. 


back-filling,  for  constructing  290  ft.  of  36-in.  semidrculu'  stonn  feww.  In : 
neering  Record,  Aug.  3,  1912.    The  arch  consisted  of  one  ring  of  pAvtog  briok 
laid  in  cement  mortar  to  which  had  been  added  a  small  amount  of  Unw  aid 
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plastered  aa  tbe  outside  to  a  thickness,  of  ebout  H  in.  Tbe  invert  was  of 
concrete,  4  in.  in  tiiickness,  with  »  H-in.  surface  finish  of  cement  mortar. 
The  centering  was  made  12  ft.  in  length,  and  was  wedged  up  2  in.  from  tbe 
invert.  As  soon  as  this  length  oC  sewer  was  completed,  including  the  plsytfir 
ing,  the  centering  was  lowered  and  pulled  ahead  and  wedged  up  again,  care 
being  taken  to  avoid  disturbing  the  brick  previously  laid.  Not  more  than  15 
min.  was  lost  each  time  in  shifting  the  centering. 

The  concrete  for  tbe  invert  was  mixed  in  the  pnqxkrtion  of  one  part  oemMit 
to  six  parts  gravel  or  mine  "  taiUngs."  A  No.  9  Coltrin  ccmtinuous  mixer  was 
used  throughout  the  job  and  the  concrete  was  shoveled  into  place  from  the 
bank.  The  mortar  for  tiie  finiedi  was  mixed  by  hand  in  the  proportion  of  1 
part  of  cement  to  IH  parts  cf  river  sand.  The  concrete  gang  consisted  of  a 
f<xreman  and  seven  men.    . 

LaBOB   ChABGBS  on   CoNCBBTB   iKVUtT 

1  foreman,  17  hours  @  $0.65K $  fi.44 

1  finisher,  17  hours  (^.|0.33H. . .^ 6.67 

1  feeding  mixer,  17  hours  @  %0.22$i 8.77 

1  shoveling  from  mixer,  17  hours^  10.22^ : 8.7T 

1  mixing  and  carrying  mortar,  17  hours  @  tO.26 4.25 

1  Btriking-ofF  and  tamping  concrete,  17  hours  ®  $0.25 4.25 

2  setting  forms  and  trimming  bottom,  30  hours  @  $0.22H 6. 67 


Total  for  290  lineal  feet $87. 

Per  cubic  yard  of  concrete 2. 85 

Fet  lineal  foot  of  sewer ^ 0. 3A 

The  brick-laying  gang  consisted  of  two  masons  and  two  helpers,  who  mixed 
and  carried  the  mortar  and  carried  the  brick  from  piles  about  50  ft.  fxoai  the 
line  of  the  work.  It  will  be  noted  that  the  cost  of  laying  the  brick  was  rather 
high,  which  was  due  to  the  fact  that  neither  mason  was  an  adept  in  this  daas 
of  work,  both  having  done  only  the  roughest  kind  of  work  before. 

Labor  Chabges  on  Brick  Abch 

2  brick  masons,  74  hours  @  S0.44f^ $31.78 

2  helpers,  74  hours  @  $0.22H 16.44 

Total  for  290  lineal  feet $48.22 

Per  1000  brick $  4.00 

Per  lineal  foot  of  sewer 0. 166 

Costs  of  Brick  and  Concrete  Sewer  Construction. — Engineering  and  Con- 
tracting, June  28,  1911,  gives  the  following  data,  taken  from  a  paper  on  Exca- 
vation, Foundations  and  Sewer  Work  presented  before  the  Western  Society 
of  Engineers  by  Victor  Wlndett. 

From  an  average  of  6,000,000  brick  laid  in  two  and  three  ring  sewers  in  and 
near  Chicago  it  is  determined  that  there  are  520  brick  required  per  cubic  yard 
of  masonry.  This  average  is  taken  for  brick  as  counted  in  cars  or  wagons, 
including  breakage.  As  it  is  ciistomary  to  lay  all  bats  of  one-half  brick  or 
greater  in  the  outer  rings  of  the  arch,  the  loss  from  breakage  is  trifling.  As 
shipped  from  the  brick  3rards^  sewer  brick  are  uniformly  of  good  quaUty. 
Ai^  underbumed  w  soft  brick  found  tn  the  kUns  are  broken  up  or  sold  for 
building  bride.  The  sise  of  Chicago  hard  sewer  brick  will  average  8^  X 
^H  X  2^6  ins.  The  use  of  jdm.  bats  as  indicated  is  not  detrimental  to  the 
vaUtj  of  the  work»  as  the^vtrados  is  thickly  plastered  with  cement  mortar, 
tBdaUjointeweU  filled. 
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Brick  Sewers.-^The  organization  of  a  bricklaying  gang  is  as  foUows:  A 
foreman,  whose  duty  it  is  to  keep  a  steady  supply  of  everything  needed  far  the 
use  of  the  masons,  is  placed  on  the  berm  of  the  trench.  Each  2  brleklayen 
has  a  helper  in  the  bottom.  According  to  the  depth  of  the  trench  there  we 
1  to  3  scaffold  men  for  each  tender  and  a  brick  tosser  on  the  bank,  and  1  nuxtar 
carrier.  Two  mortar  makers  will  serve  4  masons.  From  2  to  6  men  m 
required  to  take  down  the  arch  centering  of  ribs  and  lagging,  pass  it  ahead,  and 
set  it  up  again.  It  is  uneconomical  to  work  an  odd  number  of  mascmB,  as  the 
same  number  of  auxiliaries  can  serve  2  masons  as  easily  as  one. 

The  average  day's  work  of  a  mason  working  8  hours  was  found  to  be  4,000 
brick  laid  in  place.  The  maximum  number  laid  per  day  was  an  average  of 
two  days'  work  on  a  2  ft.  diameter  two  ring  sewer  in  a  moderately  -wet  tnacfa 
where  an  average  of  7,583  brick  were  laid  per  man.  The  minimttrn  h^ypcned 
to  be  on  a  larger  and  easier  sewer  to  build  where,  however,  other  advem 
circumstances  cut  the  day's  work  to  2,700  brick.  A  safer  average  is  8,fiOO 
brick  per  man  per  day. 

Table  X,  based  on  4,000  brick  per  day,  gives  the  output  and  rate  of  eon- 
struction  for  various  sizes  of  sewers  which  ought  to  be  reasonably  expected, 
as  it  is  the  rate  maintained  for  four  years'  time. 

Table  IX. — Bbicklatinq,  Fobcb  and  Cost  or  2  Ring  SswaBS 

Diameter  of  sewer  in  ft. . . 2-4 4  8  — • 

No.  men         Cost  per  day  No.  men  Coat  per  day 

Bricklayers 4  $40.00  6  $60.00 

Tenders 2  7.50  3  11.26 

ScafToldmen 2  5.50  3  8.26 

Brick  tossers 2  4.50  3  6.76 

Brick  wheelers 2  4.00  4  8.00 

Sand  throwers 2  4. 50  3  6.75 

Mortar  mixers 2  5.00  4  lO.OO 

Mortar  carriers 2  4. 50  4  9.00 

Water  boy 1  1.60  1  1.60 

Team M  3.00  1  .6.00 

Foreman 1  5.77  1  5.77 


Total 20H  $85.77  88  $188.27 

Brick  and  cement  teaming  4M  men  at  $6.00;  •    27.00  7  men  42.00 

Total 25  men               =  112.77  40  men  -  175. J7 

No.  of  men  to  1  bricklayer     6  6H 

Table  X. — Length  of  Sewbb  Peb  Day's  Work  and  Cost  Pkb  Foot 

3  Rings ^2 


2  ft 139  ft.  $0.81  209  ft.  $0.81 

2Hft 107  ft.  1.05  160  ft.  1.01 

3  ft 102  ft.  1.10  158  ft.  1,14 

3H  ft 88  ft.  1.28  132  ft.  l.U 

4  ft 75  ft.  1.50  112  ft.  1.68 

4H  ft 68  ft.  1.66  108  ft.  1.70 

5  ft 55  ft.  2.08  83  ft.  8.10 

Working  an  odd  number  of  masons  is  expensive,  as  1  tukder,  toeser,  seaffbldr 
man,  sand  thrower  and  mortar  carrier  can  attend  to  2  masons. 
Bricklaying  per  mason  per  day,  4,009.     (Ave.  of  28,177  ft.  of  work.) 

Manholes. — Brick  manholes  are  usually  built  8  ft.  internal  diameter  of  tii« 
bricks  in  thickness  or  9  ins.  The  inner  ring  is  built  with  briek  sUiidliiff  CB 
end  and  bonded  every  fourth  course  with  one  course  laid  flat.  The  obIV 
ring  is  built  best  of  half  bricks  or  bats  laid  flat. 

The  most  economical  way  of  building  brick  manholes  Is  to  use  a  Ifi^ ' 
druntt  slightly  conical  in  shape  as  a  form  against  which  to  lay  bukdc 
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need  not  be  owt  H  in.  and  is  for  the  purpoM  of  making  it  etusy  to  ralae  tbe 
form  as  the  bffcdcwork  requiras.    The  height  of  the  form  or  drum  is  usually 

3  ft.,  so  as  not  to  make  it  too  heavy  for  ease  of  handling.  When  iron  slept 
are  placedin  the  manhole,  a  slot  can  be  cut  into  the  drum  1  in.  larger  all  arooDd 
than  the  step  for  dbeamnoe. 

In  case  steps  are  uied  they  are  best  spaced  approximately  10  ins.  apart; 
a  width  of  9  ins.  is  sufficient.  The  best  form  of  step  is  that  used  On  tetephooe 
poleSk  in  which  the  foothold  or  step  is  bent,  or  dropped  1  in.  below  tbe  aidea, 
BO  as  to  prevent  a  user's  foot  from  slipping  off  sidewise.  The  ends  should  pro- 
feet  throuc^  to  the  outside  of  the  wall,  and  bend  up  1  or  2  ins. 

In  building  manholes  or  catch  basins,  two  bricklayers  should  work  togethec 
on  account  of  requiring  no  more  helpers  than  one  mason.  It  is  better  to 
raias  nianholas  jvhen  the  bricklayers  cannot  work  on  the  sewers,  so  as  not  to 
diaorgianize  the  main  work  of  the  masons;  their  work  ia  to  push  oon/rtnidioa 
of  the  sewer  its^  at  top  speed. 

Manholes  on  pipe  sewers  axe  best  built  up  to  the  center  line  of  the  sewer  ii 
aocm  as  poasiUe  after  the  excavation  is  made,  so  that  pipe  laying  may  procfjed 
without  delay.  In  some  cases  it  is  possible  to  do  this  ahead  of  pipe  laytag» 
which  is  highly  advantageous,  and  then  complete  the  mazihole,  when  the 
mason  is  not  preparing  another  bottom. 

The  cost  of  such  holes  is  shown  in  Table  XI,  in  which  is  given  average  ooata 
for  178  manholes. 

Tablb  XI. — Bkzck  Manholb  Costs 

Height  of ^Labor Cement,    Materials 

EBae  of  sewer     manhole     Hours     Cost     Brick      bbls.  Cost        Total 

4  ft.  6 in.  brick..  6.8  9.0  $5.32  713  1.4  $9.70  $15.02 
3ft.  6 in.  brick..  5.9  10.4  4.9«  727  1.4  9.78  14.74 
3  ft.  0  in.  brick...  5.3  11.1  4,95  026  1.8  9.81.  18.76 
2  ft.  Din.  brick...  6.1  9.0  4.80  727  1,4  9.80  14.60 
1ft.  6 in.  pipe...  8.8  31.1  13.60  1.262  2.6  13.50  26. $0 
1ft.  3  in.  pipe...  8.4  31.0  13.76  1.141  2.4  12.81  26.56 
1  ft.  0  in.  pipe. . .  7.9  27.9  12.06  1.100  2.2  12.10  ^4^15 

Ave.  brick 5.7  10.2  4.93  698  1.4  9.83  14.78 

Avcpipe 8.2  29.0  12.62  1.168  2.4  12.80  25.42 

Height  of  manholes  for  brick  sewers  is  measured  from  extradoe  of  arch;  iot 
pipe  sewers  it  is  the  full  height  of  the  brickwork. 

A  summary  of  Table  XI  b  as  follows: 

Average  sixe,  3  ft.  diam.;  7  ft.  11  ins.  high;  9  in.  walls. 

No.  brick  each,  1,080,  or  2.62  cu.  yds. 

No.  bbls.  cement,  2.3. 

Volume  of  masonry  per  lin.  ft 0.3 

Labor  in  hrs.  per  manhole 21 

Labor  in  hrs.  per  lin.  ft.  in  height 2. 65 

Labor  per  cu.  yd.  masonry  hrs 8.8 

Labor  cost  per  manhole $10. 67 

Labor  cost  per  lin.  ft.  manhole $  1 .  36 

Labor  cost  per  cu.  yd.  masonry $  4 .  23 

Average  rate  of  wages,  including  masons,  helpers  and  team  $  0. 61 

Table  XIJ  shows  the  average  costs  of  concrete  manholes. 

TaBUB    XII. CONOBBTB    MaNHOLB    COBTS 

Conerete  Hand-mixed      Maohine-mixed 

Height 13  ft.  0  in.  lift.  3  in. 

Inade  diameter 3  ft.  6  in.  3  ft.  6  in. 

TfaidEneas  of  concrete 8  in.  8  in. 

Conerete  per  lin.  ft.  of  height,  cu.  yds .37  .37 

NaaJberolBsaiiholfls.. 28  .10 
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Costs  Pkr  Manholb 

Hra.         Cost  Hn.  Cort 

Haul  of  mixer 1.0  $0.45 

Unloading  sand  and  stone 2.2         $0.39  2.2  0.89 

Unloading  cement 0.9           0.18  0.9  0.18 

Delivering  to  mixer 6.3           1.20  13.0  2.79 

Mixing  concrete 4.2          0.99  14.8  3.58 

Wheeling  concrete 5.2           1.20  11.7  1.95 

Spreading  and  tamping 3.8           0.86  3.8  0.86 

Runways 2.2  0.50 

Forms 15.9           4.16  16.9  4.16 

Total 38.5         $8.98       65.5       $14.86 

Superintendence 1.5  .97         1.5  .97 

Total 40.0  $9.95  67.0  $15.83 

Cost  per  foot  of  height 3.1  0.77  -  6.0  1.40 

Rate  of  wages' per  hour 0.26       0.884 

Cost  Per  Cubic  Yard  of  CoNCRBTa 

Haul  of  mixer 0.2  $0. 10 

Unloading  sand  and  stone 0.5  $0.09  0.5  0.09 

Unloading  cement 0.8  0.05  0.3  0.06 

Delivering  to  mixer 2.9  0.63  2.0  0.68 

Mixing  concrete 2,1  0.52  2.6  0.61 

Wheeling  concrete 2.5  0.60  1.9  0.48 

Spreading  and  tamping  concrete 1.0  0.23  1.0  0.88 

Runways 0.6  0.18 

Forms 3.6  0.99  3.6  0.99 

Total 12.9         $3.11       13.6         $3.85 

Superintendence .5  .26  .5  .86 

Total 13.4         $3.37       14.0         $3.61 

Brick  Catch  Basins. — Brick  catch  basins  are  built  in  Chicago  with  a  24ii. 
plank  bottom.  The  basins  are  4  ft.  internal  diameter  for  6  ft.  6  ins.  hd^ 
and  draw  in  to  a  diameter  of  2  ft.  in  20  ins.  of  height.  A  9-in.  half  tTtap  isiflt 
with  the  bottom  3  ft.  6  ins.  above  the  planking.  The  brick  work  Is  8  ins.  iB 
thickness. 

Catch  basins  are  best  built  toward  the  close  of  piece  of  sewer  work,  as  QM- 
ally  the  soil  is  then  somewhat  drained  by  the  sewer. 

A  small  gang  of  diggers  is  organized  so  as  to  keep  just  ahead  of  the  muoDt- 
Two  men  are  put  to  digging  each  hole;  no  sheeting  need  be  used,  as  the  hole  ii 
open  for  so  short  a  time  as  to  render  caving  unlikely.  The  sides  aie  atopfld 
just  enough  to  prevent  slides.  In  case  of  wet  ground,  four  to  six  wsU-pointi 
attached  to  a  diaphragm  pump  will  be  needed. 

As  soon  as  bricklaying  is  begun,  two  men  are  put  to  digging  for  and  layiOf 
the  discharge  pipes  from  the  basins  to  the  sewer.  The  work  so  organised  ci& 
be  cheaply  and  quickly  built. 

The  cost  of  basins  and  connections  are  given  below: 

Catch  Basin  Costs 

Number  on  which  costs  are  based,  212,-4  ft.  diam.,  8  ft.  high. 
Soil,  sand. 

Labor  cost,  345  hours $18.22 

Materials — 1,100  brick  at  $6 6.60 

60  B.M.  lumber  at  $10 72 

2.2  bbls.  cement  at  $0.636 1.40 

19  in.  half  trap 1.45 

1  cover 5.26        .  : 

Superintendence « 1 . 


Total $29.80 
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idanks  for  the  bottom  were  cut  out  of  worn-out  short  aheeting  which 
le  full  service  in  the  sewer  construction  and  hence  were  changed  to  the 
asins  at  a  low  cost. 

Catch  Basin  Connections 

Per  ft. 

13.1  hrs $  4.23 

Js — 9-in.  pipe $5. 50 

nt 18  J  5.7« 


;.50  1 
.18  f 
.08  J 


5.76 

tendence 0. 50 

per  foot,  $0.65H $10.49 

Costs  Pbb  Foot  of  Main  Sbwer 

Brick  Pipe 

Sewers  Sewers 

es $0,090  $0.19 

•adns 0.253  0.258 

laain  connections 0. 089  0. 089 

$0,432  $0,532 

wer  work  the  operations  naturally  fall  under  three  headings,  yis.: 
ig,  masonry,  general  labor.  Trenching  includes  excavation,  sheeting 
bcing,  pumping  and  backfilling.  The  distribution  of  expense  of  the 
operations  of  construction  is  given  in  Table  XIII,  which  is  based  on 
ineal  feet  of  work. 

XIII. — Propobtional    Division    of    EIxpbnses    of    Constbuction 

Concrete      Brick  Pipe 

Sewers  Sewers  Sewers 

ion  labor 12.1%  20.7%  22.3% 

I  and  bracing  labor 7.0  10.0  7.2 

ing  labor 4.9             3.3  6.0 

glabor 6             2.3  10.0 

trenching  labor 24.5  36.3  45.5 

sr  labor 25.0  20.0  4.9 

ig  superintendence 4.5  5.2  4.6 

labor 54.0  61.5  55.0 

Is  and  supplies 41.6  30. 0  29. 6 

cpense 4.4  8.5  15.4 

3 100.0         100.0  100.0 

le  time  when  the  invert  is  placed  in  the  concrete  or  brick  sewers,  the 
67  and  65  per  cent,  respectively,  completed. 

of  Large  Brick  and  Concrete  Sewers  in  Chicago. — The  following  is 
om  a  paper  by  H.  R.  Abbott,  before  the  Illinois  Society  of  Engineers 
-veyors,  as  reprinted  in  Engineering  and  Contracting,  Feb.  11,  1914. 
the  exception  of  very  small  stretches,  all  of  the  work,  described  in 
)er  is  built  in  good  stiff  blue  clay,  in  the  Sanitary  District  of  Chicago. 
39fA  Street  Conduit. — The  total  length  of  this  conduit  was  2,346  ft., 
1  1,868  ft.,  was  plain  concrete,  a  section  of  which  is  shown  in  Fig.  10, 
I  ft.  reinforced  concrete,  the  reinforced  section  being  under  railroad 
J.  It  is  12  X  14  ft.  in  size,  of  elliptical  section. 
HUxon. — Excavation  was  started  in  open  cut.  A  Bucyrus  70-ton  steam 
vas  used  with  a  IH  cu.  yd.  dipper.  The  shovel  was  mounted  on  five 
(-in.  timbeiB,  30  ft.  long,  with  two  2-in.  truss  rods  to  each  timber. 
17 
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The  top  4  ft.  of  trench  was  excavated  about  3  ft.  wider  than  the  outside  lines 
of  the  masonry,  since  no  bracing  was  put  in  near  the  top  of  the  trmch.  Bdow 
this  the  trench  excavation  was  made  to  the  exact  width  of  the  masoniy,  ptufl 
an  allowance  of  4  ins  for  sheeting.  Although  a  variation  jbi  and  out  was 
imavoidable,  it  did  not  exceed  2  ins.  in  either  direction.  The  trench  width 
was  15  ft.  8  ins.;  average  cut  was  23  ft.  6  ins.,  making  an  excavation  of  18.7 

cu.  yds.  per  running  foot.  On  ac- 
count of  the  deep  cut,  the  shovd 
was  equipped  with  a  36-ft.  boom 
and  a  54-ft.  dipper  handle.  As 
there  was  liability  of  slides  and 
cave-ins,  the  excavation  was  han- 
dled in  two  lifts.  On  the  first  mn 
the  shovel  excavated  the  top  10  ft.. 
using  9-ft.  sheeting  with  one  set  of 
bracing  placed  about  6  ft.  beioir 
the  ground  surface.  The  shovel 
dug  ahead  of  the  finished  cut  fRxm 
75  to  100  ft.,  then  backed  up  and 
excavated  the  lower  13H  ft.  The 
lower  lift  was  taken  out  between 
steel  beams,  each  built  up  of  two 
10-in.  I-beams  with  cover  plattf» 
50  ft.  long,  held  in  place  by  sciev 
braces  set  7  ft.  back  from  each 
end.  This  replaces  the  ordinaiy 
wooden  bracing  and  allowB  »  tree 
movement  of  the  dipper  In  the  trench  for  three  moves  or  36  ft.     When  ft 


^3-5^'4-3-5i^' 


Fig.  10. — Cross  section  of  plain  concrete 
portion  of  the  new  West  39th  St.  con. 
duit,  Chicago,  111. 


section  is  finished,  the  beams  are  carried  ahead  by  the  dipper,  the 
braces  are  replaced  on  the  top  sheeting,  and  another  set  of  9  ft.  ■h**'^!!^ 
is  placed  with  two  sets  of  braces  for  the  lower  portion  of  the  trench,  the  loirer 
end  of  the  sheeting  being  at  a  point  where  the  invert  curve  meets  the  aide  wiU. 
The  lower  sheeting  back  of  the  concrete  was  left  in  permanently.  The  bottom 
was  trimmed  and  shaped  by  four  or  five  bottom  men,  the  material  being  cant 
ahead  where  the  shovel  could  reach  it.  An  iron  frame  or  template  built  to 
the  dimensions  of  the  outside  lines  of  the  masonry  was  set  up  every  12  ft.  ••  » 
guide  in  trimming  the  sides.  The  excavated  material  was  loaded  direct  froo 
the  shovel  on  to  4-cu.  yd.  dump  cars  operating  on  a  3-ft.  gage  track.  Oidl- 
narily,  the  upper  lift  made  the  backfill,  and  the  lower  lift  was  run  to  a  npoil 
area  in  McKinley  Park,  a  haul  of  about  H  mile.  The  sheeting  wu  2  X  10 
in.  hemlock,  the  braces  8  X  8  in.  and  6X6  in.,  with  strltigen  6  X  8  In.  of 
yellow  pine. 

Concrete. — The  concrete  mixer  was  mounted  on  timben  to  apen  the  tranoh. 
A  No.  2  Chicago  mixer,  holding  25  cu.  ft.  of  dry  material,  was  used.  Adjnnt- 
able  spouts  were  used  for  pouring  the  concrete,  the  spout-maa  fttwiilng  oa 
braces  in  the  trench  and  defiecting  the  concrete  to  any  point  lequiied.  The 
pouring  was  made  in  three  runs,  each  usually  being  about  16  ft.  loQg.  Ttao 
first  or  dish  extended  to  2  ft.  above  the  bottom  of  the  trench;  the  neoond,  or 
sides,  extended  2  ft.  above  the  springing  line;  the  third  or  ardi  completing  the 
section.  The  invert  was  shaped  up  with  a  wooden  tempUte  or  bulklwad. 
conforming  to  the  inside  and  outside  lines  of  the  masoniyi  on  ^Hilch  the  foattl 
were  placed  after  the  concrete  was  set.    The  forms  were  built  up  of  2  X  Mii 
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I  XJV. — Vvar  Goer  or  CoNBrxucrora  tbk  Plain  Concbbtb  Saonoif  or 
B  Wb8t  30th  St.  Conduit — Sub,  12  X  14  Ft. — ^Avo.  Cut,  23  Ft.  6  Inb. 


ation,  labor $  2. 53 

ation,  plant 

n 

cliiHKXBal 

laneous 


n*. 


ite  masonry. 

ye 

lent 

i 

irel 

it 


Per 

Per 

lin.  ft. 

oil.  yd. 

$  2.53 

80.188 

0.64 

0.046 

0.86 

0.148 

0.80 

0.120 

0.76 

1.21 

0.00 

10.42 

•  •  •  •  • 

1.816 

1.066 

0.676 

1.103 

0.084 

Jtal $18.20        $4. 133 

percentages:  For  material  and  plant,  64  per  cent;  for  labor,  46  per  cent. 

I  XV. — Construction,  Fobcb  and  Ratks  of  Patmunt  on  W.  30th  St. 
Conduit,  to  Accompant  Costs  in  Tablh  XIV 

Waceper 
»loyee  day 

intendent 88.00 

si  engineer 7.00 

$y  engineers,  each 8.60 

eman 4.60 

an 8.00 

hmen,  each 2. 86 

len,  each 1 ,75 

passer 2. 60 

len,  each 4. 60 

ng  engineer 1 6. 60 

m  men,  each 3. 86 

0  laborers,  each 2. 60 

6.00 

nter 4.80 

inist 8. 50 

inist's  helper 2 .  60 

boy 2.00 

rial  man 2 .  50 

iman 2 .  60 

•  boys,  each 1.00 

,  laid  on  6-in.  channels,  bent  to  shape.  At  the  springing  line,  a  6  X  6- 
)er  rested  on  angles  bolted  to  the  channel,  being  held  in  place  by  a  ;^-in. 
ining  through  both  timber  and  angle.  Alter  the  sides  were  poured 
,  the  braces  were  removed  and  the  lagging  placed  for  the  crown.  The 
Is  for  the  arch  were  reinforced  with  two  plates. 

lanhoies  were  built  and  no  lateral  connections  were  made,  but  24-in. 
•e  set  in  the  arch  at  intervals  for  future  connections.  The  contract 
d  a  concrete  composed  of  1  part  Portland  cement,  3  parts  sand,  and  5 
rufidbied  stone  or  gravel;  the  engineer,  under  the  specifications,  having 
Lt  to  vary  the  proportions  of  fine  and  coarse  aggregate,  but  maintain- 
proportion  of  1  part  cement  and  8  parts  aggregate.  Grav^  proved 
iiat&cioiry.  The  mix  was  fairly  wet,  except  on  the  crown  of  the  arch, 
.  dry  mix  was  necessary  to  prevent  the  concrete  running. 
(wtngfi  progress  per  day  ol  0  hours  was  30  ft.  for  both  shovel  and  mixer, 
plain  section.    This  means  420  cu.  yds.  of  excavation,  with  disposal  in 
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backfill  or  spoil  bank.  The  actual  coet  of  excavation,  backfill,  and  spoUiiif  ou 
be  seen  by  reference  to  Table  XIV.  The  concrete  averages  2H  cu  ydB.  per 
ft.  A  daily  average  of  75  cu.  yds.  was  placed.  The  average  progress  per  diy 
on  the  reinforced  section  was  24  ft.  per  day,  the  slowing  up  being  due  to 
the  time  used  in  placing  the  reinforcing  steel. 

On  the  same  platform  with  the  mixer  was  moimted  a  small  boom  denidc  and 
hoisting  engine.  This  facilitated  the  removal  of  stringers  and  braces,  and 
pulled  the  mixer  platform  back  and  forth.  The  material  for  concrete  WM 
delivered  to  a  platform  laid  on  the  ground  alongside  of  the  mixer,  bdof 
hauled  in  4-cu.  yd.  dump  cars  by  dinky  engines  an  average  distance  of  H  mOB- 

Reinforced  Section. — This  section  is  of  the  same  dimensions  as  the  pialn« 
but  was  reinforced  to  strengthen  the  conduit  where  it  passed  under  nOroed 
property.  The  same  methods  of  construction  were  used  as  on  the  {date 
section.     The  reinforcing  steel  averaged  44  lbs.  to  the  cubic  yard  of  coocRte* 

Backfill. — Backfill  was  made  by  the  4-yd.  dimip  cars,  track  being  swifflf 
in  over  the  conduit  as  the  filling  progressed.  Centers  were  left  in  untU  the 
sides  were  thoroughly  compacted  and  at  least  1  ft.  of  filling  had  been  placed 
over  the  top  of  the  arch.  Unit  costs  on  the  reinforced  concrete  portioB  d 
this  sewer  are  given  in  Table  XVI. 

Table    XVI. — Unit    Cost    of    Constructino    thu    Rsinfobcbd    CoNCBin 
Suction  of  the  W.  39th  St.  Conduit — Size,  12  X  14  Ft.  Avq.  Cut,  22  Ft. 


-Cost- 


Per  P^ 

Item  lin.  ft.        on.  yd. 

Excavation,  labor S  2.48  $0.19J 

Excavation,  plant 0. 64  0.0m 

Backfill 1.24  0.«> 

Waste  disposal 0.81  0.041 

Miscellaneous 2. 26  

Coal 1.21  

Lumber 0.99  

Concrete  masonry 14 .  85 

Labor 

Cement 

Sand 

Gravel 

Reinforcing  steel 

Plant 


Total 823.93         85.«* 

Cost  percentages:  For  material  and  plant,  53  per  cent;  for  labor,  47  per  fltft 


SotUh  52nd  Are.  Sewer  (Cicero  Section). — This  is  a  three-ring  brlck 
with  a  total  length  of  10,000  ft.,  of  which  7,300  ft.  was  7H  ft.  and  8,700 it 
was7ft.  in  diameter;  1,050  ft.  of  the7H-ft.  section  was  in  tunnel. 

With  the  exception  of  the  tunnel  the  entire  sewer  was  built  on  the  Um  d 
an  old  4  X  5-ft.  wooden  box  sewer.  The  sewage  flow  was  usually  beld  biflk 
for  periods  of  8  to  16  hours,  depending  on  rain  fall,  by  a  temponiy  gitoi 
consisting  of  an  enclosed  box  3  X  3  X  12  ft.,  having  a  sliding  door  wwMldm 
vertically  about  4  ft.  from  the  upstream  end.  The  cM.  wooden  booE  ■ewer  mi 
first  uncovered  at  a  point  600  to  1 ,000  ft.  ahead  of  the  steun  sboveL  AfMr  d 
the  top  was  removed,  the  gate  was  lowered  into  the  old  box  ana  padoBd  iB  J 
place  with  sand  bags.  The  gate  was  operated  by  a  lever  at  the  ground  IndL  J 
by  a  night  watchman,  who  generally  closed  the  gate  at  6  a.  m.  uid  opened  ttil  I 
7  or  8  p.  m.  A  45- ton  Bucyrus  steam  shovel,  equipped  ^th^ «  IK-ML  9^  I 
dipper,  excavated  the  trench,  placing  the  excavated  mat^lM  vIoiibMb.    libi  j 

.         J 


,   I  ■ 
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averagd  eut  was  21  ft.  made  in  a  single  out.  The  ezlrtiDg  box  mirer  wm 
ripped  out  by  the  aboreL  as  the  treooh  advanced. 

Sheeting  2  X  10  ins.  hy  16  ft.  long  was  used  with  three  set  of  stringen  tad 
braces.  On  about  70  per  cent  of  the  work  the  sheeting  and  one  set  of  btaoei 
and  stringers  were  left  in. 

During  the  progress  of  the  work*  several  severe  rainstcffms  ooeurred,  eatisittg 
considerable  delay  and  some  damage.  In  a  portion  of  the  work  wlieredieettng 
had  been  pulled,  a  severe  rain  caused  the  bank  to  slide,  which,  together  with 
the  added^wdght  of  the  ^>Qil  bai&,  caused  a  collapse  of  130  ft.  of  completed 
Bemer.  The  cost  of  repairs  for  this  130  ft.  was  $11.46  -per  ft.,  or  94  per  cent 
Off  the  first  cost.  On  account  of  storms  and  the  softening  of  the  bank  by  stocm 
and  gzmmd  water  shorter  lengths  ccdlapsed.  Because  of  the  nearness  to 
tnididlng  foundations,  thereafter,  sheeting  and  one  set  of  braces  was  tofi  in 
idace  at  an  additional  cost  of  90  cts.  per  running  ft.  of  sewer. 

On  the  unpaved  portion  of  the  street  the  excess  excavation  was  spoiled  over 
the  street.  On  the  balance  of  the  work  it  was  loaded  directly  into  waggoa  by 
the  shovel,  although  a  small  portion  of  the  excess  was  handled  by  m  small 
Thew  revolving  steam  shovel,  loading  wagons  from  the  spoil  bank. 

A  small  amount  of  pointing-up  proved  necessary  in  a  number  of  cases 
where  water  was  iMtssed  over  the  brick  work  as  soon  as  laid,  and  in  a  special 
ease,  ^en  the  breaking  of  the  gate  had  flooded  out  the  bricklayerabefore  the 
invert  could  be  laid  complete.  All  material  was  teamed  to  the  work,  the 
average  haul  being  H  mile.  Connections  were  made  with  all  lateral  sewen 
and  existiiig  house  connections. 

The  average  progress  per  day  on  the  7-ft.  section  was  45  ft.,  equivalent  to 
sao  cu.  yds.  of  excavaticm,  while  on  the  7H-ft.  section  the  average  progress 
was  70  ft.  per  day,  with  20  ft.  cut.  or  500  cu.  yds.  of  excavation  per  day. 
The  difference  in  the  jn'ogrras  between  these  two  sections  was  partly  due 
to  the  fact  that  the  7H-ft.  sewer  was  built  in  a  street  80  ft.  wide,  with 
open  prairie  on  one  side  and  unlimited  room  for  work,  and  the  7-ft.  section  was 
buUt  in  a  66-ft.  street  with  scant  open  space  adjacent  to  the  street.  Tables 
XVII  and  XVIII  give  the  unit  costs  on  the  7-ft.  and  the  7-ft.  6-in.  seottons 
ieq)ectively. 

Tablb   XVII. — Unit  Costs  of  CoNSTRucTiNa  the  Cicbbo  Section  or  tbb 
So.  52nd  Ave.  7-ft.  Brick  Sbwbb — Avo.  Cut,  21  Ft. 

Item 

Ezeavation,  labor $  2.22 

Exeavatioii,  plant 

Baekfin,  labor 

Backfill  plant 

Wfltfte  d'spoeal 

Pmnjping 

IfiseellaneouB 

CWi 

hwaher 

Bock  masonry 

.  Labor 

Teaming  sand  and  cement 

Bdck 

Otment 

Strnd 

$14.33  $  8.06 

I.    ?<>^<^ 
'  tliti  peceestages:  For  material  and  plant,  49  per  cent.     For  labor,  51  per  eent. 


^o 

Per 

ro 

Per 

Un.  ft. 

ou.  yd. 

S  2.22 

80.308 

0.28 

0.040 

0,81 

0.226 

0.14 

0.038 

1.00 

0.544 

0.19 

0.62 

0.35 

1.12 

7.60 

•   •  •  •  ■ 

$2.63 

0.49 

4.08 

0.57 

0.29 
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The  average  number  of  brick  laid  per  day  per  bricklayer  was  4,900  In  the 
7-ft.  section  and  5,900  in  the  7}i-tt.  section.  Backfilling  was  done  wilh  i 
Monaghan  revolving  derrick,  equipped  with  a  Page  orange  peel  bucket, 
capadty  1  cu.  yd.  This  is  a  very  efficient  machine  for  backfilling,  but  tlie 
operator  should  avoid  dropping  the  load  from  any  distance,  as  It  is  liable  to 
crack  the  masonry,  especially  when  working  during  wet  weather,  when  the 
backfilling  is  saturated  with  water. 

Table  XVIII. — Unit  Costs  of  Constbuctinq  the  Cicxbo  Skchoit  0¥  m 
South  52nd  Ave.  7-ft.  6-in.  Bbick  Sbwbb — Avbbagb  Cut,  80  F». 

Per  P» 

Item  lin.  ft.  oo.  yd. 

Excavation,  labor $1 .  63  $0.SS6 

Excavation,  plant 0. 28  O.OiO 

Backfill,  labor 0.48  O.lW 

Backfill,  plant 0.14  0.088 

Waste  disposal 0.41  0.417 

Pumping 0.16             

Miscellaneous 0. 81             

Coal 0.35             

Lumber 0. 47             

Brick  masonry 7 .  50 

Labor 

Teaming  sand  and  cement 

Brick 

Cement 

Sand 


Total $12.17  97.U 

Cost  percentages:  For  materials  and  plant,  53  per  cent.     For  labor,  47  p* 
cent. 

Table   XIX. — Constbuction   Fobcb   and   Ratbs   ot  Paymbnt  oif  Ciclio 

Section  of  the  South  52nd  Avenue  7-ft.  and  7-ft.  0-in.  Bbick  Sawutf, 

To  Accompany  Costs  in  Tables  XVII  and  XVIII 

wue 

Employes  per  vf 

1  superintendent $  8.00 

2  foremen,  each 6.00 

1  shovel  engineer 8.00 

1  hoisting  engineer 6.00 

1  cranesman 4. TO 

1  shovel  foreman 8.25 

1  derrick  foreman 2.78 

2  pump  foremen,  each S.OO 

1  watchman 8.00 

1  bricklayer 12.00 

5  bricklayers,  each 10.08 

3  tenders,    ach 8.78 

4  cement  mixers,  each 8.08 

5  cement  carriers,  each 8.81 

4  to  8  bottom  men,  each 8.78 

5  bracers,  each 4.40 

2  center  men,  each 9*Ti- 

1  blacksm  th 

1  blacksmith  helper 

3  scaffold  men  each 

3  brick  tossers,  each '*!S 

4  brick  wheelers,  each ■. •■         8.410 

6  roller  men,  each 2^80 

1  material  man ''S 

1  timekeeper 8.80 

2  Waterboys,  each 1.08 

10  to  20  common  laborers,  each '2.08 

1  to  3  teams,  each ._.  .  ^.11 


8.7» 


i 


Q)adal  ttemi  nu^  be  mutliT  of  mention,  mub  m  the  oort  of  Iwod    . 

Icm  In  B  sever  trench  of  this  size,  moTin;  plant,  etc  At  the  Dhnalt 
S..  B...  where  the  sewnr  paued  under  the  tracks,  ttie  eicsTBtko  was 
■  hand,  loaded  hito  wheellwrnTWB  ind  wheelMl  to  the  etlge  Ol  til*  tl^t- 
at  which  point  It  was  handleil  b;  the  ■»uig»-pee1  derrick. 
Hing  and  Umbering  of  the  tncks  wH  done  b;  the  railroad  compaor  at 
'n  expense.  Thli  hand  excavatloD  cost  11.35  per  cu.  yd. 
other  case  the  steam  shovel  could  not  take  out  the  bottom  on  aceouot 
iroiliiiltr  ot  a  Tiaduct.  Tbla  earth  was  scalTtrided  out  at  a  coat  ot 
IT  cu.  ;d.,  being  handled  four  times  before  It  reached  the  spbll  bank. 
lorlng  of  the  steam  shovel  a  distance  of  l.OSOft.  aoroea  a ralltoad yanl 
r  the  tunnel  section  was  tseo.  or  63  cts.  per  foot.    This  inchidea  the 


ction  ot  8.  sand 


liemantling  of  the^tovel  to  pass  under  obstructions.  At  the' start  the 
Taa  taken  off  the  railroad  spur,  moved  H  mUe  and  placed  on  timbeis 

the  trendi,  at  a  cost  of  t760. 

tl  Stclion. — The  tunnel  section,  l.OGO  ft.  long,  extends  under   the 

Park  yard  ol  the  Chicago.  Burlington  i  Quincy  Railway,  and  passes 

under  five  piera  of  the  viaduct  carrying  South  52nd  Ave.  over  the  r^- 
Td.  In  places  there  was  only  12  ft,  of  covering  over  the  roof  of  the 
The  ground  was  stiff  blue  clay,  containing  but  one  sand  pocket,  whicb 
some  earth  settlement,  risible  at  the  ground  surface.  There  were  no 
;nts  whatever  at  the  piers.     The  unit  costs  lor  the   tunnel  work   are 

Table  XX,  and  the  gang  organisations  in  Table  XXI. 

rork  was  carried  on  by  the  two  night  shifts  of  miners  and  muciieiB  and 

shift  of  brkAdayers.  working  8  hours  each,  or  a  total  of  24  hours  per 
>ne  shaft  wa^suuk,  from  which  two  headings  were  run.  In  Fig.  11  is 
Uie  method  of  timbering  in  good  atiff  clay.  In  poor  ground,  the 
I  would  be  made  longer,  with  the  lower  end  set  below  the  spring  line, 
3  X  10-bl.  plank  at  the  roof  would  be  placed  closer  together.    The  ei- 
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.  cnTAted  material  waa  dumped  from  the  ahaf t  into  railroad  can  and  hauM  3 
milea  to  Western  Ave. 

The  metbod  ol  aettlns  up  the  centers  [or  the  arch  Biter  the  invert  ii  bnlll 
and  Umbering  remoTed  ia  ahowa  In  Fig.  12,  The  loose  brkdi  seen  hulde  bI 
the  invert  support  tlie  centers,  spaced  4  ft.  apart ',  2  X  4-ln.  lugging  Is  tttu 
placed.  The  earth  at  the  roi^  Is  supported  b;  2  x  4-ln,  props  resting  m  tbe 
lagging,  reinforced  bj  a  2>j-hi.  Iron  prop  extending  from  the  Oooc  U  tba 
invert  to  the  crown  plank  at  root. 

The  average  progresB  for  24  hours  was  12^^  ft.  in  each  heading,  or  25  ft,  PM 
da;  for  both  heodiuga.  The  average  number  of  briclc  laid  per  8  hnon  [KI 
bricklayer  was  3,00a 


Fio.  12. — Tunnel  seetion  of  S,  52nd.  Ave.  sewer  abowiug  invert  built,  til 


Per 

Item  lin.  ft. 

Eicavation )  S.4g 

Waste  disposal 3,05 

Lumber 0,40 

Bleelrio  power 0.  IB 

MiscellaniKiua,  - .....,.,  1,S6 

Brick  masonry 8.35 

Labor 

Brick 

Saad..^'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.]'.'.'.'.\'.\',\',\'.'.'.\'.'.       ','.'.'.'. 

Total »1».T0 

Coat  percentaaes:  Kor  materials  and  plant.  27  per  cent.    Fn  lal 


'Note — Maaoorj'  rans  I  eu.  yd.  per  lineal  la 


SEWERS  746 

Cablk  XXI. — CoKBTBucnoN  FoBCB  AND  Ratss  ov  Patmbnt  on  7-TT.  A-IH. 
Bbick  Sswbb  in  Tunnbl,  to  Accompany  Costs  in  Tablb  XX 

Note. — The  rates  are  for  8*hour  shifts,  and  each  force  is  fw  two  headings,  one- 
lalf  the  force  working  per  shift  being  in  each  heading. 

a)  First  Shift — 8  a.  m.  to  4  p.  m. — Bricklaying. 

Wage 
Employee  per  day 

1  superintendent $10.00 

4  bricklayers,  each 10.00 

6  tenders,  each 8. 75 

2  assistant  tenders,  each 3.26 

2  cement  m  xers,  each 3 .  25 

2  car  pushers,  each 2. 60 

2  shaft  tenders,  each 2. 60 

1  hoisting  engineer 6. 60 

b)  Second  Shift— -4  p.  m.  to  12  midnight — Mining. 

Wase 
Employee  per  day 

1  foreman *     $6.00 

6  miners,  each 3. 76 

4  muckers,  each 3 .  00 

2  car  pushers,  each 2. 60 

1  shaft  tender 2.75 

4  laborers,  each > 2. 60 

1  hoisting  engineer 6. 60 

1  timekeeper 3. 00 

Cc)  Third  Shift — 12  midnight  to  8  a.  m. — Mining. 

Wace 
Employee  per  day 

1  superintendent $10. 00 

8  miners,  each 3. 76 

6  muckers,  each 3. 00 

2  car  pushers,  each 2.60 

1  shaft  tender 2. 76 

4  laborers,  each 2. 60 

1  hoisting  engineer 6. 60 

1  timekeeper 3.00 

1)  Miscellaneous. 

Wage 
Employee  per  day 

1  dump  foreman $2. 60 

6  to  12  laborers,  each 2. 00 

1  blacksmith 3. 60 

1  electrician • 4 .00 

1  carpenter 4 .  50 

1  carpenter's  helper 3 .  00 

The  average  progress  per  day  was  12H  ft.  per  heading  or  a  total  of  25  ft.  per 

y. 

The  tables  of  unit  costs  given  above  are  intended  to  cover  all  field  operations, 

duding  superintendence,  labor,  material  and  plant.    Overhead  charges 

the  contractor  are  not  included,  such  as  office  expenses,  bonding,  liability 

uranoe,  and  discount  on  municipal  bonds  on  special  assessment  work. 

rhe  item  of  plant  charge  is  a  difficult  one.     For  instance,  take  the  item  of 

am  shovels.    There  are  steam  shovels  in  service  today  that  are  25  years  old, 

ereas  others  are  worth  only  scrap  value  at  the  end  of  three  or  four  years. 

my  contractors  charge  off  the  entire  plant  to  the  job.    So  far  as  I  see,  for 

diinery  sach  as  steam  shovels,  dinkies,  etc.,  it  is  fair  to  spread  the  plant 

t  over  a  period  of  ten  years,  allowing  interest  at  6  per  cent  on  first  cost, 

s  mnirifig  a  depreciation  charge  of  16  per  cent  per  year.    Alterations,  fit" 
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ting  up,  freight,  small  tools,  etc.,  are  directly  chargeable  against  the  Job,  nd 
should  be  added  to  the  above  16  per  cent  on  cost  of  machinery  and  rimOii 
equipment  for  total  plant  charges  against  any  piece  of  work. 

In  considering  the  overhead  charge  to  be  made,  some  flgiiies  must  be  takoi 
in  making  up  ah  estimate.  This  is  more  apt  to  be  too  small  than  too  laifBi 
In  Illinois,  liability  insurance  will  cost  from  7H  to  11  per  cent  of  the  psynDt 
and  on  work  described  in  this  paper,  the  labor  item  is  about  50  per  cent  of  fli 
total  field  cost  for  open  cut  work,  and  about  70  per  cent  for  tunnel  lirariL 
This  makes  a  charge  of  SH  to  8  per  cent  of  total  for  insurance,  to  begin  ivMl 
Office  rent,  telephone,  cost  of  getting  work,  and  other  items  may  Increeaetlili 
to  10  or  15  per  cent.  Adding  15  per  cent  for  profit,  we  thus  have  25  to  80  psr 
cent  to  add  to  the  field  cost.  The  cost  per  lineal  foot  on  the  various  Jota  on 
which  cost  data  are  given  in  the  tables  and  also  the  field  cost  percentages  for  tlM 
component  parts  of  the  various  jobs  are  given  in  Table  XXII.  With  the  lU 
of  the  data  contained  in  the  tables,  reinforced  by  current  market  quotaXiODi 
on  material,  the  author  has  made  estimates  for  similar  kinds  of  sewer  woik, 
in  the  aggregate  about  one-half  million  dollars.  Such  estimates  agree  wttb 
the  low  bid  within  4H  to  7  per  cent.  In  transferring  the  unit  costs  for  woik 
already  performed  to  new  estimate,  due  consideration  must  be  made  for  dif- 
ferences in  the  local  conditions,  character  of  the  soil,  increased  cost  of  labor, 
and  the  availability  of  standard  types  of  machine  to  handle  the  woik. 

Tablb  XXII. — Cost  peb  Lineal  Foot  of  Labge  Concbkte  and  Bbicx  Sawm 

WITH      PbOPOBTIONAL      DISTRIBUTION      OP      FiBLD      COSTB 

Cicero  section 
Location  — W.  39th  St.  conduit So.  52nd.  Av-e.  aewei 

Size 12 X14  ft.  12 X14  ft.  7  ft.  7ft.  6  ins.    7  ft.  Oiiii.- 

Type Plain  Reinf.  Brick  Brick  BiiA 

cone.  cone. 

Average  cut 23  ft.  6  ins.  22  ft.  0  ins.  21  ft.  20  ft.  Tumfll 

Total  cost  per  ft $18 .  29  $23 .  93  $14 .  33  $12 .  17  S19.70 

Distribution —  % 
B  r  i  c  Ic  or  concrete 

masonry 56.9  62  53.2  61.5  47.5 

Excavation 17.3  13  17.4  16.7  83.0 

Baclcfill 4.7  5  6.6  4.7 

Waste  disposal 4.8  1  7.0  3.4  10.4 

Miscellaneous 4.1  10  4.3  6.7  6.4 

Coal 6.7  5  2.5  2.9 

Lumber 5.4  4  7.7  3.9  2.0 

PumpinR 1.3  1.2  .... 

Cost  of  Sewer  Maintenance  at  Newton,  Mass.  (Engineering  and  Contracting 
April  9,  1919.) — During  1918  the  city  engineer'sdepartment  of  Newton,  MaM.. 
cleaned  and  repaired  129.78  miles  of  sewer,  the  average  cost  per  mile  amoiuil- 
ing  to  $75.25.    The  cost  of  flushing  sewers  was  $21.20  per  mile. 

Costs  of  Operation  of  a  Sewer  Cleaner  with  Motor  Operated  Cvtten.— 
Engineering  and  Contracting,  March  15,  1911,  gives  the  foUowing:  « 

The  cleaner  consists  of  a  barrel  provided  with  four  runners  onwhlclittililBi 
when  moving  through  the  sewer.  Within  the  barrel  is  a  water  motor,  tlie 
shaft  of  which  extends  out  of  the  front  end  and  carries  a  serieB  of  hook-ehaind 
cutting  blades.  The  rear  end  of  the  barrel  is  provided  for  a  hoee  oomieotkio 
by  means  of  which  the  water  for  operating  the  motor  is  deliYered.  VtnaOf 
there  are  rope  connections  in  front  and  rear.  In  operatioa  a  hoee  tnm.  the 
nearest  hydrant  is  attached  to  the  barrel  and  the  cleaner  is  hauled  thioi^  the 
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tww between nuahtilw by  wlndlMBCBMlmUcateil by  Pig.  18.  AitbadoaiMr 
dvaaces  tbe  cuttloc  Uaika  operated  by  the  motor  cut  uid  ptnd  aamy  the 
tdlment  whkb  la  carried  away  by  the  streuD  of  wwt«  water  trom  the  motor, 
'he  bo9e  hai,  of  ooune,  to  be  long  enou^  to  leacb  fram  tbe  bydrant  down  tlw 
rat  manhole  and  tbrou^  the  aewer  to  the  aecmd  manhole.  Four  mMl 
ominally  operate  tbe  cleaner,  two  ahead  operating  tbe  eecond  wtndlam  to 
uU  the  deaiier  and  two  at  tbe  Din  manhole  to  feed  In  the  bon  and  back  rape. 
Aa  bidlcatliig  tbe  effldency  and  coet  ctf  operating  tbe  deaner  we  glre  Aa 
blowing  eiceipte  from  >  report  by  Theodore  N.  Alah,  Engineer  in  Cbal|B  ef 
iompiebeofilve  Bewec  System.  Kaneae  City.  Mo.,  of  a  test  nm  made  Dec  7. 
BIO;  The  aewer  was  an  IB-ln.  pipe  sewer  end  the  length  cleaned  betwe«l  man- 
oleawaeSTlft.  At  I3:30p.  m..  thecrew,  coniletlngcf  41abanr>,  Ifonman 
□d  1  team  began  the  work  of  strlngliig  hoee  to  tbe  nesreet  Are  plug,  1.3M  ft. 
letant,  eod  getting  rode  through  the  stretch  of  aewer  between  manhfilw  No. 


and  No.  2,  preparstor;  to  running  the  machine  through.  AH  preparatory 
ork  was  done,  water  turned  on  and  tlie  machine  started  from  manhole  No. 

at  3  p.  m.  A  few  minutes  afler  the  machine  was  started  a  length  of  boae 
urst,  which  caused  delay  of  12  minutes  while  a  new  length  waa  being  put  In. 
be  machine  was  taken  out  at  manhole  No.  1  at  3:42  p,  m.  having  Iravened 
ie371  feet  of  pipe  In  42  mlnute!i,  or  deducting  the  12  minutes  delay  for  repalr- 
ig  hose,  the  actual  time  of  cleaning  the  sewer  was  30  minutes.  The  hose 
as  then  taken  up  and  rolled  and  everything  cleaned  and  put  away  by  S:30 

m.  That  tlils  aewer  was  actually  cleaned  was  shown  by  rumilng  a  Shannon 
jchet  through  the  sewer  after  tlie. machine  bad  gone  through.  In  the  whole 
ngth  of  this  sewer  only  about  Sj  cu.  ft.  of  dirt  was  gatheicd  In  the  bucket. 
he  cost  at  the  cleaning  was  as  follows: 

oreman,  6  hours  at  37M  ett tlM 

earn.  B  houn  at  SO  cti 3.16 

iboi,  30  honn  at  2S  ots SjOO 

Dtal  labor  ooet 
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The  length  of  sewer  cleaned  being  371  ft.,  the  cost  per  foot  was  2.52  eli. 
Another  report  gives  the  cost  of  14  days'  work  cleaning  7,801  ft.  of  sewer  M 
8.15  cts.  per  ft.,  including  cost  of  shifting  machine  from  job  to  job. 

Valuation  and  Depreciation  of  the  Sewers  of  Manhattan  Borough,  New  Tick 
City. — The  following  data  are  taken  from  an  article  in  Engineering  News,  Jib. 
8,  1914,  by  Otto  Hufeland. 

The  sewer  valuation  here  described  is  part  of  a  plan,  formulated  by  tiw 
accounting  officers  of  the  City  of  New  York,  to  set  up  a  capital  balance  dieet 
which  would  show  the  City's  assets  and  liabilities,  both  bonded  and  othenrin. 
offset  by  its  property  real  and  personal,  in  the  same  manner  as  that  of  a  nllr 
railroad  or  industrial  corporation.  The  value  of  sudi  an  accounting  is  not 
confined  to  this  balance  sheet,  but  is  an  obvious  aid  in  budget  Tw«.icing  imi  fei 
the  control  of  the  city's  financial  affairs. 

Among  the  several  classes  of  "permanent  property"  owned  by  the  dty,  tbs 
cost  of  which  is  largely  represented  in  the  outstanding  bonds  are  the  sewen. 
which  in  such  an  accounting  must  be  entered  as  an  asset,  not  at  their  original 
cost,  but  at  their  present  value,  to  determine  which  was  the  object  of  thiswoik. 

A  committee  of  engineers  was  designated  to  prepare  a  general  outline  tot 
the  finding  of  values  for  the  city's  permanent  property,  but  after  much  di»- 
cussion  the  committee  confined  its  recommendations,  so  far  as  they  relate  to 
sewers,  to  two  points  and  merely  advised:  (1)  that  original  cost  be  made  the 
basis  of  the  valuation  and  (2)  that  in  fixing  this  cost,  the  cost  of  the  paveoMOt 
should  be  omitted  or  at  most  that  only  the  cost  of  a  cheap  (cobbtostooe) 
pavement  be  included. 

Brick  Sewers. — In  the  study  of  the  question  of  how  much  should  be  deducted 
for  depreciation,  the  examination  of  brick  sewers,  due  to  thetr  accessibiUtyi 
yielded  good  results.  The  routine  of  the  examination  of  these  sewers  con- 
sisted in  cleaning  off  the  brickwork  with  a  short  broom,  tapping  the  same  wllh 
a  light  hammer  to  determine  solidity  and  testing  the  cement  joints  by  scfap- 
ing  with  a  chisel.  In  addition,  measurements  of  height  and  width  were  takn 
about  every  fifty  feet.  The  bricks  of  the  invert  at  and  below  the  floiw  Hue 
were  examined  for  wear.  This  last  test  yielded  no  result  except  in  a  ibigle 
instance  where  a  sewer  about  forty  years  old  and  with  an  exceedingly  rapU 
fiow  showed  a  very  slight  rounding  of  the  exposed  face  of  the  brick  at  the 
joints. 

A  study  of  the  reports  of  these  examinations  disclosed  that  the  following 
defects  were  noticeable: 

1.  Cement  partly  out  at  water  line. 

2.  Cement  partly  out  above  water  line. 

3.  Depressed  arch  and  sewer  slightly  spread. 

4.  Large  open  joints. 

5.  Loose  brick. 

6.  Bond  of  brickwork  broken. 

7.  Distorted  sides,  uneven  bottom,  joints  out  of  line. 

These  seven  defects  show  the  progressive  deterioration  of  brick  sewen  In 
the  order  in  which  they  occur  under  the  conditions  existing  here  (and  probaUy 
everywhere  else) .  They  are,  of  course,  not  sharply  defined,  and.  passing  from 
one  step  into  another  and  coupled  with  the  difficulty  under  whjksh  sewer  ennd- 
nations  are  made,  cannot  be  determined  with  as  much  accuracy  even  M  mold 
be  possible  in  an  exposed  structure. 


ade.  The  only  data  ol  vulue.  In  additloa  to  the  little  supplied 
nlnnWoQ  juat  described,  were  those  obtained  Irom  the  enperienoe 
sewing  and  repairing  such  seven  or  in  inserting  spurs  for  bouse 
.  In  ttds  the  writer  had  the  benefit  of  the  knowledge  of  the  men 
3n  In  cbarge  of  thia  work  (or  Home  twenty-five  years.  SEid  from  that 
mlnations  described,  as  well  a^  a  great  many  others  made  under  bis 
.  the  writer  formulated  the  curves  shown  In  Fig.  16. 
he  varying  strength  of  the  three  sizes  used,  three  curves  wera 

18-ln.  curve  ending  at  1887  when  the  use  of  such  pipe  was  dlsnal- 
wlll  be  noticed  that  a  rapid  decrease  in  value  la  shown  io  sewers 

1887.     This  IB  due  to  the  canstruction  above  described.     Tbess 
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1  be  uaed  like  thoee  tor  brick  seweia.  bo  that  values  can  ba  dl 


NOtJ.VIIOlIiai.3a 


a«vj.Ha3)i3a 


3EWEB3  7S1 

e  pipe  Hid  bifekwcHk)  uid  iriieD  tbla  hu  rmeboil  k  iUcb  irtiav  npalim  mn 

longer  economical  the  sewer  will  have  to  be  rebuilt.  This  will  IhtoIv* 
svstlbn  and  refllUng  u  well  u  repavlng.     Ths  lart  Item  hw  been  flaedat 

begliinlng  of  this  BtatemeDt.  but  the  two  preoedlns  ODea  uc  Importuit 
ton  In  the  cost  <rf  reidacement  and  conaeguently  In  the  pnoant  Talus  rf  tb* 

Then  Bucb  eiCBVatiDii.  at  tile  time  of  original  conatruction,  waa  In  earth, 
original  cost  may  t^rly  be  used  as  a  basis  in  the  preeeot  valuation.  becaWB 
same  guantltf  of  work  would  have  to  be  dime  to  leplaoo  tlw  Mwat, 
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be  subsequent  subsurface  structures  are  omitted  from  consideration.  If. 
i'ever,  the  whole  or  pan  of  the  original  eitcavatloQ  was  In  rock,  the  coat  of 
reconstruction  would  l>e  considerably  reduced  below  the  original  amount. 

or  these  reasons  I  have  considered  the  coat  of  rock  escavation  an  undepns- 
«d  asset  and  used  It  as  a  part  of  tbe  present  value  of  the  sewer.  It  has 
a  our  custom  to  allow  one  day's  working  time  for  the  contractor  for  ever; 
□T  12  cu.  yd.  of  rock  to  b«  excavated.  Such  an  allowance  Involved  one 
'9  par  {%*)  for  the  inspector  ax  well  as  increa-^ed  attention  on  the  part  of 
engineer  in  charge  and  bis  party  in  visiting  tbe  work  and  meHBUring  and 
iputlne  the  rock,  which  may  be  estimated  at  tl  per  da:r.     Added  to  the 
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inspeciOT*B  pay  this  made  $5  for  every  10  or  12  yd.  of  rock  excavated,  or  from 
40  to  50c.  per  cu.  yd. 

If  the  cost  of  earth  excavation  and  refilling  be  assumed  at  from  40  to  50c 
per  cu.  yd.  it  will  be  ofFset  by  the  "  over-head ' '  charges  for  rock.  For  example, 
if  the  bid  for  rock  excavation  is  $4  per  cu.  yd.,  the  "  overhead"  charges  of  50c. 
will  bring  the  actual  cost  to  $4.50.  If  the  earth  excavation  costs  50c.  per 
cu.  yd.  the  difference  in  cost  between  the  two  kinds  will  be  $4,  the  price  bid  for 
rock.  If,  therefore,  in  determining  the  value  of  a  sewer  when  rock  excavaticMi 
was  necessary,  the  bid  price  of  rock  is  deducted,  the  remainder  will  be  the  cost 
of  that  sewer  in  earth  at  the  present  cost  of  excavation.  The  cost  of  the  sewer 
in  earth  excavation  found  as  above  described  has  been  used  as  a  basis  of  Yaluar 
tion  in  such  cases. 

It  is  important  to  call  attention  to  the  fact  that  the  present  value  of  the 
sewers,  etc.,  given  in  the  report,  is  based  upon  the  assumption  that  in  any 
changes  of  the  sewerage  system,  the  new  sewers  would  be  rebuilt  in  the  same 
location,  and  that  any  such  reconstruction  involving  a  change  of  location 
would  leave  the  present  system  without  any  value  whatever. 

The  tabulations  accompanying  the  report,  covering  73  pages,  12  X  13  in. 
in  size,  give  the  kind,  size,  length  in  feet,  number  of  manholes,  cost  per 
foot,  and  total  cost,  as  well  as  value  per  foot  and  total  value  for  each  sixe  of 
sewer,  together  with  the  cost  and  value  of  the  catch  basins  and  manholes. 

A  series  of  about  7000  reference  cards,  5  X  8  in.,  was  prepared,  one  for  eadi 
block  of  street  front  in  the  borough,  on  which,  beside  a  sketch  of  the  block, 
was  noted  all  the  data  mentioned  in  the  foregoing  paragraph. 

The  original  computation  sheets,  from  which  all  this  work  was  copied,  in 
addition  to  the  data  already  mentioned,  contained  the  date  of  ccmstnictioiq, 
percentage  of  depreciation  and  the  contract  price  and  the  amount  of  rock 
excavation.  Where  no  rock  was  excavated  the  contract  price  of  the  sewer 
was  used  to  compute  the  value.  Where  rock  was  found  the  cost  of  rock 
excavation  per  foot  of  sewer  without  depreciation  was  added  to  the  value  of 
the  sewer  found  as  above  and  the  sum  was  assumed  to  be  the  value  in  audi 
cases.  This  resulted  in  a  wide  variation  in  the  values  of  the  same  size  of  sewer, 
but  it  comes  nearer  the  true  value  than  any  other  method  found  by  the  writer, 

The  following  grand  summary  of  the  valuation  is  taken  from  the  report: 

Kbcapitulation  of  Classified  Summaby  of  Sbwbbs 

Cost,  including 
Kind  of  sewer  Feet  Manholes        manholes  Value 

Brick 1,757,414H     16,917       $16,779,932  $13,532,009 

Wood 26.249  168  394.034  334,948 

Pipe 767,611H       7.298  5.782,485  4.112.076 

2.. 551. 275         24.383       $22,956,451  $17,079,133 

6172  Catch  basins  923,875  685,708 

$22,880,326  $18.6d4,021 

24 ,  383  Manholes  $  842 .  500  $633 .  301 


The  foregoing  summary  includes  125  various  sizes  of  brick  sewers,  17 
of  pipe  sewers  and  23  sizes  of  wooden  sewers,  a  total  of  165  with  all  kinds  of 
manholes  and  perhaps  25  varieties  of  catch  basiiLs. 

The  work  of  preparing  the  re{)ort.  inc.luiling  the  cards,  extended  over  a 
period  of  about  ten  months  and  involved  a  total  expenditure  of  $0053.  It 
could  probably  be  kept  up  to  date  at  an  annual  expense  of  about  $600. 


CHAPTER  XII 
SEWAGE  TREATMENT 

Sewage  treatment  Plants  are  structural  combinations  of  such  types  of 
work  as  excavation,  concrete  construction,  vitrified  or  cast  iron  pipe,  hauling, 
etc.  Unit  costs  for  these  different  kinds  of  work  are  given  in  the  various 
chapters  of  this  volume  and  may  be  readily  found  by  referring  to  the   index. 

In  this  chapter  are  given  many  general  costs  given  in  such  terms  as:  Cost 
per  capita,  cost  per  million  gals,  cost  per  acre,  etc.  There  are  also  given 
certain  specific  construction  and  operating  costs. 

For  costs  of  pumps  and  pumping  the  reader  is  referred  to  Gillette  and  Dana's 
'VMechanical  and  Electrical  Cost  Data." 

Cost  of  Sewage  Treatment  Plants  in  Illinois. — Table  I  herewith  gives  cost 
data  pertaining  to  19  sewage  treatment  plants  of  various  types  in  the  state  of 
Illinois.  These  data,  from  the  report  of  the  Conunittee  on  Sewerage  and  Se- 
wage Disposal  of  the  Illinois  Society  of  Engineers,  are  published  in  Engineering 
and  Contracting,  Feb.  23,  1916. 

The  Conmuttee  believes  that  in  general  too  little  money  has  been  spent  on 
sewage  disposal  plants  in  Illinois.  Consequently.,  many  of  them  are  not  of 
sufficient  capacity  properly  to  do  the  work  required  of  them.  The  result  is 
that  some  of  the  plants  have  not  sufficiently  relieved  the  conditions  for  which 
they  were  built. 

Table  I. — Cost  Data  on  19  Illinois  Sewage  Tkeatment  Plants 

Cost  of 
Estimated  — construction — 

tributary  Per 

City  population  Type  of  plant  Total       capita 

Moline 5,000       Pump  station,  Imhoff  tanks, 

disinfection $10,700  $  2. 14 

La  Grange 5,300       PUmp  station,  settling  tank, 

sprinkling  filter 40,000  7.56 

Barrington 1 , 000      Imhoff  tanks  and  sand  filter.  6 , 000  6  00 

North  Chicago 3 .  500       Septic  tank  and  filters 8 ,  300  2 .  38 

Lake  Forest 3 ,  000       Septic  tank  and  filters 8 ,  675  2 .  86 

Ft.  Sheridan 1,000       Septic    tank,    sprinkling    and 

sand  filters 45,990  45  99 

Great  Lakes 800       Septic    tank    and    sprinkling 

filters 35,940  44.80 

Morton  Grove 1,200       Imhoff  tank  and  sludge  bed. .  12.815  10.70 

Sandwich 2,500       Imhoff  tank  and  sand  filters.  10,915  4.36 

Downers  Grove 2 ,  000       Septic  tank  and  sand  filters . .  7 ,  980  3 .  99 

Galva  No.  1 800       Septic  tank  and  trickling  filter  3 .  700  4 .  62 

Galva  No.  2 1,200       Imhoff  tank,  trickling  filters.  4,700  3.92 

Woodstock 4 ,  350       Septic  tank,  sand  filters 10 ,  874  2 .  60 

Harvard 3,000       Septic  tank,  sand  filters 11,980  3.99 

Arlington  Hgts 3 ,  000       Septic  tank,  sand  filters 11. 950  3 .  98 

Aledo 2 , 000       Septic  tank,  trickling  filters. .  4 .  500  2 . 25 

Geneva 2,400       Imhoff  tank,  Fox  River 6,500  2.70 

Toulon 2,000       Imhoff  tank,  trickling  filters.  .  7 ,790  3.89 

Pana 4 , 000      Imhoff  tank,  trickling  filters.  31 , 000  7 . 75 
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The  Committee  believes,  further,  that  the  engineer:  should  be  the  first  to 
advise  as  to  the  proper  size  and  capacity  of  plants,  an<;|i«that  he  should  make  his 
cost  estimate  sufficiently  high  to  cover  a  plant  of  reasonable  size  and  proper 
loadings  to  do  the  work  for  which  it  was  built. 

The  members  of  the  Committee  were  Samuel  A.  Qreely,  Ghalrman;  Winfred 
D.  Gerber  and  Frank  M.  Connolly. 

Cost  of  Sewage  Treatment  Plants  in  Ohio. — ^Tables  II,  III,  and  IV  are, 
given  in  an  article  published  in  Engineering  and  Contracting,  Dec.  13,  1911, 
by  R.  Winthrop  Pratt,  formally  chief  Engineer  Ohio  State  Board  of  Health. 

Cost  of. Disinfection  of  Sewage  with  Hypochlorite. — The  following  matter 
Is  taken  from  an  abstract  of  the  1912  annual  report  of  the  Mass.  State  Board  of 
Health  published  in  Engineering  and  Contracting,  Jan.  29,  1913. 

Three  separate  counts  of  bacteria — i.  e.,  total  colonies  on  agar  plates  incu- 
bated four  days  at  room  temperature  and  total  and  red  colonies  on  litmuB 
lactose  agar  plates  incubated  24  hours  at  body  temperature — have  be^i 
made  on  all  samples.  It  has  been  found  that  waters  in  Massachusetts  suitable 
for  drinking  usually  contain  less  than  100  bacteria  per  c.c.  determined  at  room 
temperature,  and  that  the  total  munber  of  bacteria  developing  on  litnms 
lactose  agar  at  body  temperature  is  usually  less  than  10  per  c.  c,  and  th^ 
number  of  red  colonies  on  such  plates  is  usually  less  than  5  per  c.  c.  This  we 
have  called  the  "drinking  water"  or  "  100—10 — 5"  standard.  For  purposes 
of  comparison  two  other  standards  containing,  respectively,  10  and  100  times 
as  many  bacteria  as  the  drinking  water  standard,  and  designated  the  "  1,000 — 
100 — ^60"  and  the  "10,000 — 1.000 — 500"  standards,  have  been  assumed. 
These  latter  correspond  approximately  to  the  upper  and  lower  limits  of  bac- 
terial counts  on  river  waters  receiving  more  or  less  pollution. 

Effect  of  Time  of  Storage  Upon  Efficiency  of  Hypochlorite  Diainfection. — 
In  the  laboratory  experiments,  analyses  of  all  samples  were  made  at  intervals  ci 
1,  2,  4,  6  and  24  hours  after  the  disinfectant  was  added,  and  in  the  experiments 
in  which  the  entire  volume  of  settled  sewage  applied  to  Filter  No.  248  was 
treated  daily  with  hypochlorites.  Many  series  of  hourly  samples  were  c(d- 
lected  of  the  disinfected  sewage  as  it  flowed  upon  the  filter.  While  there  is 
some  disagreement  in  the  results  of  the  various  experiments,  it  is  possible 
to  determine  approximately  the  relative  amounts  of  disinfectant  which  would 
be  required  to  yield  similar  results  with  diiferent  storage  periods.  In  all  cases 
the  greater  portion  of  the  work  of  disinfection  occurred  during  the  first  hour, 
after  which  the  elimination  of  bacteria  continued  more  slowly  for  some  houib. 
This  is  especially  noticeable  in  those  cases  where  relatively  small  amounts 
of  disinfectants  were  used.  A  general  average  of  all  the  results  shows  the 
effect  of  storage  to  be  about  as  follows:  with  2  hours'  storage  about  84  per 
cent  as  much  hypochlorite  was  required  to  produce  the  same  result  as  with  a 
storage  of  1  hour;  with  4  hours'  storage  about  82  per  cent  as  much  hyix)chlorite 
was  required;  with  6  hours'  storage  about  77  per  cent  as  much  hypochlorite 
was  required,  and  with  24  hours'  storage  about  61  per  cent  as  much  hypo- 
chlorite was  required  to  produce  the  same  result  as  with  a  storage  of  one  hour. 

Coat  of  Hypochlorite  Disinfection. — Commercial  bleaching  powder  or  calcium 
hypochlorite  may  be  obtained  packed  in  sealed  drums  holding  700  to  800  Ibe. 
each,  with  a  guaranteed  strength  of  36  to  38  per  cent  available  chlorine,  also 
in  smaller  4rums  of  25  to  100  lbs.  each,  but  then  bleach  of  the  same  gtiength 
costs  about  1  to  2  cts.  more  per  pound.  Commercial  bleach  losses  streogUi 
rapidly  up  to  a  certain  point  when  exposed  to  the  air,  and  broken  bulk  pur- 
chases, or  drum  packages  whose  contents  are  not  used  at  once  after  opening, 
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[V.— Opbbateno  Expbnbbs  at  Fiyb  Ohio  Municspal  Sswaqb  Tbxat- 

MKNT  Plants 


-Operating  expemoo     1907 
Operating  coi 
per  capita 
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$  302  $  393  to.  18  $0.13  $8.20 

600  700  0.58  0.58  10.60 

xl 229  284  0.04  0.05  1.55 

d 2.800  5,260  0.44  0.88  14.40 

932  1,224  0.10  0.12  5.15 

-eet  charges  on  cost  of  plants  excluded. 

found  to  contain  less  available  chlorine.    Analyses  of  a  number  of 

of  broken  bulk  bleaching  powder  at  the  experiment  station  show  that 

cases  the  strength  may  be  less  than  25  per  cent  available  chlorine. 
.  of  this  disinfectant,  therefore,  depends  largely  upon  the  daily  amount 
;hlorites  required,  the  extremely  large  disinfecting  plant  having  the 
ge  of  low  price  on  bleach  of  guaranteed  strength,  the  full  strength  of 
ould  be  available  through  immediate  use  of  the  contents  of  the  ktfge 
lortly  after  they  were  opened.  The  plant  treating  a  small  vcdume  of 
iaily  would  pay  a  higher  price  for  smaller  packages,  or  if  buying  in 
ts  to  obtain  low  first  cost,  would  find  the  ultimate  cost  increased  by 
rength  which  the  contents  of  these  larger  packages  would  sufPer  during 
3d  before  they  were  consumed.     For  the  large  plant,  where  large 

of  sewage  were  to  be  treated  daily,  the  disinfection  costs  might  be 
somewhat  by  the  use  of  sodium  hypochlorite  manufactured  at  the 
Sodium  hypochlorite  is  readily  prepared  by  electrolysis  of  solutlcms 
on  salt.  As  it  exists  only  in  solutions  its  use  has  been  limited  owing 
ilty  of  transportation.  As  a  disinfectant  it  is  fully  as  eflBcient  as 
3^  powder,  and  where  common  salt  can  be  cheaply  obtained  and  the 
ectric  power  is  low  there  is  no  reason  why  the  installation  of  ui  electro- 
it  should  not  help  to  reduce  disinfection  costs  when  a  large  amount  of 
ant  is  required.  For  the  small  disinfection  plant,  however,  the  use 
ercial  bleaching  powder  would  probably  be  the  cheapest  in  the  mid. 
factor  which  enters  into  the  cost  of  disinfection  is  the  standard  of 
equired  in  the  effluent  from  the  disinfecting  plant, 
jng  a  disinfectant  containing  33 >^  per  cent  available  chlorine  at  a 

cts.  per  pound,  the  treatment  of  a  sewage  with  0.1  part  per  100,000 
!  chlorine  would  require  25  lbs.  of  disinfectant  at  a  cost  for  chendcals 

per  1,000,000  gals.     On  this  basis  the  cost  of  disinfecting  the  various 
sewage  and  sewage  effluents  to  definite  prescribed  bacterial  contents 
!  about  as  follows: 
duce  complete  sterilization  the  cost  would  be  well  over  $19  per  1,000,- 

for  sewages  and  the  effluents  from  contact  and  trickling  filters,  and 
ry  from  $1 .50  to  over  $19  for  effluents  from  sand  filters, 
duce  a  bacterial  quality  which  would  conform  to  the  drinking  water, 
^5  standard,  the  cost  would  vary  from  $3.75  to  over  $19  per  1,000,000 
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gal.  for  raw  sewage  and  effluents  from  trickling  filters;  from  $7.50  to  over  $19 
per  1,000,000  gals,  for  settled  sewage,  from  $15  to  $19  per  1,000,000  gals,  for 
strained  sewage  and  contact  filter  effluents;  would  be  over  $19  for  septic  sewage, 
and  would  vary  between  $1.75  and  $9.50  per  1,000,000  gals,  for  the  effluents 
from  sand  filters  which  were  not  originally  of  that  quality. 

To  produce  a  bacterial  quaUty  to  correspond  to  the  1,000-100-50  standard, 
or  one  which  would  be  about  equal  to  that  of  the  better  class  of  streams  or 
rivers  which  are  not  seriously  polluted,  the  cost  would  be  from  $1.75  to  $5.60 
per  1,000,000  gals,  for  raw  sewage;  from  $1.75  to  $13  for  settled  sewage,  about 
$3.75  for  strained  sewage;  between  $3.75  and  $5.60  for  septic  sewage; 
from  $1.75  to  $5.60  for  effluents  from  contact  filters,  and  from  $1.75  to  $3.75 
for  effluents  from  trickling  filters.  The  cost  of  disinfecting  sand  fflter  effluento 
to  produce  this  quality  would  not  be  over  $1.75  per  1,000,000  gals.,  judging 
from  the  experimental  results. 

If  it  was  desired  to  reduce  the  bacterial  content  only  to  a  point  where  thoy 
would  approximately  correspond  with  the  more  polluted  rivers,  or  say  within 
the  10,000-1,000-500  standard,  the  costs  would  be  from  $1.75  to  $5.60  per 
1,000,000  gals,  for  raw  sewages  and  effluents  from  contact  filters,  betweoi 
$1.75  and  $7.50  for  settled  sewages,  from  $1.75  to  $3.75  for  septic  sewage  and 
effluents  from  trickling  filters,  and  about  $1.75  per  1,000,000  gals,  for  strained 
sewage. 

Tiiese  cost  estimates  are  for  chemicals  only  and  do  not  include  operating  and 
sinking  fund  charges. 

The  Economics  of  Sewage  Filters.  Types  of  Sewage  FiUera. — Sewage 
fflters  may  be  divided  broadly  into  three  classes: 

(1)  Intermittent  sand  filters  or  their  equivalent.  These  consist  of  a 
body  of  sand  or  fairly  pervious  material  of  other  kinds.  The  sewage  is  dis- 
tributed over  the  surface  of  this  porous  material,  and  at  the  bottom  the  ffltered 
sewage  is  collected  in  underdrains.  In  order  to  get  the  benefit  of  oxidation  in 
the  pores  of  the  sand  bed,  the  application  of  the  sewage  to  the  filter  is  inter- 
mittent, with  periods  of  rest  and  aeration. 

(2)  The  second  type  is  the  so-called  "contact"  filter.  This  consists  of  a 
body  of  practically  any  thickness  of  stone  or  equivalent  material,  such  as 
large-sized  gravel,  pieces  of  porcelain,  brickbats,  cinders,  or  almost  any  ooajBe- 
sized  granular  material.  The  sewage  is  applied  to  such  a  filter  either  from 
the  bottom  or  from  the  top,  so  as  to  fill  the  bed.  The  sewage  is  allowed  to 
stand  in  this  filter  bed  for  a  given  time.  It  is  then  discharged  and  the  empty 
bed  is  allowed  to  stand  for  a  period. 

(3)  The  third  type  is  the  so-called  "sprinkling"  filter.  This  consists  of  a 
body  of  stone  of  a  minimum  depth  of  5  ft.,  on  which  the  sewage  is  sprinkled 
or  sprayed  and  spread  by  nozzles  and  distributed  in  small  quantities  so  that  the 
sewage  trickles  down  over  the  stones  and  is  collected  at  the  bottom. 

All  three  types  of  filters  effect  the  purification  of  the  sewage  in  the  same  way. 
Through  the  action  of  the  bacteria  present  in  the  filter  bed  the  sewage  is  to 
some  extent  oxidized  and  the  organic  matter  is  broken  up.  Unstable  forms 
of  matter  are  changed  into  more  stable  forms.  While  the  exact  form  of  action 
is  unknown,  it  is  believed  that  the  three  types  of  filters  act  in  the  same  way, 
and  the  difference  is  a  mechanical  one  of  form  of  application,  rather  than  one 
of  principle  of  action.  The  following  article  is  a  reprint  publishedin  Engi- 
neering and  Contracting,  Oct.  14,  1914,  of  a  paper  by  Qeorge  W.  Fuller. 
presented  before  the  annual  convention  of  the  American  Society  of  Municipal 
Improvements. 
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Per/ormanee  of  Fitter*.— The  output  Of  a  filter  of  any  type,  measured  at  any 
suitable  purification  unit,  is  largely  a  question  of  local  conditions.  It  de- 
pends upon  the  nature  of  the  sewage,  the  nature  and  fineness  or  ooarseoMs 
of  the  filtering  material,  the  method  of  application  of  the  sewage  to  the  fllterinr 
material,  temperature,  atmospheric  conditions,  and  many  other  factors.  The 
intermittent  sand  filter  is  best  used  when  it  is  desired  to  have  a  very  high  degree 
of  purification.  The  other  tjrpes,  the  contact  filters  and  sprinkling  filters,  are 
used  for  a  rather  lesser  degree  of  purification.  It  is  to  be  understood  that  the 
rate  of  applicatimi  of  the  sewage  to  the  various  types  of  filters  must  be  properly 
proportioned  to  the  ability  of  these  filters  to  take  care  of  the  sewage.  By  using 
a  suitable  rate  under  suitable  conditions  any  type  of  filter  can  be  made  to  give 
any  degree  of  organic  purification  that  may  be  desired. 

RaU  of  Application  of  Settled  Sewage  to  Filter 9. — The  question  of  the  rate 
of  application  of  sewage  to  a  sand  filter  is  largely  tied  up  with  the  question  of 
preliminary  treatment  in  the  way  of  tankage  or  screens.  The  following 
tabulation,  quoted  from  Mr.  Fuller's  book,  "Sewage  Disposal,*'  gives  for 
several  cities  in  Massachusetts  the  population  whose  sewage  can  be  treated 
per  acre  of  filter  bed,  and  the  time  of  detention  in  preliminary  sedimentation 
tanks,  storage  wells,  pump  wells,  or  other  means  of  storage.  These  figures  are 
not  to  be  tf^en  to  represent  present  conditions. 

Period   of  Population 

detention,  per  acre 

hours  of  filter 

Andover lH-3  950 

Brockton 12  1 ,  ICO 

Clinton 12  426 

Framingham 12  376 

Gardner  (old) IK  1.310 

Gardner  (new) IM  2,000 

Httsfield 12  605 

Stockbridge 8  220 

Worcester IH  1 .800 

Average  of  all 6.7  937 

The  Baltimore  Sewerage  Commission  in  1906  estimated  that,  using  a  sand 
filter  with  3  ft.  of  clean  sand  over  the  gravel,  an  allowance  of  150,000  gals,  of 
6-hour  settled  sewage  per  acre  in  24  hours,  corresponding  approximately  to 
1,200  people  per  acre,  would  be  a  proper  rate. 

Data  for  contact  filters  are  relatively  scant  from  American  practice,  and 
while  many  English  data  are  available,  the  differences,  owing  to  the  differ- 
ence in  the  strength  of  the  sewage,  makes  such  data  rather  dangerous  as  a 
basis  of  comparison. 

A  series  of  experiments  in  Columbus,  Ohio,  indicated  that  5-ft.  deep  stone 
filters,  on  the  contaet  principle,  could  safely  be  operated  at  an  average  rate  of 
600,000  to  700,000  gals,  per  acre  per  day.  Reducing  this  to  a  4-ft.  depth  will 
give  about  500,000  gals,  per  acre  per  day,  which,  on  the  basis  of  100  gals,  per 
capita  per  day,  would  give  a  loading  of  approximately  5,000  people  per  acre 
of  stone  bed. 

A  series  of  tests  made  at  Lawrence  on  contact  beds  of  various  depths  from 
24  ins.  up  to  18  ft.  showed  an  average  output  of  some  700,000  gals,  per  acre  per 
day  for  a  depth  of  stone  on  an  average  about  5H  ft.  This  is  equivalent  to  an 
output  of  about  135,000  gals,  per  acre  for  each  foot  of  depth  of  stone,  or, 
for  a  4-ft.  depth  of  bed  again,  is  equal  to  about  500,000  gals,  per  acre  per  day, 
or  say  a  loading  of  about  5,000  people  to  the  acre. 
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The  contact  filter  installation  at  Plainfleld,  N.  J.,  with  3.6  acres  of  fltone 
bed  4>2  ft.  deep,  gave  in  1910  an  output  on  an  average  of  1,700,000  gals,  of 
sewage  per  day.  On  the  basis  of  an  allowance  of  100  gals,  per  capita  per  6aj, 
this  will  correspond  with  a  4-ft.  bed,  to  about  4,200  people  per  acre  of  filter. 

For  sprinkling  filters  much  more  satisfactory  data  can  be  had.    Sprinkling 

filters  have  been  used  very  extensively  in  this  country  of  recent  years  and 

their  ratings  can  be  fixed  with  a  good  deal  more  dependence  than  in  the  case 

with  contact  filters.    A  list  of  a  number  of  plants  or  projected  plants  giving  the 

depths  of  the  stone  bed  of  a  sprinkling  filter  and  the  loading  in  population  per 

acre  follows : 

Depth  of  stone  Pf^ulation  per 
in  feet  acre  of  bed 

Atlanta 6  20,000 

Reading o  18,000 

Columbus 5  18.000 

Baltimore 9  20,000 

Montclair 7M  16,000 

Philadelphia 6  •  •  "  20,000 

Fitchburj? 10  20,000 

Mount  Vernon <. 8  24,000 

The  average  of  all  these  shows  a  7-ft.  deep  bed  and  an  average  loading  of 
19,400  population  to  the  acre. 

Not  considering  special  conditions  and  jiLst  taking  fair  figures,  we  may  safely 
state  the  following: 

Intermittent  sand  filters,  3-ft.  bed  of  sand,  loading  1,000  population  per  acre. 
Contract  filters,  4-ft.  depth  of  stone,  loading  5,000  population  per  acre. 
Sprinkling  filters,  7-ft.  depth  of  stone,  loading  19,000  population  per  aore. 

The  rates  of  loading,  then,  for  the.se  three  types  of  filters,  are  in  the  ntio 
1,  5,  and  9. 

Cost  of  Sewage  Filters. — Costs  of  construction  are  so  much  affected  by  local 
conditions,  such  as  the  amount  of  excavation  necessary,  the  cost  of  various 
classes  of  materials,  the  distance  from  which  various  classes  of  materials  must 
be  obtained,  details  of  local  construction  conditions,  such  as  competlti(Mi, 
class  of  work  required,  and  others,  that  comparative  costs  for  different  locali- 
ties are  only  to  be  used  with  great  discretion,  and  individual  cost  and  even 
averages  are  only  a  guide  to  comparative  costs  in  various  places.  Having 
this  limitation  in  mind,  we  will  examine  in  a  rough  way  the  cost  of  various 
types  of  sewage  filters  on  the  per  capita  basis. 

The  average  cost  of  the  nine  Massachusetts  intermittent  sand  filters  dted 
above  is  $3,260  per  acre,  as  reported  in  the  Massachasetts  State  Board  of 
Health  Report  of  1903.  This  gives  a  cost  per  capita  connected  to  the  filters 
of  $3.50. 

The  1906  Baltimore  Sewerage  Commission  estimates  the  cost  per  acre  of 
filters  at  $6,350,  these  filters  being  suitable  for  a  connected  population  of 
1 ,200  per  acre.     This  corresponds  to  a  per  capita  cost  of  $5.30. 

The  cost  of  contact  filters,  varying,  of  course,  with  the  d^ree  of  the  finftnw 
of  the  design,  may  be  taken,  for  filters  equipi>ed  with  suitable  convenioit 
appurtenances,  at  $30,000  per  acre  for  a  4-ft.  deep  bed.  This  correqxmdS  vith 
a  loading  of  5,000  population  jter  acre  to  a  per  capita  cost  of  $6. 

For  sprinkling  filters  7  ft.  deep  the  cost  will  be  about  $45,000  per  acre.  On 
the  basis  of  a  loading  of  19,000  population  i)er  acre,  the  cost  per  capita  will  be 
$2.37. 
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When  cxmsideriog  the  relatively  low  cost  of  the  Maegacfauaetts  sand  Altera 
compared  with  the  estimate  made  of  the  Baltimore  sand  filters,  it  is  to  be 
borne  in  mind  that  the  conditions  in  Massachussetts  for  the  construction  of 
sand  filters  were  unusually  favorable  and  do  not  represent  average  conditioiis 
through  the  country.  In  most  places  the  costs  would  approximate  more 
nearly  those  estimated  for  Baltimore. 

Taken  in  a  broad  way,  sprinkling  filters  are  a  far  more  economical  installa^ 
tion  in  the  matter  of  first  cost.  Intermittent  sand  filters  and  contact  filters 
do  not  stand  far  apart  in  this  particular. 

Relative  Coats  of  Different  Depths. — ^There  is  not  very  much  known  about 
the  relative  advantages  of  filters  of  shallow  or  deep  construction.  The  dioioe 
of  depth  is  usually  made  for  entirely  different  reasons  from  those  of  obtaining 
the  most  economical  construction  to  obtain  the  desired  amount  of  purifica- 
tion. Very  few  tests  of  a  comparative  kind  have  been  made  to  give  convincing 
information,  and  the  interpretation  of  the  tests  has  not  been  uniform.  In  . 
some  places  the  conclusion  has  been  made  to  make  filters,  say,  10  ft.,  at  other 
places  6  ft.,  and  some  study  is  worth  while  to  determine  what,  if  any,  difference 
there  is  in  the  cost  of  such  construction  at  different  depths,  and  which  would 
appear  to  be  the  better.  It  is  to  be  assumed  in  such  comparisons  that  sufli- 
cient  head  would  be  available  in  any  case  for  the  greatest  depth  to  be  consid- 
ered and  that  piunping  would  not  be  necessitated  by  building  filters  of  the 
greater  depth. 

For  intermittent  sand  filters  questions  of  depth  do  not  arise.  The  filters 
are  generally  made  as  shallow  as  is  consistent  with  getting  proper  results  and 
sand  beds  are  not  usually  made  more  than  4  or  5  ft.  deep  as  a  maximum. 
Shallower  beds,  even,  will  give  about  the  same  output  as  the  deeper  beds,  and 
beds  are  made  deep  only  so  that  sand  may  be  removed  for  cleaning  without 
removing  the  sand  for  a  considerable  period. 

With  contact  filters  it  is  recognised  that  from  the  nature  of  the  action  of  the 
contact  filters,  where  the  amount  of  air  that  is  drawn  in  between  fillings  of 
sewage  is  practically  equal  to  the  volume  of  the  sewage,  and  where  surface 
clogging  cannot  be  a  serious  factor  and  may  even  be  no  factor  at  all,  each 
unit  of  volume  of  the  stone  forming  the  filter,  say  each  cubic  yard,  will  give 
the  same  output  of  sewage  purification,  no  matter  what  may  be  the  depth  of 
the  filter. 

From  this  it^f  ollows  that  it  is  economical  to  build  a  sewage  filter  on  the  con- 
tact principle  as  deep  as  local  conditions  of  construction  will  permit,  and  the 
limitation  of  depth  which  it  is  economical  to  use  is  therefore  made  by  the 
factors  of  earth  excavation  or  fill  and  the  possible  head  available  without 
pumping. 

When  it  comes  to  sprinkling  filters,  the  problem  becomes  a  Uttle  more 
complicated.  The  English  experience,  as  recited  in  the  Report  of  the  Royal 
Commission,  seems  to  indicate  that  the  output  per  unit  of  volume  of  sprinkling 
filters  is  the  same,  no  matter  what  the  depth.  Our  experience  in  work  in  this 
country  does  not  wholly  corroborate  this  information.  Our  best  knowledge 
seems,  to  indicate  that  the  output  per  unit  of  volume  of  sprinkling  filters  is 
somewhat  less  for  deep  filters  than  for  shallow  filters.  For  such  conditions, 
with  a  relatively  decreasing  efficiency  of  the  stone  of  the  filter  beds  for  greater 
depths  and  at  the  same  time  a  relatively  decreasing  cost  per  unit  volume  of  the 
stone  for  deep  beds,  there  must  come  some  point  where  the  greatest  output  per 
unit  of  cost  will  be  obtained. 

The  Report  of  the  Bsdtimore  Sewerage  Commission  for  1911  gives  some 
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information  obtained  from  tests  made  in  Baltimore  as  to  the  relative  efll- 

ciency  of  various  depths  of  broken  stone  of  sizes  of  1  to  2-in.  stone,  which  ii 

the  one  most  conmionly  used.     Figures  obtained  from  that  souroe  are  M 

follows: 

Depth  of  bed 

6  ft.  9  ft.  12  ft. 

Relative  stability 79  87  89 

Per  cent  reduction  of  oxygen  consumed 56  70  72 

Giving  equal  weight  to  the  relative  stability  and  per  cent  reduction  of 
oxygen  consumed,  we  get  the  following: 

Depth  of  bed 

6  ft.  9  ft.  12  ft. 

Relative  stability 1  1.2  J  .28 

Per  cent  reduction  of  oxygen  consumed 1  1 .  25  1 .  28 

Average  of  the  two 

Relative  depths 

Relative  value  of  stone  per  cubic  yard 


1 

1.22 

1.25 

1 

1.33 

2.00 

1 

.92 

.63 

Assuming  this  depth  varies  at  a  uniform  rate  from  one  end  of  the  ctirre  to 
the  other,  we  get  the  following  for  the  relative  value  of  stone  per  cubic  yard 

Depth  of  bed  in  feet 6  7  8  9  IG         12 

Relative  value  of  stone  per  cubic  yard.     1.0     0.97     0.94     0  92    0.82     0.63 

To  get  comparative  figures,  then,  between  the  6,  8  and  10-ft.  beds  the  cost 
figures  for  the  8-ft.  beds  must  be  divided  by  0  94,  and  the  cost  for  the  10-ft. 
beds  by  0.82,  putting  them  all  on  the  basis  of  the  6-ft.  beds. 

For  comparative  cost  a  number  of  factors  such  as  excavation,  etc.,  are 
naturally  omitted,  as  they  are  not  affected  in  all  places  the  same  waj  by  the 
depth  of  the  filter.  Comparing,  then,  only  those  particular  costs  whUdi  are 
affected  per  unit  of  output  by  the  depth  of  the  filter,  we  get  the  fQUowing: 

Per  effective 
—  cu.  yd.  depths — 
6  ft.     7  ft.     8  ft. 

Floor — Take  at  40  cts.  per  cu.  yd.  for  a  6-ft.  bed $0.40  $0.35  $0.32 

Tile — Take  11  cts.  per  sq.  ft.  for  any  depth 49       .44        .40 

Walls — Assume  cost  17  cts.  per  cu,  yd.  for  6-ft.  depth 17       .17       .18 

Cjalleries  and  Collectors — Assume  for  6-ft.  depth  25  cts.  per 

cu.  yd 26       .22       .20 

Distribution — Assume  50  cts.  per  cu.  yd.  for  6-ft.  depth  also, 

as  costs  theoretically  vary  only  according  to  quantity 

delivered,  they  must  be  same  for  all  effective  depths  per 

cu.  yd 50         50       .50 

Stone — Assume  $1.50  per  cu.  yd 1.50     1.55     1.60 

Total $3.31  $3.23  $3.20 

Outside  factors  will  depend  on  quantity  only  and  not  on  depth. 

It  appears,  then,  that  there  is  some  slight  saving  of  cost,  which,  on  tbe 
figures  given  in  the  above  tabulation,  amount  to  about  3  per  cent  io  favor  of 
the  8-ft.  deep  bed  as  compared  with  the  6-ft.  deep  bed.  On  the  other  hand.  It 
is  to  be  recc^^nized  that  a  deep  bed  will  give  a  good  deal  more  trouble  with 
pooling  and  freezing  than  a  shallow  bed.  and  the  advantages  in  faviur  of  a 
shallow  bed  due  to  this  lesser  amount  of  pooling  will  be  considerably  more  than 
this  3  per  cent  difference  in  cost.  Taking  everything  into  account,  tbe  writer 
believes  that  a  sprinkling  filter  of  not  less  than  6  ft  and  not  more  than  7  11. 
in  depth  ^ill  in  the  greater  number  of  cases  prove  the  most  economlBal  to  lue. 
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Cost  of  Constracting  and  Operatiiig  TrickUng  Ftttexs. — The  taiSkfwt^  is 
giyen  in  Metcalf  and  Eddy's  "American  Sewerage  Practioe." 

Capacity  of  Tricklino  FiUera. — The  capacity  of  trickling  filters  is  dependent 
upon  the  strength  and  character  of  the  applied  sewage  as  well  as  upon  the  slqe 
and  depth  of  filtering  medium.  The  Royal  Commission  on  Sewage  Disposal 
in  its  Fifth  Report  estimated  the  capacity  of  coarse  filters  at  aj^»rozimatdy  100 
to  200  U.  S.  gal.  per  day  per  cubic  yard  of  filtering  material,  which  is  equiyalent 
to  nearly  1,000,000  to  2,000,000  gal.  per  acre  per  day  on  a  bed  6  ft.  deep.  The 
maximum  limit  set  by  the  Royal  Conunission  might  be  considered  a  sale 
estimate  for  ordinary  domestic  sewage  in  the  United  States,  but  for  industrial 
wastes  or  sewage  containing  unusual  amounts  of  such  wastes  much  lower  rates 
may  be  necessary. 

Fuller  has  btated  that  a  fair  average  loading  for  a  filter  7  ft.  deep  is  19,000 
population  per  acre.  (Proc.  Am.  Soc.  Mun.  Imp.,  1014.)  Trickling  filters  in 
the  United  States  have  been  designed  generally  for  between  2000  and  4000 
l)ersons  per  acre  per  foot  in  depth.  The  authors  believe  that  the  former  is  a 
safe  estimate  for  treating  settled  domestic  sewage  by  trickling  filters  5  to  IQ  ft. 
deep  composed  of  broken  stone  between  1  and  2  in.  in  size. 

Relative  Merita  of  Trickling  Filters  and  Contact  Beds, — ^At  Worcester,  Mass., 
where  large  quantities  of  sulphate  of  iron  are  present  in  the  sewage,  it  was 
concluded  that  four  times  as  much  settled  sewage  could  be  treated  withsatls* 
factory  results  by  trickling  filters  as  by  contact  beds  and  that  at  least  8  eost- 
tacts  would  be  required  to  produce  as  high  nitrification  by  contact  beds  M  t>x 
trickling  filters. 

Table  V. — Cost  of  Conbtbuction  of  Certain  Tbickkzng  Filtbbs  Built  ob 

Pbojbcted  in  the  United  States 

Cost 
Depth  per 

of  Coet      cu.  yd. 

Area,     stone,      "  per  of 

Place  acres       feet  acre         filter  Remazks 

Reading,  Pa  (a) 1.0     6.3-7.0  $37,500  $3.50       Coet  of  second   unit 

constructed,  indwi- 
ing  dosing  equipment 
and  secondary  sedi- 
mentation tank. 
Exclusive  of  conduits 
and  engineering. 
Exclusive  of  engi- 
neering. 

Exclusive  of  conduits, 

roof  and  engineering. 

Exclusive     oi     enip- 

neering. 

45,000     3.98+  Including    office    and 

laboratory,  excluding 
engineering. 
Complete. 

Exclusive  of  engi- 
neering. 

Including  foundations 
and  dosing  apparatus 
but  excluding  engi- 
neering. Allowance 
for  foundations 
$7000. 

(a)  Actual  coet. 

(&)  Estimated  coet  based  on  quantities  from  design  and  contract  prices. 

(c)   Estimated  coet. 


Columbus,  O.  (a) 10.0  5.3 

Washington,  Pa.  (6)...      1.38  6.8 

Gloversville,  N.  Y.  (6).     3 .  07  4.5 

Fitchburg,  Mass.  (6) .  .      2.0  10.0 

Chicago,  111.  (c) 7.0 

Paterson,  N.  J.  (c) 10. 0 

Baltimore,  Md.  (c)....    12.0  9.0 

East  Orange,  N.  J.  (c)   7.6 


24,040  2.81 

31,700  2.89 

32,632  4.50 

69,650  3.70 


50,750     3.14 
50,700     3.49 

45,000     8.72 
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With  filters  of  coarse  material  not  subject  to  disintegration,  the  evMenoe 
seems  to  indicate  that  they  will  be  self-cleansing  if  property  operated,  whereas 
contact  beds  usually  clog  periodically.  Hence  the  cost  of  treatment  by 
trickling  filters  is  usually  much  less  than  that  by  contact  beds. 

The  effluent  from  the  trickling  filter  is  ordinarily  more  highly  nitrified  than 
the  effluent  from  contact  beds  and  after  secondary  sedimentation  is  more 
uniform  in  quality  than  contact  bed  effluent.  ** 

The  trickling  filter  is  better  adapted  for  variations  in  rates  of  fiow  than  is  the 
contact  bed. 

The  chief  advantages  in  the  use  of  contact  beds  rather  than  trickling  filters 
are  the  relatively  low  head  required,  the  somewhat  simpler  method  of  doaliic, 
minimizing  foul  odors  and  avoiding  a  fiy  nuisance. 

Table  VI. — Itemized  Cost  op  Sewage  Disposal  Plant, 

Gloversville  N.  Y. 

Total  cost  Unit  cost 

Screen  chamber  substructure S      445. 27     

Screen     chamber     house     (total     exterior 

volume,  1,350  cu.  ft.) 535. 00     $0. 40  per  cubic  foot. 

Primary  settling  tanks  (total  capacity  both 

tanks,  637,000  gal.) 15,761. 45     26. 10  per  1,000  gal. 

Dodns  tank  (total  capacity,  8,800  gal.).. .        1,403.  52     160.00  per  1,000  saL 
Trickhng  filters  (3.07  acres,  area  of  stone).    106.560. 48     34,700  per  acre 
Secondary   settling   tanks    (total   capacity 

both  tanks,  242,000  gal.) 9.292.  31     38. 40  per  1,000  gaL 

Sludge  beds  (2.63  acres  effective  sand  area).        9,097.  23     2,450  per  acre 
Sand  filter  beds  (2.72  acres  effective  sand 

area) 24,716.  77     9,090  per  acre 

Sludge  pump  well  (total  capacity,   16,230 

gal.). . . : 1,232.  61     75. 90  per  1,000  gal. 

Sludge  pump  house  (total  exterior  volume, 

1,880  cu.  ft.) 535. 00     0.  39  per  cubic  foot 

Sludge  pumping  machinery 460. 00     

Conduits  and  pipe  lines  (sewage,  eflSuent, 

sludge,  water) 11,758.  85     

Grading,  drives,  walks,  trees,  cleaning  up, 

etc 3,800.  78     •.•••.^.■* 

Creek  deepening  and  straightening 1,396.  30     

Miscellaneous 57. 99     

Extras,    claims,    incidentals,    delays    and 

damages 1,700. 00     

Total  cost $188,753.  56 

On  basis  of  3,000,0(X)  gal.  of  sewage  treated  daily,  $62,900  per  1.000,000  gaL 
Cost  of  Construction. — The  actual  or  estimated  costs  of  various  triddfng 
filters  built  or  projected  in  the  United  States  are  shown  in  Table  V.  They 
vary  from  $24,000  to  $60,000  per  acre  and  from  $2.81  to  $4.50  per  effective 
cubic  yard  of  filter.  Fuller  gives  the  average  cost  of  a  trickling  filter  7  ft. 
deep  as  $45,000  per  acre,  or  $2.37  per  capita,  based  on  a  population  of  19,000 
served  per  acre.  (Proc.  Am.  Soc.  Mun.  Imp.,  1914.)  The  actual  cost  of  the 
10-ft.  Fitchburg  trickling  filter  was  $58,847  per  acre  exclusive  of  excavatku, 
or  $2.94  per  capita,  based  on  a  population  of  20,000  per  acre  of  filter.  (Hart- 
well,  Jour.  Bos.  Soc.  C.  E.,  vol.  il,  1915,  page  221.) 

The  relation  which  the  cost  of  trickling  filters  bears  to  the  costs  of  the  other 
parts  of  a  trickling  filter  plant  will  vary  according  to  the  design,  as  indicated 
in  Tables  VI  and  VII.  showing  the  actual  itemized  costs  of  construction  at 
Gloversville,  N.  Y.,  and  Fitchburg,  Mass.  The  roof  system  at  GloyersriDe 
hicreased  the  cost  of  the  trickUng  filter  by  approxmately  $13,336,  or  $4446 
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At  Reading,  Pa.,  the  net  expenditure  for  maintenance  and  operation  of  the 
sewage  pumping  and  disposal  worliis  for  1912  was  $15,470.24,  equivalent  to 
$9.13  per  1,000,000  gal.  of  sewage  treated.  (Rept.  City  Engineer,  1912.) 
City  Engineer  Uirich  advised  the  authors  that  the  cost  of  operation  of  the 
disposal  plant  alone  for  that  year  was  $5215.10,  which  is  equivalent  to  $3.08 
per  1,000,000  gal.  treated.  E.  Sherman  Chase,  formerly  chemist  in  charge, 
stated  that  the  labor  in  connection  with  the  trickling  filters  was  performed  by 
three  men  working  in  8-hour  shifts,  who  act  as  watchmen,  coUect  samples  for 
analysis  and  care  for  the  laboratory  and  grounds.  These  men  are  paid  $2 
per  day,  so  that  the  labor  cost  is  a  httle  over  $1  per  1,000,000  gal.  sewage 
filtered.      {Engineering  News,  AugUi^t  22,  1912.) 

Calvin  W.  Hendrick,  Chief  Engineer  of  the  Sewerage  Conunission  of  Balti- 
more, stated  that  the  cost  of  operation  of  the  Baltimore  sewage  treatment 
plant,  with  12  acres  of  trickling  filters,  when  working  up  to  its  capacity,  will 
probably  be  between  $1.50  and  $2  per  1,000,000  gal.  The  organization  at 
this  plant  Mr.  Hendrick  gave  as  follows:  1  division  engineer,  who  also  super- 
vises construction  work;  1  mechanical  engineer;  1  chemist  and  bacteriologist; 
1  assistant  chemist;  3  operating  engineers;  1  relief  engineer  and  4  oilers  for  tiie 
power  plant;  1  machinist;  1  carpenter;  1  foreman  for  laborers;  and  12  to  20 
laborers. 

The  organization  at  the  Pennypack  Creek  disposal  works,  Philadelphia. 
Pa.,  designed  to  treat  2,000,000  gal.  daily,  was  stated  by  George  S.  Webster, 
Chief  Engineer  of  the  Bureau  of  Surveys,  as  follows:  The  assistant  engineer 
of  the  Sewage  Disposfd  Division  has  supervision  of  the  operation  of  the  plant. 
which  requires  only  a  small  part  of  his  time,  and  an  assistant  has  immediate 
charge  of  maintenance,  supplies  and  records.  The  force  at  the  plant  consists 
of  an  operator  on  duty  every  day,  having  immediate  charge  of  the  operation, 
sampling,  etc.,  4  assistant  operators  working  8  hours  a  day,  6  days  a  week,  a 
watchman  for  night  duty,  and  a  laborer  for  day  duty,  such  as  handling  sludge, 
caring  for  lawns,  shrubbery,  etc.  The  analytical  work  is  done  partly  at  the 
Bureau  of  Water  laboratory  nearby  and  partly  at  the  Bureau  of  Surveys 
Laboratory  at  the  City  Hall. 

The  costs  of  operating  different  parts  of  the  plant  at  Gloversyille,  N.  Y. 
have  been  very  carefully  kept  under  the  direction  of  H.  J.  Hanmer,  City 
Engineer.  The  itemized  cost  for  1913  and  1914  is  given  in  Table  IX.  The 
cost  of  operating  the  trickling  filters  alone  constitutes  roughly  15  to  36  per 
cent,  of  the  total  for  the  entire  plant.  The  cost  of  removing  and  replacing  the 
roof  and  sides  of  the  building  in  which  the  filter  is  housed  during  winter  con- 
stitutes a  substantial  part  of  the  trickling  filter  maintenance  chaigea.  The 
remainder  is  occasioned  by  nozzle  clogging.  About  60  nozzles,  or  approxi- 
mately 10  per  cent,  of  those  in  use,  are  cleaned  each  day. 

The  cost  of  operation  of  trickling  filter  plants,  per  l,000,000gal.  of  sewage 
treated,  other  conditions  being  equal,  will  decrease  with  increasing  size  of 
plant.  Estimates  made  by  the  authors  in  connection  with  the  joint  disposal 
of  sewage  from  several  municipalities  in  New  Jersey  ranged  from  $5.19  per 
1,000,000  gal.  for  an  estimated  flow  of  4,400,000  gal.  daily  to  $2.92  for  14,300.- 
000  gal.  E.  J.  Fort,  Chief  Engineer  of  Sewers  of  Brooklyn,  estimated  the 
cost,  including  interest  and  depreciation  of  sinking  fund,  at  $13.81  per  1,000.- 
000  gal.  with  a  flow  of  5,000,000  gal.  daily,  $11.41  for  a  rate  of  10,000  gal., 
$9.76  for  20,000,000  gal.,  and  $9.50  for  30,000,000  gal. 

Thomas  Pealer.  Borough  Engineer  of  Indiana,  Pa.,  furnished  the  following 
information  concerning  the  sewage  disposal  plant  at  Indiana,  Pa.,  compiriiiiv 
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screen  chamber,  septic  tanks  and  a  trickling  filter  220  X  100  X  5H  ft*  deep, 
of  H  to  3K-in.  broken  stone,  with  dosing  tank  and  fixed  nozzles.  It  serres 
8000  persons  and  treats  500,000  to  1,000,000  gaL  daily  of  domestic  sewage^ 
from  separate  sewers.  This  plant  cost  $40,000  and  is  operated  by  1  man  at  a 
cost  of  $750  i>er  annum. 

Table  IX. — Cost  op  Operation  of  Sewaoe  Tbbatment  Works,  Glovubs- 

VILLB,   N.   Y. 

1913  1014 

Supervision  by  city  engineer $    600. 00 

Operation  of  screens,  etc $    223. 37  574.00 

Sludge  pumping: 

Labor  and  repairs 226. 00  207. 00 

Eleetrio  power 318. 34  214. 05 

Maintenance  of  trickling  filters: 

Noaales 897. 28  395. 00 

Removing  and  replacing  covering 278. 25  359. 00 

Maintenance  of  sludge  beds 1,312. 46     1,285. 00 

Cleaning  troughs  of  secondary  tanks 35. 50  19. 68 

Maintenance  of  sand  filters 440. 33  315. 00 

Maintenance  of  grounds 399. 97  168. 00 

Miscellaneous  work 169. 87  366. 00 

Chloride  of  lime  and  other  suppUes 835. 96  664. 27 

Telephone •.  42. 00 

Cleaning  and  repairing  east  primary  settling  tank  (un- 
usual item) 709. 00 

Total  cost  for  year $5,137.  33    $5,951. 95 

Cost  per  1,000,000  gal.  treated,  average  flow  2,750,000 

gal.  daily 5.16  5.92 

Cost  per  capita  based  on  estimated  population 0. 24  0. 27 

Estimated  population 21,600        21.800 

The  plant  at  Chambersbnrg,  Pa.,  as  described  by  Frank  H.  Clutz,  Boroof^ 
Engineer,  consists  of  Imhoff  tanks,  a  trickling  filter  160  X  125  X  7  ft.  deep, 
of  IM  to  3H-in.  limestone,  with  dosing  tank  and  fixed  nozzles,  and  secondary 
sedimentation  tanks.  The  entire  plant  cost  $46,595.25,  exclusive  of  land,  the 
cost  of  the  trickling  filter  alone  being  estimated  at  $18,500.  This  plant  cares 
for  the  sewage  from  about  5400  persons  of  the  town  population  of  about  13,500, 
and  the  average  flow  of  sewage  treated,  including  ground  water,  is  about 
1,400,000  gal.  per  day.  Two  men  are  regularly  employed,  one  during  the 
day  and  one  at  night,  and  occasional  assistance  is  required.  The  cost  of 
operation,  maintenance  and  improvements  for  1914  was  $4302.54. 

The  sewage  of  the  State  Hospital  for  the  Insane,  Norristown,  Pa.,  Oscar  L. 
Schwartz,  Steward,  is  treated  by  a  coarse  screen,  sedimentation  tank,  trickling 
filter  100  X  173  X  6M  ft.  deep,  of  IM  to  3>^-in.  limestone,  with  dosing  tank 
and  fixed  nozzles,  and  final  sedimentation  tanks.  The  number  of  persons 
at  the  hospital  is  3500  and  the  quantity  of  sewage  treated  is  575,000  gal.  per 
day.  Two  men  are  employed  at  this  plant  and  the  annual  cost  of  operation 
is  estimated  at  $1290. 

The  sewage  disposal  plant  of  the  State  Hospital  for  the  Insane  at  Warren, 
Pa.,  according  to  Albright  &  Mebus,  consists  of  an  Imhoff  tank,  a  trickling 
filter  95  X  99H  X  7M  ft.  average  depth,  of  stone  2  to  3>^  in.  in  size,  with 
dosing  tank  and  fixed  nozzles,  and  a  final  sedimentation  tank.  It  serves  about 
1800  persons  and  treats  about  270,000  gal.  per  day.  The  cost  of  con- 
struction was  $12,800  or  $59,000  per  acre.  One  man  is  employed  about  6 
hours  each  d^  in  caring  for  this  plant. 

The  trickUng  filter  plant  at  the  United  States  Naval  Tndning  Station, 
Oreat  Lakes,  111.,  according  to  lieut.  J.  B.  Earle,  Public  Works  Ofifloer,  con- 
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fAitlH  fif  preliminary  .sf'ptin  tanks  and  roughing  filters  and  2  trickling  fllteiv.  each 
20  X  f/)  y  7U.  4-m.  df«p,  of  >^  to  54-in.  stone,  dose^j  by  splash-plate  distribu- 
tor 4.  The  ]>lant  nerves  900  people  and  treats  300,000  gal.  of  sewage  per  d«y. 
'i'he  cr^t  of  crjastruction  of  the  filters  was  $35,939.50  and  the  annual  cost  of 
operation  u  estimated  at  $300. 

Dr.  L.  Rosenburg,  Superintendent  of  the  Montefiore  Home  County  Sani- 
tarium. Be<iford  Hills,  X.  Y.,  reports  that  the  sewage  disposal  plafat  at  thb 
lastitution,  accommodating  245  persons,  consists  of  septic  tanks,  3  small 
trickling  filters  of  2-in.  stone  with  1  nozzle  each,  and  a  settling  tank  for  the 
effluent.  This  plant  cost  $10,000  and  the  cost  of  operation  is  stated  to  be 
negligible,  although  the  engineer  visits  the  plant  each  day. 

Cost  of  Intermittent  Sand  Filtration. — The  following  is  given  in  Metcalf 
and  Ei^ldy'.'i  "American  Sewerage  Practice." 

Where  a  deposit  of  free  sand  or  sand  and  gravel  is  available  in  place,  it 
may  l>e  u.se'i  for  intermittent  filtration  by  simply  grading  the  surf aoe  to  leoeive 
the  sewage.  Loam,  subsoil  and  .silt  are  not  desirable  as  filtering  media  CA 
acrx>unt  of  their  tendency  to  hold  water  by  capillarity,  preventing  suooesaful 
aeration  of  the  l>e<l,  except  when  very  low  rates  of  filtration  are  used,  such  as 
those  employed  in  broarl  irrigation.  Clay  and  cementitious  sands  or  other 
comparatively  impervious  materials  are  useless  for  filters. 

The  removal  of  loam  and  subsoil  is  necessary  if  any  considerable  quantity 
of  sewage  is  to  lie  purified  upon  beds  of  a  given  area.  Relative  expense  will 
X)robably  determine  the  extent  to  which  it  is  desirable  to  remove  the  subst^ 
WheTe  there  are  trees,  organic  matter  will  be  found  around  their  roots  at  a 
considerably  greatf;r  depth  than  where  there  are  no  trees,  and  care  must  be 
exercis«id  to  remove  this  in  grubbing  out  tree  roots.  Similarly,  in  gravdly 
soils  containing  many  large  stones,  fine  sandy  material  may  be  found  surround- 
ing the  stones.  Therefore,  beds  built  in  such  material  are  not  likely  to  be  so 
homogeneous  as  those  built  in  ground  made  up  of  more  uniform  material. 

1'he  liinit  for  excavation  may  be  determined  in  several  ways:  first,  by  color: 
second,  by  loss  of  weight  on  ignition,  due  to  the  volatilization  of  the  organic 
rnatt<<!r;  third,  by  taking  a  small  portion  of  the  sand  in  a  glass  oi  water,  wh^Hng 
thf)roughly,  and  jKinnitting  it  to  subside,  the  amount  of  organic  matter  and 
fine  siiiid  foun<l  ui)on  the  top  of  the  sand,  when  the  material  has  settled, 
furnishing  a  rea/ly  guide  as  to  the  relative  content  of  objectionable  matter. 

Uniformity  of  Material  Desirable. — Stratification,  or  the  presence  in  an 
otherwise  unifonri  and  satisfactory  material  of  sand  of  different  sixes  or  of 
cementitious  character,  is  objectionable.  When  sewage  is  run  <xito  a  bed  of 
uniform  mat<i!rial,  the  suspended  matter  is  arrested  upon  or  near  the  suifioe. 
the  water  gradually  passing  through  the  bed  at  a  comparatively  uniform  lata 
without  any  tendency  to  clog  except  at  the  surface.  If  the  material  is  stratl- 
fie<I,  with  the  coarser  sand  on  top,  the  bed  is  likely  to  become  clogged  Ity  a 
filin  of  organic  matter  on  the  surface  of  the  fine  sand  below.  This  may  be 
cause<l  in  part  by  the  passage  of  very  fine  suspended  matter  through  the  coarser 
sand  and  its  retention  upon  the  surface  of  the  fine  stratum,  and  also  probably 
by  the  formation  of  an  organic  growth  there,  due  to  difference  between  the 
quantities  of  oxygen  and  water  contained  in  the  coarse  and  fine  sands.  If 
the  finer  material  is  on  top,  while  there  will  be  no  tendenpy  for  the  fine 
suspended  matter  to  form  a  clogging  film  on  the  surface  of  the  coarser 
sand,  there  may  be  an  accumulation*  of  oxide  of  iron  (here  due  to 
the  difference  in  the  quantities  of  oxygen  present  in  the  two  strata.  A 
precipitation  of  oxide  of  iron  may  take  place  throughout  the  ttiatum  of 
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coarse  material,  and  If  this  sand  is  underlaid  with  a  stntum  of  fine  sandt 
a  film  of  oxide  of  iron  will  f onn  upon  the  suif aoe  of  the  finer  materlaL  An 
interstratified  layer  of  fine  material  may  act  as  an  air  seal,  due  to  caiiUluy 
action,  and  thus  prevent  the  satisfactory  aeratioQ  of  the  knrer  portkMi  of 
the  bed. 

Cost  of  ConttrueiUon, — ^The  cost  of  constructing  fitter  beds  will  tunally  be 
found  to  lie  between  S2500  and  $5000  per  acre,  although  ^In  some  favored 
localities  this  cost  may  not  exceed  $1000.  If  the  beds  have  to  be  built 
wholly  artificially  the  cost  may  reach  $10,000  per  aera.  If  the  sand  has  to 
be  hauled  a  considerable  distance. 

Cost  of  Operation  and  Maintenanee.^^Th!iB  cost  Will  be  found  to  lie  ordi- 
narily between  $100  and  $150  per  acre,  the  cost  per  1,000,000  gal.  of  i 
filtered  being  about  $10,  as  will  be  seen  from  Table  X. 

TaBUB    X. — AVBBAGB    AnNITAL    CoST    op   FlLTBATION    AbBAS    IN    FOUB 

Massachusetts  Cztibs 
(Compiled  from  Annual  Reports) 

1 

o  S  3 

■^      ^  %       -i 
^  %         1        11       " 


'8  3  feS  Si? 

Brockton 1896-10  34,500-  21.48-  0.501- 

56.900  35.77  1.297 

Clinton 1900-10     13,700-  23.5-  0.625- 

13,100  25.0  0.829 

Concord 1901-10       5,600-       3.3  0.273- 

6,400  0.264 

Worcesteri 1904-10  129.500-         3.3-  0.27a- 

146,000  74.3  4.718 

1  As  only  part  of  the  sewage  is  treated  b^^  intermittent  filtration,  no  satis- 
factory figures  of  the  cost  per  capita  can  be  given. 

Cost  of  Operating  Contact  Beds. — The  following  is  given  in  Metcalf  and 
Eddy's  "American  Sewerage  Practice."  Probably  the  best  figures  on  the 
cost  of  operation  in  America  are  those  obtained  at  Plainfield,  N.  J.,  stated 
by  Fuller  (in  his  "Sewage Disposal")  to  be  as  given  in  Table  XI. 

Tablb  XI. — Cost  of  Opbration  of  Plaxnfiblo  Sbwaqb  Disposal  Plamt 

Item  1907  1908           1909           1910 

Manager-chemist,  consulting  engineers $1325.50  $1818.46  $1677.67 

Night  operator $  540. 00 

Laboratory 41.69  247.87       147.18         80.72 

Tools  and  supplies 23. 02  103.45         32. 63           8.28 

Labor 50.59         53.70 

Water  guarantee 73.20         73.20         73.20 

Telephone 43. 99  25. 08         28. 58         23. 05 

Care  of  contact  beds.,. 1180.53  1189.26       885.09       918.68 

Care  of  septic  tanks,  including  empty- 
ing and  disposal  of  sludge 662.25  603.50       252.89       269.17 

Grading  and  weeding  ba^s 104 .22 

Screen  attendance 193.14       298.30       312.23 

Farming - 236. 15 

Total $2955. 64 

Farm  products  receipts 248 .65 


110 

9.26  0.20 

108 

8.88  0.06 

290 

•  •  •  • 

10.87  

Total  cost  of  maintenance $2706.99  $3814.70  $3536.33  $3289.80 

Improvement  of  contact  beds 2032.87       935.36 

Repair  of  septic  tanks 101.14   151.89     1011.15 
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In  1910  the  number  of  connections  was  3746;  mwiiTning  5  perscms  per  con- 
nection, there  would  be  a  total  of  18,730  persons.  The  flow  amounted  to 
1,800,000  gal.  per  day,  making  the  cost  $5  per  1,000,000  gal.  or  $0.18  per  capita 
per  year.  There  are  8  primary  and  8  secondary  beds  with  a  total  area  of  8.6 
acres. 

At  Mansfield,  Ohio  (Report  Ohio  State  Board  of  Health,  1008),  the  costs 
of  operation  during  1906  and  1907  were  $5644  and  $5260  respectively,  and 
included  removal  of  sludge  from  the  septic  tanks.  Furthermore,  about  (Hie- 
half  of  the  cost  was  for  coal  used  in  pumping.  These  figures  made  the  per 
capita  cost  $0.47  and  $0.44  respectively. 

At  Manchester,  England,  very  complete  cost  accounts  have  been  k^. 
In  the  1907  report  of  the  Rivers  Department  is  given  a  table  showing  the 
actual  cost  of  a  selected  area  of  6  acres  from  the  starting  oi  the  beds  until  the 
filtering  material  was  taken  out : 

Average  number  fillings 2 ,  690 

Gallons  (U.  S.)  of  septic  tank  effluent 

dealt  with  by  the  6  acres 4.610,000,000 

Total  maintenance  cost » $4 ,  085 

Total  renewal  cost   ($0.40>^  per  cubic 

yard) $13,700 

Maintenance  cost $1.05  per  1,000,000  U.  S.  gal.  filtered. 

Renewal  cost $3.57  per  1 ,000,000  U.  8.  gal.  filtered. 

Actuating  valves $0.30  per  1 ,000,000  U.  8.  gal.  filtered. 

Total  working  cost $4.92  per  1 ,000.000  U.  S.  gal.  filtered. 

Cost  of  Preparing  and  Placing  Ashes  or  Cinders  for  Filtering  Material  ia 
Contact  Beds. — E.  G.  Bradbury  gives  the  following  in  Engineering  and  Con- 
tracting, Aug.  31,  1910. 

Filtering  material  is  one  of  the  largest  cost  items  in  every  sewage  dJaposil 
plant,  in  which  filtration  is  made  a  part  of  the  process  of  purification.  Local 
conditions  naturally  control  the  selection  of  the  material  to  be  used.  Sand 
is  frequently  so  expensive  as  to  be  almost  out  of  the  question,  espedaUy  in 
view  of  the  fact  that  its  exclusive  use  requires  much  greater  area  and  oonse- 
quently  larger  quantity  of  material  than  if  a  coarser  material  and  one  of  the 
high  rate  types  of  filter  be  installed. 

P'or  contact  filters  no  material  is  more  satisfactory  or  economical  than  a 
good  grade  of  ashes  or  cinders,  those  produced  by  locomotives  h^og  paitko- 
larly  good.  These  are  largely  either  of  a  vitrified  or  coky  nature  and  therafoin 
less  liable  to  disintegration  than  the  softer  ash  produced  by  some  indiutrU 
plants.  An  excellent  ash  is  produced  by  many  iron  and  steel  mlUs  and 
furnaces. 

This  material  can  frequently  be  purchased  from  the  railroads  and  can  ahraji 
be  found  in  quantity  in  large  cities,  or  those  having  important  IndustrU 
plants.  In  Ohio  the  market  price  T&ngvs  from  practically  nothing  up  to  IS 
per  car  at  the  place  of  production,  and  the  railroad  companies  will  oflM 
furnish  round  hoiwe  cinders  for  the  price  of  hauling,  provided  they  are  not 
using  the  product  for  filling  along  their  lines. 

During  the  fall  of  1901  the  writer  was  employed  as  resident  «wigitMMff  ]■ 
charge  of  the  disposal  plant  at  Mansfield,  Ohio,  where  l^i  acres  of  contact 
filters  were  filled  to  a  depth  of  4.75  ft.  with  crushed  and  screened  loockmottfi 
cinders,  the  work  being  done  by  day  labor  and  all  apparatus  and  malBiW 
purchased  directly  by  the  city.  The  figures  given  below  are  therefore  aetori 
costs  in  real  money  and  not  approximations. 
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The  filter  beds  are  laid  out  in  the  form  of  a  circle  about  280  ft.  in  diameter* 
divided  into  five  beds  by  radial  embankments.  The  crushing  and  screentoff 
plant  was  erected  dose  to  the  outer  edge  of  the  circle,  and  a  aiding  wJEis  run 
alongside  the  crusher;  there  was,  therefore,  no  hauling  of  the  raw  material 
and  the  average  haul  for  the  finished  product  was  about  160  ft. 

The  plant  for  preparing  the  material  consisted  of  a  coke  cruaher  or  tXtet^ 
in  which  the  cinders  pass  between  two  rolls  with  corrugated  faces,  removable 
in  segments,  a  chain  and  bucket  elevator  to  raise  the  crushed  material  to  the 
screen,  and  the  jigling  screen,  known  to  the  trade  as  the  Columbian  Separator. 
Power  was  furnished  by  a  traction  engine  hired  by  the  day,  and  the  whole 
apparatus  housed  and  provided  with  bins  and  chutes,  for  economical  handling 
of  the  cinders.  This  outfit,  which  was  furnished  by  the  Jeffrey  Mfg.  Co.  of 
Columbus,  Ohio,  proved  in  every  way  suited  to  the  requirements.  The! 
leaking  screen  is  the  only  one  which  can  successfully  remove  the  dust  and 
flake,  as  the  material  is  usually  moist  and  requires  a  hard  jolting  to  separate 
the  particles.  The  screen  stands  at  an  angle  of  45**  and  has  a  movement  aa 
recalled  by  the  writer  of  about  2  ins.  at  a  rate  of  about  160  per  minute.  A 
wire  screen  doth  of  3  meshes  to  the  in.  removed  all  dust  of  less  than  H  in. 
diameter,  and  practically  none  of  greater  size,  the  whole  plant  producing  a 
beautifully  clean  material  from  M  to  ^  in.  in  dimension. 

The  cinders  were  received  in  flat  bottomed  coal  cars  with  side  boardff 
containing  an  average  of  about  30  cu.  yds.  They  were  shovded  from  the 
cars  onto  a  platform,  beneath  which  the  crusher  was  set,  with  its  hopper  on  a 
level  with  the  floor.  The  siding  was  extended  beyond  the  plant  a  suflBdent 
distance  to  hold  10  cars  and  on  a  grade  which  allowed  the  cars  to  be  placed  at 
the  platform  by  gravity  after  a  train  was  set  by  the  switch  engine.  The 
product  of  the  screen,  which  was  set  about  40  ft.  above  the  crusher,  fell  into 
bins,  f  nmi  which  the  filter  material  could  be  drawn  by  diutes  into  wagons  or 
into  a  small  car,  while  the  dust  was  drawn  into  the  emptied  flat  cars  and 
hauled  away  by  the  railroad  free  of  charge. 

A  strip  around  the  outside  of  the  beds  was  first  filled  by  wagons  to  a  suffi- 
cient width  to  lay  a  movable  track  on  the  cinders,  and  the  remainder  waa 
handled  by  means  of  the  small  car,  which  held  about  IH  cu.  yds.,  dumped 
from  the  side,  and  was  run  by  hand  by  two  men  on  the  track  referred  to. 

Roundhouse  cinders  were  purchased  direct  from  the  Pennsylvania  R.  R.  at 
a  price  of  $8  per  car.  The  wdght  per  cubic  yard  is  from  1,200  to  1,300  lbs., 
439  cars,  or  about  12,970  cu.  yds.  of  the  raw  material  were  required  to  produce 
the  9,579  cu.  yds.  of  coarse  screenings  used,  showing  a  loss  of  26  per  cent. 
This  is  slightly  better  than  can  be  counted  on  as  the  cinders  were  of  ezceiH 
tional  quality.  It  is  not  safe  to  figure  on  more  than  65  per  cent,  of  the  raw 
material. 

The  total  cost,  induding  crushing  and  screening  plant,  foreman  and  all 
expense  of  every  kind  was  as  follows: 

Cost  of  Outfit: 

Machinery $     850.00 

Lumber 222.68 

Labor  on  bin 87 .  30 

Side  track  (labor  only) 208 .  10 

Awning 6 .  80 

Total i $1 ,  373 .  83 

Repairs,  new  parts,  etc 281 .  34 

Cost  of  Material: 

438  cars  of  cinders  at  $8 3,512.00 
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Cost  of  Operation: 

La^or $2,578.42 

Coal : go. 00 

Use  of  engine 101. 25 

Oil 84.43 

Insurance 14. 00 

Total $2,808.10 

Total  coat $7,970.27 

Per  cubic  yard 0.882 

The  cost  per  cubic  yard  of  finished  material  was  as  follows: 

Per 

cu.  yd. 

Crushing  and  screening  plant,  bins  etc.  (applicable  only  to  similar 

quantities) $0. 144 

Repairs,  etc 0.020 

Cinders 0.886 

Handling O.203 

$0,882 

The  last  item  can  be  subdivided  as  follows: 

Total  Per  cu.  yd. 

Labor  unloading  cars $     462.27  $0,048 

Labor  at  crusher  and  placing  cinders 2,111.15  0.220 

Power 215.68  0.028 

Insurance 14 .  00 

The  cost  of  placing  in  filters  by  means  of  the  small  cars  was  about  $0.02  per 
cubic  yard. 

The  price  paid  for  labor  varied  from  $1.50  to  $1.75  per  day  averaging  prob- 
ably $1.60.  The  foreman  received  $2.50  per  day  and  the  engine  mui  $8. 
The  entire  job  was  handled  carefully  and  close  attention  to  business  1b  neoet- 
sary  to  duplicate  the  results. 

Cost  of  Sewage  Treatment  Works  at  Washington,  Penn. — Donald  M. 
Belcher  gives  the  following  information  in  Engineering  News.  Apr.  11, 1012. 

The  sewage  treatment  works  for  Washington,  Penn.,  were  built  in  1007-8. 

The  plant  consists  of  septic  tanks,  sprinkhng  filters  and  settling  bacrins  and 
has  a  capacity  of  3,000,000  gal.  of  sewage  per  24  hours.  It  is  located  aboot 
three  miles  below  Washington,  on  the  Chartiers  Creek,  near  Aiden  Station. 

Screen  Chamber. — The  sewage  first  enters  the  screen  chamber,  which  li 
situated  on  the  opposite  side  of  the  creek  from  the  rest  of  the  purificatSon 
works.  This  chamber  is  open  and  divided  into  two  sections,  each  of  whkdi 
may  be  shut  off  by  stop  planks.  The  sewage  passes  through  two  screens,  the 
first  having  openings  of  H  in.  and  the  second  openings  of  >4  in. 

Suction  Conduit. — The  sewage  passes  under  the  creek,  through  a  l&4n.  oast- 
Iron  inverted  siphon,  and  flows,  by  gravity,  to  the  pumping  station.  In  a  oon- 
duit  consisting  of  20-in.  vitrified  pijie  laid  in  concrete. 

Pumping  Station. — The  building  is  of  pressed  brick  with  sandstone  trim- 
mings, reiiting  on  concrete  foundation  walls,  which  fonn  the  lower  iiortkm  of 
the  station,  in  which  the  machinery  is  located.  The  roof  is  of  slate  carried  by 
steel  trusses. 

Under  pumping  machinery  is  included  one  25-hp.  and  two  15-hp.  Qaidner 
gas  engines,  one  8-in.  and  three  5-in.  Brooks  centrifugal  pumps  and  all  piping* 
valves  and  appurtenances  in  ttie  pump  pit.  The  gas  engines  are  of  horiiontal. 
single-cylinder,  two-cycle  tyi)e  and  are  fitte<l  with  hot  tube  Ignition  and  oom- 
pressed-air  starting  devices.    The  5-in.  and  one  8-in.  sewage  pumps  h»Te  a 
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Tabi/E  XII. — Unit  Pbicbs,  Sbwagb-Pubipication  Wokxs,  Washinotor,  Psmr. 

Quantity  Unit  price 

Kxcavatiou 14 ,730  cu.  yd.  $    0.28 

Concrete,  roofs,  L:2:4 358  ou.  yd.  11.00 

reinforced  walls  and  walls  having  a  mini- 
mum dimension  of  12  in.  or  less,  1:2:4.     1,280  ou.  yd.  7.40 
heavy  walls  and  foundations,  1:2H:5H*     It 617  cu.  yd.  7.00 

floors,  1:2K:5>^ 1,412  cu.  yd.  6.00 

Ransome  twisted  steel  reinforcement 30. 5  tons  46.00 

Cast  iron  pipe 66. 6  tons  60.00 

Special  castings,  bell  and  spigot 6.1  tons  86.00 

Special  castings,  flanged 8.8  tons  105.00 

Broken  stone  filtering  material.  local 13,730  cu.  yd.  1 .20 

Broken  stone  filtering  material  shipped  in 1 ,  135  ou.  jrd.  ]L .  00 


Tablb  XIII. — Costs  of  Vabious  Parts  op  thb  Sswaqb-Purxfication  Wokks, 

Washinqton,  Psnn. 


Land 

Screen  chamber 

Suction  conduit.  16-in.  c.  i.  siphon. 
20-in.  suction  line 


17  acres 
826  cu.  ft. 

80  lin.  ft. 
257  Kn.  ft. 


Pumping  station,  28  X  60  ft. 

Biulding,  substructure 22,300  cu.  ft. 

Building,  superstructure 25 ,  200  cu.  ft. 

Machinery,  engines  and  pumps 

Machinery,  water  supply 


14-in.  c.  i.  force  main 385  lin.  ft. 

Septic  tanks,  800,000  gal. 

Earthwork,  average  cut 10.5  ft. 

Concrete 1 ,  204  cu.  yd. 

Steel  reinforcement 16. 6  tons 

Valves,  pipes,  etc 


Doeing  chamber 

20-in.  c.  i.  conduit  to  filters. 

Sprinkling  filters 

Earthwork/ average  cut.  . 
Concrete  walls 


630  cu.  ft. 

190  lin.  ft. 

1.5  acres 

1.5  ft. 

454  cu.  yd. 

Flushing  ^^alleries 56 ,  700  cu.  ft. 

Distributing  system 

Collecting  system 

Filtering  material 14 ,865  cu.  yd. 

Miscellaneous 


Settling  basin.  160,000  gal. 

Earthwork 

Concrete 

Valves,  pipes,  etc 


18-in.  outfall  conduit 

Sludge  disposal 

Drying  area 

18-in.  drain  from  septic  tanks. . 

10-in.  drain  from  settling  basin. 

6-in.  c.  i.  force  main 


4-in.  c.  i.  water  main. 
Miscellaneous 


164  cu.  yd. 


165  lin.  ft. 

1 . 5  acres 
416  lin.  ft. 
165  lin.  ft. 
202  lin.  ft. 

430  lin.  ft. 


Total  cost  (exclusive  of  engineering) 
Engineering,  10. 1  % 

Total  cost , 


$    830 
1.179 


2,908 
6.184 

4.827 
3,823 


1.379 

9.087 

743 

2.700 


1,341 
3.686 
8.376 
9.578 
8.806 
18.324 
238 


500 

1,099 

293 


762 
652 
289 
148 


S  14,000 
823 

2.000 


8.092 

8,660 
1,070 


13.909 

382 
766 


50,299 


1.892 
314 


1.851 

227 
1,045 

$104,828 
10,594 

$115,422 


774 


HANDBOOK  OF  CONSTRUCTION  COST 


Tablb  XIV. — Unit  Costs  of  Stbuctubus  Composing  SBWAOB-PuBincATiosr 

Works,  Washington,  Pbnn. 

Capacity  Unit  price 
Pumping  station  building  : 

Substructure 22,300  cu.  ft.  $0. 13  per  cu.  ft. 

Superstructure 25,200  cu.  ft.  0.21  per  cu.  ft. 

Total 47, 500  cu.  ft.  0. 17  per  ou.  ft. 

Septic  tanks 800.000  gal.  $17,380  per  1 . 000 . 000 gal. 

Sprinkling  filters 1.5  acres  S33.530  per  acre 

SettHng  basin 160,000  gal.  1 1 . 820  per  1 . 000 , 000 gal. 

Screen  chamber 3,000,000  $       108                  Per 

Suction  conduit 070 

I'umping  station gallons  5 , 580           1 .000,000 

Force  main 357 

Purification  plant:                                          per  gallons 

Septic  tanks 4 ,  636 

Dosing  chamber 127 

Conduit  to  filters 24  hours  255                  per 

Sprinkling  filters 16.766 

Settling  basin 630             24  hours 

Outfall 105 

Sludge  disposal 617 

Water  main 76 

Miscellaneous 314 

Total  purification  plant $23 .  .'>26 

Total  purification  works  (ex- 
cept land  and  engineering).  30,276 

Total  purification  works  (in- 
cluding land  and  engi- 
neering)    38 .474 


combined  maximum  rated  capacity  of  5,040,000  gal.  per  24  houra,  aflr&lnflt  a 
head  of  20  ft.,  and  the  5-in.  sludge  pump  has  a  maximum  rated  capacity  of 
1,080,000  gal.  per  24  hours,  against  a  7-ft.  head. 

The  water  supply,  to  furnish  water  for  cooling  the  gas  engines  and  for  fliuh- 
ing  purposes,  is  obtained  from  two  wells  which  were  driven  near  the  station. 
The  water  is  lifted  from  these  wells  by  compressed  air  into  a  suction  well,  of 
16,500  gal.  capacity,  just  outside  of  the  station,  and  pumped  from  this  into  a 
concrete  storage  tank,  situated  on  rising  ground  about  175  ft.  from  the 
station.  This  tank  has  a  capacity  of  4000  gal.  and  is  13  ft.  above  the  gas 
engines. 

lender  this  item  is  included  the  cost  of  drilling  two  wells  (126  ft.  deep); 
a  20-hp.  Gardner  gas  engine;  a  Gould  triplex  pump  of  160  gal.  per  nUn. 
capacity;  a  Hall  air  compressor  having  a  capacity  of  50  cu.  ft.  of  air  per  min., 
against  50  lb.  pressure;  an  air  receiver,  2  ft.  in  diameter  by  8  ft.  Umg;  air 
piping  to  the  wells;  concrete  suction  well  and  storage  tank;  4-in.  caat-lron 
pil>e  line  between  the  station  and  the  storage  tank  and  the  necessary  yalTes* 
piping  and  appurtenance.s  in  the  station. 

Septic  Tanks. — The  sowage  is  lilted  approximately  20  ft.  through  a  14-in. 
cast-iron  main,  into  the  septic  tanks.  P'our  compartments  are  formed,  by 
reinforce<i-concrete  dividing  walls,  each  being  25  X  100  ft.  In  plan  and  11  ft. 
deep,  and  they  are  covered  by  a  4-in.  flat  reinforced -concrete  roof,  carried  on 
beams  and  piers.  Adjacent  to  the  tanks  is  a  .^mall  uncovered  dosing  chamber 
in  which  is  a  float  operating  a  butterfly  valve  which  automatically  contnds  the 
flow  of  sewage  from  the  septic  tanks  to  the  filters. 

From  the  dosing  chamber  the  sewage  flows,  by  gravity,  through  a  SNMn. 
cast-iron  pipe  line  to  the  sprinkling  filters. 


SEWAGE  TREATMENT  776 

Sprinklino  FiUera. — The  filters  «re  four  in  numbw,  each  bdng  100  X  150  ft. 
in  plan,  and  are  surrounded  by  concrete  waUs  on  all  sides.  Along  botluddev  of 
each  filter  are  covered  galleries,  4  ft.  wide  and  6  ft.  high*  and  into  these 
extend  the  ends  of  the  tile  underdrains.  A  4-in.  cast-iron  water  main  runs  the 
length  of  each  gallery  to  provide  for  flushing. 

The  main  distributors  consist  of  Id-in.  vitrified  pipe  embedded  in  the  walls 
of  the  central  gallery  and  the  lateral  distributors  are  5-in.  vitrified  pipe  carried 
in  the  top  of  small  concrete  walls. 

Five-inch  half-tile,  laid  on  a  4-in.  concrete  floor,  form  the  lateral  coUectors. 
The  main  collectors,  which  are  built  of  concrete,  run  the  length  of  each  filter 
and  empty  into  the  effluent  conduit,  which  is  formed  by  vitrified  pipe  em- 
bedded in  the  walls. 

The  broken-stone  filtering  material,  except  the  upper  6  in.,  was  taken  from 
a  local  quarry  and  was  a  low-grade  limestone,  very  close  grained  and  hard,  but 
liable  to  crumble  when  exposed  directly  to  snow  and  ice.  For  this  reason,  a 
better  grade  of  limestone,  from  Ohio,  was  used  for  the  upper  6  in.  Two  sizes 
of  stone  were  used,  the  larger  being  2H  to  4  in.  and  the  smaller  1  to  2H  In. 
The  average  depth  was  6  ft.  10  in. 

Sealing  Basin. — This  is  an  open  basin,  with  concrete  walls  and  floor,  di- 
vided into  two  parts  for  purposes  of  cleaning.  The  sewage  passes  out  of  the 
basin  over  a  weir  and  flows  by  gravity  through  an  18-in.  vitrifled  pipe,  to  the 
creek.  There  is  a  flap  gate  at  the  end  of  the  pipe  protected  by  a  conciete 
headwall. 

Sludge  Diapoaal. — ^An  area  of  about  one  and  one-half  acres  was  graded  and 
underdralned  to  provide  a  drying  area  for  the  sludge. 

The  sludge  from  the  septic  tanks  flows  to  the  disposal  area  by  gravity 
through  an  18-in.  vitrified  pipe  line.  The  sludge  from  the  settling  basins 
flows  through  a  10-in.  vitrified  pipe,  laid  in  concrete,  to  the  pumping  station 
and  is  pumped  from  there  through  a  6-in.  cast-iron  force  main  to  the  drying 
area. 

Unit  Prices. — In  Table  XII  are  given  the  unit  prices  of  the  principal  items. 

Stone  for  the  concrete  was  taken  from  a  quarry  located  about  1000  ft.  from 
the  plant.  The  sand  was  Ohio  River  sand  and  was  mixed  with  the  crusher 
dust  in  equal  parts. 

Costs. — ^The  costs  of  all  the  structures  are  given  in  Table  XIII.  These 
costs  are  the  total  costs  of  the  work  to  the  Borough  of  Washington  and  not  the 
actual  cost  to  the  contractors.  In  apportioning  the  costs  to  the  different 
structures,  all  pipes,  valves,  etc.,  inside  of  the  outside  neat  lines  of  each  struc- 
ture, were  considered  to  belong  to  that  structure. 

Unit  Costft. — In  Table  XIV  are  given  the  unit  costs  of  some  of  the  structures, 
based  on  their  capacities. 

It  is  estimated  that  the  present  purification  works  will  treat  the  sewage 
from  a  population  of  about  40,000  and  the  per  capita  costs,  in  the  following 
table,  are  based  on  this  figure. , 

Cost  of  Cost  per 

constructiou  capita 

Pumping  station  and  works  preparatory  to  purifi- 
cation plant $20,261  $0. 51 

Purification  plant 70, 677  1 . 76 

Total    purification    works    (exclusive    of    land    and 

engineering) 90.828  2.27 

Total  (including  land  and  engineering) 116,422  2.89 
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Cost  of  Earthwork,  Concrete,  Filter  Media  and  Drains  at  the  Montentma, 
Iowa,  Sewage  Treatment  Plant. — The  following  data  are  given  in  Municipal 
Journal  and  Public  Works,  Oct.  18,  1919. 

The  town  contains  a  population  of  about  1,500  and  the  plant  was  designed 
for  2,000,  assumed  as  the  population  twenty-five  years  hence.  The  plant 
consists  of  an  Imhoff  tank,  siphon  chamber,  two  intermittent  sand  filters  and  a 
sludge  bed. 

The  tank  is  of  the  circular  type,  with  an  area  of  gas  vent  23.6  per  oent  ci  the 
whole  superficial  area  of  the  tank.  This  is  a  larger  area  than  is  found  in 
most  plants,  but  in  view  of  the  trouble  that  has  been  caused  by  too  small  venti 
and  the  extreme  freshness  of  the  sewage,  liberal  allowance  for  both  scum  and 
sludge  were  thought  desirable. 

The  sludge  storage  capacity  up  to  within  three  inches  of  the  bottom  of  the 
inverted  V  beam  forming  the  overlap  for  the  vents  is  about  1.67  cubic  feet  pw 
capita  on  a  basis  of  2,000  future  population,  and  up  to  the  slots  is  about 
1.88  cubic  feet  per  capita. 

On  the  basis  of  100  gallons  per  capita  per  day  (which  allows  for  groumd  watw 
infiltration)  with  uniform  fiow  throughout  the  24  hours,  the  settlincr  period  In 
the  tank  would  be  2.42  hours  while  1200  population  is  connected  with  the 
sewers,  and  1.45  hours  when  2,000  are  connected;  while  if  all  the  sewage  be 
assumed  to  reach  the  plant  in  18  hours,  the  settling  period  would  be  1.82  hours 
and  1.09  hours  respectively. 

One  important  and  rather  new  feature  provided  in  this  tank,  is  an  8  in. 
drain  just  below  the  sludge  outlet.  The  flow  line  of  this  drain  is  such  that  the 
sewage  may  readily  be  drawn  below  the  slots  in  case  it  becomes  neoessaiy  to 
work  upon  the  walls  of  the  settling  chamber.  It  has  been  found  In  actual 
operation  of  Imhoff  tanks  in  towns  of  the  size  of  Montezuma,  that  not  Infte* 
quently  the  sedimentation  chamber  it-  allowed  to  become  completely  sludged 
up  and  thus  transformed  into  a  small  septic  tank.  In  order  to  clean  out  the 
sedimentation  chamber,  it  has  been  found  necessary  to  lower  the  sewage 
below  the  slots  and  then  force  the  sludge  down  through  the  slots,  carefully 
squegeeing  the  walls  and  sloping  aprons. 

Prof.  Dunlap  of  Iowa  State  University  (the  designer  of  the  plant)  gives  the 
cost  of  the  plant  on  the  basis  of  $4.00  for  labor  per  day  of  ten' hours  until  late 
fall,  after  which  the  same  was  paid  for  eight  hours;  and  teams  at  $7.00  per  day 
of  the  same  length.  Ttie  length  of  Haul  from  the  railroad  siding  to  the  pilant 
was  1.3  miles,  over  a  fair  road  with  no  upgrades.  Superintendence,  overiiewl 
and  profit  are  not  included. 

Eaktu  Work 

Elstimated    Coat  per 
Type  ou.  yds.        ou.  yd. 

Filter  beds Slip  work 1060  10.47 

Siphon  chamber >2  slip  and  ^i  hand 187  0.78 

IrahoiT  tank Hand  before  banks  caved 408  0.82 

Imhoff  tank After  cave-ins  with  bracing 408  2.70 

Sodding  bermu  of  filter  beds,  $0.20)-^  per  sq.  yd. 
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Cost  of  1:2:4  Concbste,  per  Cubic  Yard    . 

In  Siphon 
Chamber 
IseludeB 
only  wiJls 
lu  and  foot- 

Cylindrical      ings;  roof 
Walls  of         and  floor 
Imhoff  Tank       omitted 
Cement,  at  6.4  sacks  per  cu.  yd.  f.  o.  b.  Montesuma 

($2.28  per  bbl.) $8.65  $3.65 

Hauling  by  team — ^to  bam,  8>^c.,  to  job,  9c 0. 18  0. 18 

Sand,  0.45  cu.  yd.  at  $2.65 1. 19  1. 19 

Gravel,  0.90  cu.  yd.  at  $3.59 3.23  3.23 

Steel  reinforcement 1 .49  1 .  59 

Setting  forms  and  reinforcement 2. 93  2. 18 

Mixing  and  pouring;  heating  sand,  gravel  and  water .  1 .  98  1 .  65 

Total  cost  per  cubic  yard  in  place $14.65  $18.67 

Cost  of.  Filter  Sand  and  Gravel,  per  Ton 

Filter  FUter 

sand  gravel 

Cost  f.  o.  b.  sand  company $0. 35  $1. 25 

Freight , 0.90  0.90 

Unloading  from  cars  (mostly  box  cars) 0.068  0.005 

Hauling  by  team  1.3  miles 0.30  0.39 

Unloading  from  wagons 0. 022  0. 022 

Leveling  and  spreading 0. 131  .... 

Total  cost  per  ton  in  place $1 .86  $2. 66 

Total  cost  per  cu.  yd $2.78  $3.59 

Total  amount  required  for  two  beds 1390  cu.  yd.  194  eu.  yd. 

Total  required  for  sludge  bed '  21  eu.  yd.  32  <m.  yd. 

Cost  of  6  In.  Vitrified  Farm  Drain  Tile  in  Filter  Beds 

Cost  of  tile  per  ft.  f.  o.  b.  Montesuma $0. (K 

Hauling  by  team  1.3  miles 0 .  005 

Trenching 0. 039 

Lajring 0.01 

GraveUng  at  $2.66  per  ton  and  spreading  at  $0.04  per  ft 0. 44 

Total  cost  per  ft.  of  trench $0. 574 

Latino  15-in.  Vitrified  Pipe  Sewer  Main,   1425  Ft.  in  Length 

Cost  of  pipe  per  ft.  f.  o.  b.  Montezuma $0. 65 

Hauling  by  team  1.3  miles 0. 033 

Trenching,  including  back-filling 0. 376 

Laj^ng,  including  mortar 0. 077 


Total  cost  per  ft.  of  trench $1 .  14 

Cost  of  taking  up  old  15-in.  sewer  and  back-filling  per  ft $0,246 

Cost  Estimates  for  Intercepting  Sewer  and  Treatment  Plant  at  Detroit, 
Mich. — Engineering  and  Contracting,  July  9,   1919,  gives  the  following: 

Extensive  studies  of  costs  and  methods  d  treatment  of  Detroit  sewage 
have  been  made  in  connection  with  the  recent  Report  of  the  Consulting 
Sanitary  Engineer  on  the  Pollution  of  Boundary  Waters.  One  project  rec- 
ommended the  immediate  construction  of  two  low  level  intercepting  sewers 
discharging  through  pumps  to  two  separate  treatment  plants. 

The  treatment  plant  consists  of  Imhoff  tanks,  including  inflowing  and 
outflowing  channels;  grit  (^uunbers;  sludge  drying  beds;  disinfection  plant. 

Imhoff  tanks  were  proportioned  on  the  basis  of  a  sedimentation  period  of 
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required.  Now  enter  Fig.  2  at  the  ordinate  for,  say,  700  cu.  ft.  of  free  air  per 
minute  and  note  where  it  strilces  the  line  for  5  lb.  per  sq.  in.,  the  alMdMS 
at  this  point  reading  2.4  kw.,  of  power  per  100  cu.  ft.  of  free  air  per  minute. 
Again  using  Fig.  3,  note  where  the  ordinate  for  2.4  kw.  per  100  cu.  ft.  air  pw 
minute  strikes  the  radiating  solid  line  for  1  cu.  ft.  air  to  1  gal.  liquid.  The 
abscissa  at  this  point  reads  400  kw.-hr.  per  million  gallons  of  sewage  treated. 
Reading  upward  along  this  abscissa,  note  where  it  strikes  the  radiating  dotted 
line  for  Tj^c.  per  kw.-hr.  The  ordinate  at  this  point,  toward  the  right-hand 
margin,  reads  $3.50  cost  of  power  per  million  gallons  of  sewage  tzeated.  wfaidi 
is  the  result  dedred. 

In  the  example  gi\'en  above,  no  recognition  has  been  taken  of  the  fluctuatkn 
of  sewage  flow  as  it  reaches  the  plant.  To  apply  to  each  gallcm  at  sewage  Iti 
proper  volume  of  air,  a  detention  chamber  can  be  utilized  so  that  the  law 
sewage  may  be  pas9e<l  into  the  agitation  compartment  of  the  activated-eludge 
tank  at  a  uniform  rate:  or  the  capacity  of  the  air-blower  units  can  be  figured 
upon  the  maximum  or  peak  flows  with  the  idea  that  separate  unlia  are  to  be 
shut  dov^-n.  one  by  one,  as  the  sewage  flow  decreases. 

Comparative  Cost  of  Construction  and  Operation  of  ActiTated  Sludge  aad 
Imhoff  Tank -Trickling  Filtering  Processes  of  Sewage  Treatment. — An  inte^ 
esting  ci^mparison  between  Imhoff  trickling  filter  and  activated  sludge  methocli 
of  sewage  treatment  was  given  by  Harrison  P.  fkldy  of  Metcalf  A  Eddy,  Coik- 
sulting  Engineers,  in  a  paper  prevented  before  the  Western  Society  of 
Engineers.  The  discussion  was  based  on  studies  of  treatment  plants  deigned 
to  fultill  the  !;aine  conditions.  The  figures  for  the  trickling  filter  plant  wen 
baseii  on  the  design  and  cost  of  the  plant  at  Fitchburg,  Mass.,  with  such  modi- 
fications as  were  necessar>*  to  reduce  the  costs  to  units  suitable  for  oompaiiaML 
The  design  of  the  act iva toil  sludge  plant  was  based  upon  experienoe  gained 
from  several  experimental  installations  operated  by  Mr.  Eddy  during  the  put 
year  and  f n.>m  dat a  from  M ilwaukee  and  other  reports.  The  average  qiuDtlty 
of  sewage  was  assumeil  to  be  100  gal.  ivr  capita  per  day.  equivalent  to  BJSOOJfUOO 
gal.  per  24  hours,  and  the  detention  period  in  Imhcrff  and  humus  taaki 
was  ba.^\i  upon  a  daytime  flow  of  125  per  cent  on  the  average.  The  Fttdh 
buT^.  Mass..  plant  has  btvn  in  sutvessful  operation  since  October.  1914.  The 
:«trv:oti:r,il  foa!u:^>s  of  this  plant  wor^  vorj*  fully  described  in  the  June  25, 19Ui 
iss::o  v^f  F:v«:'.:;rtr::ii:  and  Oontnictiiig.  The  only  material modlflcatioo madB 
i\\  iV.c  lltoVib'.iT;:  dt^ign  to  aid  in  Mr.  Eddy's  comparison  was  to  Increase  tte 
s:.-t  s  of  iho  trioklin?  filtor^  and  diViing  tanks  to  ser\'e  a  population  of  5ft,000 
instoai*.  of  40.0iXi  ivrs^ms.  Mr.  Eddy's  pai>er  is  printed  in  the 
.lournal  v^f  the  Western  SixMety  of  Engineers,  fwm  which  the  f<dlowli^ 
Isgtvtr. i:i  Er^imxrim: and  Oontraoti:ic.  Ktb.  14.  1917. 

The  yhwA  for  ihe  aotiv.tit\i  sliiv!^'  ;^rvVY?*s  was  designed  as  far  lapnsslliinfn 
me«'t  the  same  i\^nditio:is  us  :hose  for  ^»  V.-.oh  the  trickling  flli«r  plant  waaboBt 
The  sa:r.e  typ«^  v^f  sir::otu:\\<  h:ks  Nvn  us«v.  v^heiv  applicable,  and  an  efllort 
t^-^&s  :r.ade  in  evory  w  ay  io  :v.ako  the  two  plants  strictly  ri^mparahle.  bothbAf 
de&ign«Hl  to  i^^rvo  .'v'viHH^  ^vrs^^ns. 

The  grit  oha::iN'r.  SL'rtv:;s  ar..:  \er.i;:r:  r.-.eter  et^uipment  aie  iochidM  vitt- 
oi:t  o^.a^4^'  i:^.  tV.e  ao:-.\att\*.  s'.-.:vlct^  plant.  tV.e  rt\;;::n^ments  being  thasiBWii 
eaoh  v\k^. 

rv.e  :^'^x  :u^'  ac^ratior.  t.ir.'!vs  \%(  :>^  «it  slcRtv.  :o  o;>erate  on  the  canttanioiwflsff 
V'. a::  .  r V.t*  t  a n'KS  w  vrt-  ?t v:  .t :**j: -'. -i r  -.n  ;'".,i n  i  .•*■  V.  -.ir.-.t  being  30  ft,  vide  fajf  90lt 
:o:vc  •.::>i»io.  of  a  ty;v  >-."■.:...?  to  tV.e  I : v.V.o'T  *t.ir.s«  m  the  irtckUi^ filler plHfc 
\.\^:;.p:\\<A>l  air  was  survl:t\i  to  :ho  lar.k^  tV.ro;;g!'.  a  piping  aysMm  laadl^loft 
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ed  to  measure  the  quantity  of  air  supplied  to  the  sewage  aeration 

the  other  the  air  supplied  to  the  sludge  aeralioo  tanks.     In  a  large 

,y  be  advisable  to  install  additional  meters  to  measure  the  quantity 

lied  to  air  lifts,  but  in  the  comparison  no  allawance  was  mode  for 

ig  will  be  required  to  house  the  several  air  compressor  units  amount- 
particular  case,  to  aix  large  poattive  pressure  blower  utUts  and  two 
rocating  units  for  opeiatinR  the  air  lifts.  This  building  may  also 
>It  washer,  air  meters,  transformers  and  other  equipment, 
nates  included  sU  sedimentation  tanks.  Kach  was  of  the  vertical 
ytindrical  in  form  with  inverted  conical  hopper  bottom  terminating 
ell  4  ft.  In  diameter,  similar  to  the  tanks  at  Milwaukee.  The  tanks 
ir  sedimentation  for  a  period  of  H  hour,  on  the  conlinuouB  How 
pace  tor  sludge  amountlOE  to  25  per  cent  of  the  total  tank  capacity. 
Bpth  of  water  and  sludge,  fn  the  centra]  well,  was  B5  ft.  The  tonka 
:ee  were  constructed  with  hopper  bottoms  on  a  slope  of  1  to  1.  but 
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required.  Now  enter  Fig.  2  at  the  ordinate  for,  say,  700  cu.  ft.  of  free  air  per 
minute  and  note  where  it  strilces  the  line  for  5  lb.  per  sq.  in.,  the  absciasa 
at  this  point  reading  2.4  kw.,  of  power  per  lOOcu.  ft.  of  free  air  i>er  minute. 
Again  using  Fig.  3,  note  where  the  ordinate  for  2.4  kw.  -per  100  cu.  ft.  air  per 
minute  strikes  the  radiating  solid  line  for  1  cu.  ft.  air  to  1  gal.  liquid.  The 
abscissa  at  this  point  reads  400  kw.-hr.  i)er  million  gallons  of  sewage  treated. 
Reading  upward  along  this  abscissa,  note  where  it  strikes  the  radiating  dotted 
line  for  "He.  per  kw.-hr.  The  ordinate  at  tfaJs  point,  toward  the  right-hand 
margin,  reads  $3.50  cost  of  power  per  million  gallons  of  sewage  treated,  which 
is  the  result  desired. 

In  the  example  given  above,  no  recognition  has  been  taken  of  the  fluctuati<m 
of  sewage  flow  as  it  reaches  the  plant.  To  apply  to  each  gallon  of  sewage  its 
proper  volume  of  air,  a  detention  chamber  can  be  utilized  so  that  the  raw 
sewage  may  be  passed  into  the  agitation  compartment  of  the  activated-sludge 
tank  at  a  uniform  rate;  or  the  capacity  of  the  air-blower  imits  can  be  figured 
upon  the  maximum  or  peak  flows  with  the  idea  that  separate  uniis  are  to  be 
shut  down,  one  by  one,  as  the  sewage  flow  decreases. 

Comparative  Cost  of  Construction  and  Operation  of  Activated  Sludge  and 
Imhoff  Tank-Trickling  Filtering  Processes  of  Sewage  Treatment. — ^An  inter- 
esting comparison  between  Imhoff  trickling  fllter  and  activated  sludge  methods 
of  sewage  treatment  was  given  by  Harrison  P.  Eddy  of  Metcalf  &  Ekidy,  Coor 
suiting  Engineers,  in  a  paper  presented  before  the  Western  Society  of 
Engineers.  The  discussion  was  based  on  studies  of  treatment  plants  designed 
to  fulfill  the  same  conditions.  The  figures  for  the  trickling  filter  plant  were 
based  on  the  design  and  cost  of  the  plant  at  Fitchburg,  Mass.,  with  such  modi- 
fications as  were  necessary  to  reduce  the  costs  to  units  suitable  for  oompariscHi. 
The  design  of  the  activated  sludge  plant  was  based  upon  experience  gained 
from  several  experimental  installations  operated  by  Mr.  Eddy  during  the  past 
year  and  from  data  from  Milwaukee  and  other  reports.  The  average  quantity 
of  sewage  was  assumed  to  be  100  gal.  per  capita  per  day,  equivident  to  5,600,000 
gal.  -per  24  hours,  and  the  detention  i)eriod  in  Imhoff  uid  humus  tanks 
was  based  upon  a  daytime  fiow  of  125  per  cent  on  the  average.  The  Fitch- 
burg, Mass.,  plant  has  been  in  successful  operation  since  October,  1914.  The 
structural  features  of  this  plant  were  very  fully  described  in  the  June  25, 1913, 
issue  of  Engineering  and  Contracting.  The  only  material  modification  made 
in  the  Fitchburg  design  to  aid  in  Mr.  Eddy's  comparison  was  to  increase  the 
sizes  of  the  trickling  filters  and  dosing  tanks  to  serve  a  population  of  55,000 
instead  of  40,000  persons.  Mr.  Eddy's  paper  is  printed  in  the  December 
Journal  of  the  Western  Society  of  Engineers,  from  which  the  following  matter 
is  given  in  Engineering  and  Contracting,  Feb.  14, 1917. 

The  plant  for  the  activated  sludge  process  was  designed  as  far  asiKMsible  to 
meet  the  same  conditions  as  those  for  which  the  trickling  filter  plant  was  buUt. 
The  same  type  of  structures  has  been  used  where  applicable,  and  an  effort 
was  made  in  every  way  to  make  the  two  plants  strictly  comparable,  both  being 
designed  to  serve  55,000  persons. 

The  grit  chamber,  screens  and  venturi  meter  equipment  are  included  with- 
out change  in  the  activated  sludge  plant,  the  requirements  being  the  sune  In 
each  case. 

The  Mi'wage  aeration  tanks  were  designed  to  operate  on  the  contlDUOUS  flow 
I)lan.  Tlie  tanks  were  rectangular  in  plan,  each  unit  being  80  ft.  wide  by  90  ft. 
long  in.^ide,  of  a  tyi)e  similar  to  the  Imhoff  tanks  in  the  trickling  fllter  plant. 
Compressed  air  was  supplied  to  the  tanks  through  a  piping  system  ^****^*!Hf  to  ft 
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series  of  filtros  blocks  located  in  the  bottom  of  the  tank.  Eadi  tank  unit  was 
divided  by  means  of  thin  partition  walls  into  four  longitudinal  channels  7  ft. 
2  in.  wide.  Provision  was  made  for  a  depth  of  10  ft.  of  liquid  above  the  top 
of  the  filtros  bloclcs.  It  was  intended  to  operate  two  tank  units  in  series  and 
five  double  tank  units  in  parallel;  that  is,  the  sewage  will  enter  one  tank,  pass 
longitudinally  back  and  forth  through  the  four  channels  in  that  tank,  then 
to  the  second  tank  and  back  and  forth  longitudinally  through  the  four  channels 
3f  that  tank  to  the  point  of  discharge,  making  a  total  distance  traveled  of 
]kbout  700  ft.  Sufficient  tank  capacity  was  provided  for  an  average  period  of 
leration  of  4K  hours,  with  sludge  capacity  amounting  to  25  per  cent  of  the 
.otal  tank  capacity.  Under  these  conditions  the  average  horizontal  velocity 
vould  be  about  2.6  ft.  per  minute.  The  ratio,  of  .total  tank  floor  surface  to 
irea  of  aerating  system  was  8.5  to  1,  which  is  the  basis  of  the  present  Milwau- 
:ee  tanks.  The  indications  are,  however,  that  this  ratio  should  be  reduced  so 
.s  to  provide  a  somewhat  larger  area  for  air  diffusion. 

For  the  purpose  of  aeration  and  agitation  it  was  assumed  that  the  volume 
f  air  to  be  supplied  will  average  1.75  cu.  ft.  per  gallon  of  sewage  treated. 

The  quantity  of  air  required  to  aerate  the  average  quantity  of  sewage  at 
he  rate  of  1.75  cu.  ft.  per  gallon  treated,  will  be  6.680  cu.  ft.  per  minute.  An 
icrease  in  rate  of  sewage  flow  to  150  per  cent  of  the  average  will  frequently 
ccur  and  the  air  compressing  plant  must  be  able  at  all  times  to  meet  this 
^quirement.  In  addition,  provision  must  be  made  for  emergencies  of  various 
inds.  For  this  service  four  imits  of  electric  motor-driven,  positive  pressure 
lowers,  were  provided,  each  capable  of  furnishing  about  3,200  cu.  ft.  of  free 
ir  per  minute  at  a  pressure  of  about  5  lb.  i>er  square  inch.  The  motors  must 
3  of  the  variable  speed  type,  in  order  that  the  quantity  of  air  may  be  varied 
xM)rding  to  the  requirements.  Two  additional  blowers  of  the  same  type  and 
ze  were  provided  to  furnish  air  for  the  sludge  aeration  tanks. 
On  account  of  the  small  pores  in  the  diffusing  system,  whether  filtros  blocks, 
ooden  blocks  or  other  means  are  employed,  it  is  essential  that  the  air  fur- 
shed  shall  be  clean;  that  is,  free  from  dust,  oil  or  other  foreign  substances, 
ae  of  the  best  methods  of  obtaining  clean  air  is  to  pass  it  through  an  air 
isher  before  going  to  the  compressor.  Such  apparatus  is  a  standard  com- 
ercial  product  and  operates  satisfactorily. 

The  estimates  provided  tor  two  air  flow  meters  of  the  General  Electric  Co. 
pe,  similar  to  those  in  use  at  the  Milwaukee  plant.  One  of  these  meters 
LS  intended  to  measure  the  quantity  of  air  supplied  to  the  sewage  aeration 
aks,  and  the  other  the  air  supplied  to  the  sludge  aeration  tanks.  In  a  large 
int  it  may  be  advisable  to  install  additional  meters  to  measure  the  quantity 
air  supplied  to  air  lifts,  but  in  the  comparison  no  allowance  was  made  for 
:;h  additional  apparatus. 

A.  building  will  be  required  to  house  the  several  air  compressor  units  amount- 
:,  in  this  particular  case,  to  six  large  positive  pressure  blower  units  and  two 
all  reciprocating  units  for  operating  the  air  lifts.  This  building  may  also 
jse  the  air  washer,  air  meters,  transformers  and  other  equipment. 
The  estimates  included  six  sedimentation  tanks.  Each  was  of  the  vertical 
V  type,  cylindrical  in  form  with  inverted  conical  hopper  bottom  terminating 
%  deep  well  4  ft.  in  diameter,  similar  to  the  tanks  at  Milwaukee.  The  tanks 
•vided  for  sedimentation  for  a  i)eriod  of  H  hour,  on  the  continuous  flow 
n,  with  space  for  sludge  amounting  to  25  per  cent  of  the  total  tank  capacity, 
s  total  depth  of  water  and  sludge,  fii  the  central  well,  was  35  ft.  The  tanks 
Milwaukee  were  constructed  with  hopper  bottoms  on  a  slope  of  1  to  1,  but 
50 
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experience  has  proven  that  steeper  slopes  are  necessary  if  the  sludge  is  to  slide 
easily  into  the  central  well.  These  tanks  were  so  designed  that  the  sewage 
and  sludge  will  enter  the  tank  at  the  center,  flow  downward  and  under  the 
edge  of  the  distributing  cylinder,  thence  upward  and  out  through  collecting 
weirs  arranged  around  the  circumference  of  the  tank.  Each  of  the  central 
sludge  wells  will  be  provided  with  an  air  lift  to  raise  the  sludge  from  the  sedi- 
mentation tanks  to  the  sludge  aeration  tanks,  or  into  the  influent  of  the  sewage 
aeration  tanks. 

Two  imits  of  sludge  aeration  tanks  were  provided  of  a  type  similar  to  the 
sewage  aeration  tanks,  but  differing  in  that  the  partition  walls  were  made 
heavy  enough  to  withstand  water  pressure,  thereby  making  each  channel 
a  separate  sub-unit.  The  general  dimensions  of  channels  were  the  same  as  in 
the  sewage  aeration  tanks;  that  is,  7  ft.  2  in.  wide  and  90  ft.  long,  provision 
being  made  for  a  depth  of  10  ft.  The  total  capacity  of  sludge  aeration  tanks 
provided  is  328,000  gal.  which  is  equivalent  to  0.8  cu.  ft.  per  capita,  or  about 
60,000  gal.  per  million  gallons  of  operating  capacity. 

It  was  planned  to  provide  one  air  lift  in  a  well  to  serve  the  eight  sub-units 
of  sludge  aeration  tanks,  and  a  similar  lift  for  each  of  the  sedimentation  tanks. 

It  was  estimated  that  the  activated  sludge  process  will  produce  about  4,500 
gal.  of  sludge  per  million  gallons  of  sewage.  Doubtless  this  quantity  will 
vary  considerably  under  different  conditions.  It  is  largely  dependent  upon 
the  proportion  of  water  contained  in  the  sludge.  For  the  average  quantity  of 
sewage  for  which  this  plant  was  designed,  5,500,000  gal.  per  24  hours,  the 
quantity  of  sludge  produced  daily  will  be  24,750  gal.  For  the  purposes  of 
this  comparison  it  was  assumed  that  the  sludge  will  be  dried  on  sand  drying 
beds  from  which  it  can  be  removed  to  a  dump. 

It  is  recognized  that  important  experimental  work  is  being  done  to  develop 
suitable  dewatering  and  drying  processes  that  will  make  it  economically  pos- 
sible to  dry  the  sludge  to  10  per  cent  moisture  and  thus  make  it  saleable  as  a 
low-grade  fertilizer  or  as  fertilizer  base. 

For  the  purpose  of  estimates  it  was  assumed  that  the  sludge  drying  beds 
can  be  dosed  an  average  of  15  times  per  year  to  a  depth  of  12  in.,  thus  requiring 
a  total  net  area  of  sludge  beds  of  80,500  sq.  ft.  To  this  should  be  added  a 
sufficient  area  to  care  for  sludge  during  the  winter  months  (Dea  15  to  March 
15)  and  to  allow  for  drawing  of  water  collecting  on*  the  surface  of  the  sludge. 
To  provide  for  these  contingencies  the  area  should  be  increased  60  per  cent  to 
120,750  sq.  ft.,  equivalent  to  2.76  acres  net  area,  or  2.2  sq.  ft.  per  capita.  If 
sludge  bed  units  of  the  same  size  and  type  as  those  for  the  trickling  filter  plant, 
are  used,  there  will  be  required  77  such  units,  or  about  7  times  the  area  required 
for  the  trickling  filter  process.  These  sludge  beds  were  suitably  underdrained 
and  provided  with  a  system  of  narrow  gage  tracks  and  cars  for  removing  the 
sludge  to  the  sludge  dump  whence  it  can  be  carried  to  a  i>oint  of  disposal. 

Cost  of  Constrtuition. — The  cost  of  the  trickling  filter  plant  was  based  on  the 
unit  costs  of  construction  of  the  trickling  filter  plant  at  Fitchbuiig,  Mass., 
which  was  built  by  contract,  bids  being  received  in  May,  1913.  Cost  figures 
obtained  in  this  way  are  more  nearly  representative  of  normal  conditions  than 
if  based  on  the  high  cost  of  construction  prevailing  at  the  present  time.  As 
far  as  possible  the  same  unit  costs  of  construction  have  been  implied  to  ths 
estimates  of  the  activated  sludge  plant,  that  the  two  estimates  xnij  be 
comparable. 

The  estimated,  cost  of  the  trickling  filter  plant  is  given  in  Table  XV.  In 
addition  to  the  main  features,  a  number  of  items  are  included  ¥^iioh  go  to  make 
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ition  to  the  features  already  described,  It  will  be  noted  tbat  several  Itenu 
>een  included  to  make  the  plant  complete.  As  stated  in  the  cage  ot  tile 
ag  filter  plant,  the  Item  of  (25,000  for  land  includes  about  117  acres.  It 
ot  ultimately  prove  necessary  to  isolate  the  activated  sludge  plant.  In 

case  a  credit  in  favor  of  this  plant  should  be  made  on  account  of  tbe 
irea  of  land  required.     In  this  case,  as  in  the  other,  IS  per  cent  has  been 

to  cover  tbe  coat  ot  administration  and  engineering  charges.  It  will 
1  that  the  total  cost  of  the  activated  sludge  plant  Is  1313,880.  which  lor  a 
,tionof  55,000  persons  is  equivalent  to  15,71  per  capita,  and  *5r,100  per 
[  gallons  per  day. 

of  Operation. — An  estimate  has  been  made  of  the  cost  of  operation  of 
-Ming  filter  plant,  based  principally  on  tbe  experience  at  Fitchburg,  tor 
ira  1016  and  lOlB.  From  datatuml=hed  by  David  A.  HartweU,  Chief 
ter,  deductions  have  been  made  for  certain  expenditures  pertaining  to 
ictloD  rather  than  operation.  The  Items  for  191S  (with  estimates  tor 
ibec.  the  last  month  of  the  fiscal  year)  are  shown  In  Table  XVII,  from 
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Table  XVI. — Estxmatzd  Cost  of  Activated  Sludgk  Pulxt 

Co«  exd.  Unit  cost.   exd. 

eD«'g  and  eac's  ^nd 

admiiiifr-  administratioo 

t  ration.  Per  Per 

Total  capita  M.  G.  D. 

Grit  chamber  and  Bcreen $10,000  SO.  IS  $1,818 

\>iitun  meter  and  chamber 3 .  000  .  05  546 

Kewace  aeration  tanks 78.100  1.42  14.200 

Kludge  aeration  tanks,  incl.  air  lifts 17.500  .32  3. 180 

Sedimentation  tanks,  incl.  air  lifts 8.300  .  15  1 ,510 

Air  compressing  equipment 22.600  .41  4.110 

Air  meters— 2 700  .01  127 

Air  washei— 1 600  .01  109 

Powerhouse 29.700  .54  5.400 

Hludge  br^ls^  incl.  underdrains 31 .400  .57  5.710 

Conduits,  pipe  lim^  and  overflow 10.000  .  18  1 .818 

Effluent  drain 1.300  .02  238 

Roadways 8.300  .15  1,510 

I^aboratory  building  and  equipment 15.200  .28  2.780 

Grounds,  trees,  planting,  etc 1 .700  .08  300 

Miscellaneous  work,  4  %  of  total,  excl.  land. . .  .          9.540  .17  1.735 

Land 25.000  .45  4.540 

Total $272,940       $4.94     $49,618 

Add  15  %  for  eng'g  and  administration 40.940  .77         7,482 

Grand  total $313,880       $5.71     $57,100 

For  /i.'>,(KK)  persons  =  $5.71  per  capita. 

For  r,,ri(X),(XX)  gal.  per  day  =  $57,100  per  m.  g.  d. 

TaBLK  XVII, ESTIlfATED  ANNUAL  C08T  OF  OPSRATION  OF  FlTCHBUSQ,  MaBS., 

IifiiOFF  Tank-Trickung  Filter  Plant  for  the  Ybar  1916 

General,  including  administration $  1 ,800 

Laboratory 1 ,  700 

(irit  chamber 900 

ImhofT  tanks 1,700 

Trickling  filters 1 ,  100 

Secondary  tanks 900 

Sludge  beds 800 

Care  of  grounds 1 ,250 

Miscellaneous •  1 ,  100 

Total $11,250 

3  m.  g.  d.  -  1,096  m.  g.  treated  =  $10.28  per  m.  g. 
32, /KX)  persons  »  $0.35  per  capita. 

which  it  appears  that  the  total  co&t  of  operation  has  been  $11,260,  wfateh  Is 
eriuivalent  to  $10.28  i>er  niillion  gallons  treated,  averaging  3,000,000  gaL 
daily,  or  35  ct.  i)er  capita,  on  a  basis  of  32,500  persons  actually  connected.  The 
total  population  In  1915  was  about  39,656.  ' 

Similar  flgun^s  for  the  Gloversville  trickling  filter  plant  show  tbefoUowliig 
costs  of  ofieration  per  million  gallons  of  sewage  treated : 

Annual  coAt  of  operation— > 

Per  M.  G.  treated  Per  eapita 

1013 $5.16  $0.24 

HMl 5.92  .27 

lUlT) 5.72  .26 

It  should  be  stated  here  that  these  exi>enditures  are  limited  to  tbe  bansl 
necesHitles.  No  chemical  sui>ervision  nor  other  refinements  whkdi  can  be 
avoided,  are  included. 

The  estimate  of  annual  operation  cost  of  the  hypothetical  Imboff  taok- 
trlcJcling  filter  plant  to  serve  a  i>opulation  of  55,000  is  given  In  Table  XVUI. 
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Tablb  XYIII. — ^EsniiATBD  Annual  Cost  of  Opbbatxon  of  TmcAi»  Iifxciv 

Tank-Trickling  Filtsb  Plant 

General,  including  administration $  2,200 

Laboratory 1 ,700 

Grit  chamber 1 ,650 

Imhoff  tanks 3,120 

Trickling  filters 2,020 

Secondary  tanks 1 ,  650 

Sludge  beds 1 ,470 

Care  of  grounds , 1 ,  250 

Miscellaneous •.  2 ,  020 

Total $17,080 

5.5  g.  d.  =  2,005  m.  g.  treated  ^  $8.50  per  m.  g. 
55,000  persons  »=  $0.31  per  capita. 

Tablb  XIX. — Estimatbd  Annual  Cost  of  Opkbation  of  Typical  AcnvATSD 

Sludqb  Plant 
Item  Afmual  cost 

General,  including  administration $  2,200 

Laboratory 1 ,700 

Grit  chamber 1 ,650 

Tank  Treatment — 

1  engineer  foreman  at  $4  per  8-hr.  day,  312  dasrs $1 ,248 

3  engineers  at  $4 3 ,  744 

4  laborers  at  $2.50 8, 120 

Repairs 1,278      0,890 

Sludge  Drawing  and  Disposal 
Foreman  part  time $    875 

2  laborers  at  $2.50,  312  days  each 1 ,560 

1  team  at  $6,  312  days 1 ,872 

Supplies  and  repairs 608      4,410 

i^lectrio  power  at  Ic  per  kw.  h 17 ,  040 

!Jare  of  grounds 1 ,  250 

Vliscellaneo\is 2 ,  500 

Total $40,140 

5. 5  m.  g.  d.  =  2,005  m.  g.  treated  =  $20.00  per  m.  g. 
55,000  persons  ««  $0.73  per  capita. 

The  estimated  annual  cost  of  operation  of  the  activated  sludge  plant  is 
hown  in  Table  XIX.  Nearly  half  of  the  annual  operating  cost  is  for  electric 
•ower,  required  for  compressing  the  air.  It  was  estimated  that  in  addition 
0  the  air  required  for  sewage  aeration  one-fifth  as  much  would  be  required  for 
ludge  re-aeration  and  for  operating  the  air-lift  pumps.  The  total  annual 
ost  of  operation  amounts  to  $40,140,  which  is  equivalent  to  $20  per  million 
allons  treated,  or  73  ct.  per  capita,  based  on  55,000  persons. 

The  item  for  power  is  estimated  on  the  assumption  that  it  can  be  obtained  at 
ct.  per  kw.  h.  For  many  places  this  is  a  low  price,  while  for  others  it  is  high, 
urely  it  is  low  enough  for  use  in  computing  the  cost  of  power  in  most  places 
pon  a  project  which  is  to  be  operated  for  a  generation  in  the  future. 

Comparison  of  Costs. — For  the  final  comparison  of  costs  the  interest  and 
epreciation  have  been  computed  for  both  plants,  and  the  total  annual  cost, 
lade  up  of  operating  expenses  and  interest  and  depreciation,  has  been  capital- 
ed  at  4  per  cent  and  added  to  the  construction  cost  (Table  XX).    The  result 

decidedly  in  favor  of  the  Imhoff  tank-trickling  filter  plant,  in  spite  of  the 
4St  that  the  estimates  of  operation  of  the  activated  sludge  plant  have  been 
9pi  low,  probably  lower  than  is  Justified,  that  there  might  be  no  danger  of 
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Inflating  this  cost  to  the  disadvantage  of  the  new  process.  To  eliminate  this 
difference  it  will  be  necessary  to  decrease  the  operating  expenses  of  the 
activated  sludge  treatment  by  about  $11,000,  or  to  decrease  them  a  portion  of 
this  amoimt  and  in  addition  thereto  to  decrease  the  construction  cost 
materially. 

Table    XX. — Compabison    op    Costs  of  Imhopp  Tank-Tbicklinq  Filtbb 

Plant  and  Activated  Sludge  Plant 

Trickling  Activated 

filter  sludge 

Item                                                                                        plant  plant 

Operating  expenses $       17 , 080  $     40, 140 

Interest  and  depreciation* 26 , 760  19 ,780 

Total  annual  cost  of  treatment $      43.480  $       50,920 

Total  annual  cost  of  operation  per  m..  ^ 21 .  84  29 .  85 

Total  annual  cost  of  operation  per  capita 0.80  1.09 

Expenses  capitalized  at  4  % $1 ,096,000  $1 .498,000 

Construction  cost ; 431,710  313,880 

Total $1,527,710     $1,811,880 

Difference 284, 170 

•Interest  at  4  % — Depreciation — Sinking  fund  at  2H   %. 

A  reduction  in  the  price  of  power  from  1  ct.  to  0.6  ct.  per  kw.  h.,  the  price 
at  which  it  is  estimated  power  can  be  purchased  at  Milwaukee,  would  effect  an 
annual  saving  of  $6,816.  For  a  plant  only  large  enough  for  55.000  persons  it  is 
doubtful  if  power  below  1  ct.  per  kw.  h.  can  be  procured  in  many  places. 

It  is  not  unlikely  that  improvements  in  the  methods  of  diffusion  and  oi  hold- 
ing the  air  for  a  longer  time  in  contact  with  the  sewage  may  result  in  a  decrease 
in  the  quantity  of  air  required.     This  would  result  in  a  decrease  in  cost. 

At  the  present  time  much  attention  is  being  given  to  methods  of  converting 
the  sludge  into  marketable  fertilizer.  There  is  reasonable  agreement  among 
investigators  that  activated  sludge  contains  a  greater  proportion  of  fertilizing 
ingredients  than  the  sludges  obtained  from  most  other  processes  of  sewage 
treatment.  If  the  sludge  can  be  converted  into  commercially  dry  i>owder  con- 
taining only  10  per  cent  moisture,  there  is  good  evidence  of  a  market  for  it  at 
a  moderate  price. 

If  the  cost  of  preparation  and  sale  of  sludge  should  be  no  more  than  the 
return  from  such  sales,  the  reduction  in  the  foregoing  estimates  of  operation 
and  construction  would  be  $5,030  and  $66,000,  respectively.  If  this  procen 
should  be  even  more  successful  and  a  net  profit  of  $2  per  ton  or  say  $1  per 
million  gallons  should  be  derived,  the  saving  thus  effected  would  amount  to — 

Profit  on  sludge $2,007. 50 

Cost  of  sludge  disposal  as  per  previous  estimate 5,030.00 

Interest  and  depreciation  on  sludge  beds 2,270.00 

Total $9,807.50 

In  addition  to  this  annual  saving  there  would  be  also  the  saving  in  invest- 
ment cost  of  $36,000. 

Even  this  profit  and  saving  would  not  be  enough  to  reduce  the  coit  of  the 
activated  sludge  process  to  that  of  the  Imhoff  tank-trickling  filter  prooeM, 
but  the  net  profit  of  $1  per  million  gallons  may  be  substantiaUy  esoeeded. 
In  any  event,  this  subject  should  receive,  as  indeed  it  is  receiving,  most  oueful 
investigation. 
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It  may  be  argued  that  greater  economy  will  be  pooslble  in  the  large  plants 
than  in  the  typical  plant  designed  to  aerve  55,000  persons.  This  is  undoubt- 
edly true,  but  it  is  also  true  of  the  trickling  filter  plant.  The  proportionate 
saving  in  the  cost  of  the  activated  sludge  plant,  however,  may  be  somewhat 
grreater. 

Further  development,  particularly  in  the  direction  of  reducing  the  quantity 
of  air  required,  and  improving  means  of  distribution,  may  result  in  a  reduc- 
tion of  construction  cost.  It  seems  more  probable,  however,  that  the  cost 
of  construction  will  be  increased,  and  in  any  event  there  should  be  no  reduction 
in  construction  cost  at  a  sacrifice  in  efficiency. 

In  spite  of  the  fact  that  it  appears  to  be  somewhat  more  expensive  than 
other  processes,  the  activated  sludge  treatment  should  not  be  rejected  on  the 
ground  of  cost  without  giving  full  consideration  to  its  advantages.  It  may 
be  that  as  an  oxidizing  process  it  will  always  be  more  expensive  than  the  trick- 
ling filter,  but  it  may  have  advantages  more  important  than  this  disadvantage. 

Advantages  and  DUadvantagea  of  the  Two  Proceaaea. — If  it  is  aswimed  that 
the  sludge  from  the  activated  sludge  process  is  to  be  dried  and  disposed  of  by 
means  of  sludge  beds,  the  total  area  of  land  used  for  the  activated  sludge  plant 
will  not  differ  greatly  from  that  actually  used  for  the  trickling  filter  plant. 

The  areas  utilized  for  several  trickling  filter  plants,  including  a  reasonable 
allowance  for  walks,  drives  and  general  purposes,  are  shown  in  Table  XXI. 


Table  XXI 

Area  Average 

of  land  depth  of 

required  Area  of  stone  in 

for  plant,  trickling  trickling 

Location  of  plant                                                  acres  filters  filters 

Fitchburg,  Mass 11.8  -2.07  10' 8" 

Schenectady,  N.  Y.* 19.0  6.1  4'  7H" 

Gloversville,  N.  Y 13.5  3.07  4'  7H" 

Typical  trickling  filter  plant,  estimated ......        11.8  2 .  75  10'  3"^ 

•Original  design;  only  one-half  plant  built. 


The  estimated  area  required  for  the  typical  activated  sludge  plant  is  10 
acres,  or  nearly  2  acres  less  than  that  required  for  the  typical  triclding  filter 
plant,  li  some  other  form  of  sludge  disposal  were  used,  the  area  would  be 
materially  reduced.  In  the  second  annual  report  of  the  Milwaukee  Sewerage 
Commission,  it  is  stated  that  the  ground  area  required  for  the  Milwaukee 
activated  sludge  plant  is  0.4  acre.  This  plant  is  capable  of  treating  1,620,000 
s^al.  of  sewage  per  day,  but  the  area  given  makes  no  provision  for  sludge  dis- 
posal and  practically  nothing  for  walks,  drives  and  other  features  to  be  expected 
in  an  ordinary,  complete  plant.  As  already  stated,  the  activated  sludge  plant 
may  have  some  advantage  in  not  requiring  as  much  land  for  isolation  as  the 
trickling  filter  plant.  The  corresponding  reduction  in  cost  would  be  to  the 
Etdvantage  of  the  former. 

One  of  the  important  advantages  of  the  activated  sludge  process  is  the  small 
loss  of  head  required  for  the  passage  of  the  sewage  through  the  plant.  The 
resulting  saving  in  cost  of  sewerage  works  such  as  pumping  stations  uid  long 
outfall  or  intercepting  sewers,  may  be  sufficient  to  make  the  adoption  of  the 
EMStivated  sludge  process  imperative.  The  amount  of  head  lost  in  several 
trickling  filter  plants  is  shown  in  Table  XXII. 
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Tablb  XXII. — Head  Lost  in  Trickling  Filter  Plants 

Head  lout, 
Location  of  plant  ft. 

Columbus,  O. 25.34 

Fitchburg,  Mass 25.40* 

Gloversville,  N.  Y 21 .  40 

Schenectady,  N.  Y.  (original  design) 13. 70 

Schenectady,  N.  Y.  (actual  construction) 14. 65 

Washington,  Pa 16. 60 

Philadelphia,  Pa 25.25 

Atlanta,  Ga.,  Peachtrec  Creek  Works 20.00 

•Actual  is  42.1  due  to  topography. 


From  this  table  it  will  be  seen  that  the  head  required  for  a  trickling  filter 
plant  varies  from  14  ft.  to  a  little  over  25  ft.  The  Milwaukee  1.62  m.  g. 
plant  requires  0.3  ft.  between  the  inlet  to  the  sewage  aeration  tanks  and  the 
outlet  of  the  sedimentation  t ank .  In  addition  to  this  some  loss  should  be  added 
for  the  grit  chamber  and  screens,  but  in  any  event,  a  total  loss  of  1  to  2  ft. 
would  appear  to  be  ample. 

There  is  some  sentiment  hostile  to  an  Imhoff  tank-trickling  filter  plant 

because  of  the  fear  of  the  dissemination  of  objectionable  odors.    That  c^Jec- 

tionable  odors  are  noticeable  in  the  immediate  vicinity  of  such  plants  cannot 

.be  denied.    On  the  other  hand,  there  is  good  evidence  that  they  are  not 

noticeable  except  very  close  to  the  treatment  plants. 

The  activated  sludge  plant  appears  to  have  some  advantage  in  this  direc- 
tion. Odors  may  be  noticeable  in  the  immediate  vicinity  of  the  aeration  tanks, 
and  it  is  possible  that  objectionable  odors  may  be  given  off  from  some  portions 
of  the  sludge  drying  and  handling  process,  whatever  it  may  ultimately  be. 
It  is  probable,  however,  that  the  danger  from  this  source  will  be  less  than  from 
the  Imhoff  tank-trickling  filter  plant. 

The  moth  flies,  so  prevalent  at  certain  seasons  of  the  year,  are  quite  objec- 
tionable close  to  the  filters,  although  they  are  rarely  found  more  than  a  few 
hundred  feet  away  from  them.  While  this  cause  of  annoyance  may  be  kept 
under  reasonable  control,  it  is  doubtful  if  it  can  be  wholly  eliminated.  The 
activated  sludge  plant  does  not  seem  to  be  a  suitable  breeding  ground  for  these 
pests  and  therefore  has  an  advantage  over  the  filter. 

There  is  no  doubt  that  the  activated  sludge  process  is  capable  of  produdog 
a  more  highly  oxidized  effluent  than  the  trickling  filter,  as  ordinarily  built 
and  operated,  that  it  will  eliminate  a  much  greater  proportion  of  bacteria, 
and  that  in  appearance  its  effluent  will  be  decidedly  superior  to  that  of  the  lUter. 
This  is  a  marked  advantage  under  certain  circumstances,  but  these  facts  alone 
should  not  be  allowed  to  control  in  the  adoption  of  a  more  expensive  procen 
when  the  accomplishments  of  the  trickling  filter  answer  all  purposes. 

A  disadvantage  of  the  activated  sludge  process  in  the  minds  of  many  who 
have  studied  it  is  its  apparent  complexity  and  need  for  careful  and  skillful 
supervision.  While  it  has  been  contended  by  some  that  this  process  is  exceed- 
ingly simple  and  one  which  can  be  operated  by  a  workman  of  ordinary  intelli- 
gence, the  consensus  of  opinion  appears  to  be  to  the  contrary.  The  autbor's 
experience  in  operating  several  small  experimental  plants,  leads  him  to  feel 
that  of  all  processes  of  sewage  treatment  in  practical  use  in  this  country  today 
this  is  by  far  the  most  difficult  to  operate  and  that  it  will  require  the  "Mil 
of  a  well-trained  engineer  or  chemist  to  insure  continued  satisfactory  results 
with  it. 
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At  the  present  time  It  appears  that  the  imhofl  tank-trickling  filter  process  is 
a  less  expensive  means  of  oxidizing  the  organic  matter  of  sewage  and  industrial 
wastes  than  the  activated  sludge  process,  where  oxidation  alone  is  considered. 
If  the  areas  of  land  required  for  isolation,  the  loss  of  head  in  the  plant,  the 
danger  of  objectionable  odors  and  of  the  fly  annoyance,  and  other  disdvantages 
of  the  trickling  filter  process  are  of  marked  importance  in  any  specific  case  the 
balance  may  be  decidedly  in  favor  of  the  activated  sludge  process,  even  In  its 
present  state  of  development. 

Cost  of  Slttjige  Removal  at  Columbtts,  O.  (Engineering  and  Contracting, 
July  10, 1918). — During  1917,  2,164  cu.  yd.  of  sludge  was  removed  from  sewage 
treatment  works  of  Columbus,  O.,  at  an  average  cost  of  29H  ct>  per  cubk;  yard, 
distributed  as  follows: 

Labor $0,278 

Gasoline 016 

All  other  expenses 001 

Total SO.  295 

The  mean  cost  of  labor  was  33.1  ct.  per  hour,  and  the  labor  hours  per  cubic 
yard  were  0.83.    The  average  length  of  haul  was  750  ft. 

Cost  of  Pressing  Sewage  Sludge. — ^A  comprehensive  discussion  of  the  prac- 
tice of  dewatering  sewage  sludge  by  filter  pressing  was  presented  by  Kenneth 
Allen,  Engineer  of  Sewage  Disposal  for  the  Board  of  Estimate  and  Apportion^ 
ment  of  New  York  City,  in  Vol.  1  of  the  Transactions  of  the  American  Society 
of  Municipal  Improvements.  That  portion  of  the  paper  relating  to  sludge 
pressing,  as  reprinted  in  Engineering  and  Contracting,  Feb.  13,1918,  follows: 
Plate  Type  of  Sludge  Presses. — There  are  several  forms  of  filter  presses. 
That  most  commonly  used  consists  of  a  series  of  parallel  plates  from  30  to  54 
in.  square  and  with  depressed  surfaces,  so  that  when  the  rims  are  in  contact 
they  enclose  a  series  of  cells  from  ^^  in.  to  2  in.  thick.  The  plates  are  usually 
of  cast  iron  from  2  in.  to  3  in.  thick  at  the  rim  and  where  in  contact  are 
machmed  so  as  to  form  a  true  and  tight  joint.  The  depressed  surfaces  are 
either  grooved  vertically,  in  concentric  circles  and  radially,  or  else  in  two  direc- 
tions at  right  angles  to  each  other  forming  numerous  little  pyramids,  in  order 
to  facilitate  drainage.  Each  plate  has  a  6-in.  hole  in  the  center  through  which 
the  sludge  flows  by  gravity  from  a  tank  or  is  pumped  into  a  series  of  cells.  The 
pipe  to  the  press  is  usually  8  in.  in  size. 

Between  each  pair  of  plates  there  are  placed  two  pieces  of  cloth  with  holes  4 
in.  to  6  in.  in  diameter  in  the  center,  opposite  the  holes  in.  the  plates.  The  two 
cloths  on  the  opposite  sides  of  each  plate  are  then  sewed  or  clamx)ed  together 
at  the  hole  to  prevent  the  sludge  from  entering  and  escaping  between. 

A  modification  of  this  is  the  "frame  plate"  used  in  Germany,  in  which  a 
series  of  plates  of  uniform  thickness,  i.e.,  with  plain  faces  except  in  the  drain- 
age grooves,  alternate  with  frames.  The  grooves  in  the  plates  lead  to  drainage 
ducts  below  and  a  sieve  is  placed  over  each  face.  The  cloth  is  then  folded  over 
each  plate  and  clamped  by  the  adjacent  frame.  The  sludge  enters  by  a  con- 
tinuous duct  near  the  upper  edge  of  the  plates  and  frames. 

The  plates,  usually  50  to  100  in  number,  are  held  together  tight  by  tie  rods 
passing  through  their  upper  comers  or  lugs  projecting  therefrom.  A  head 
casting  at  one  end  and  a  follower  at  the  other  hold  the  plates  between,  while 
the  sludge  is  subjected  to  a  pressure  of  from  50  to  120  lb.  per  square  inch. 
This  pressure  may  be  derived  directly  from  the  air  receiver  or  it  may  be  applied 
after  the  press  is  filled  by  means  of  a  screw  operated  by  hand  or  motor. 
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As  the  pressuie  continues,  the  drainage  hquor,  which  is  putreacible  and  ofifeo- 
sive,  flows  through  a  H-in.  hole  in  the  bottom  of  the  plates  to  a  drain  pipe 
by  which  it  is  carried  back  to  the  sedimentation  tank  to  be  again  treated  with 
the  sewage.  Pressure  is  maintained  until  the  drainage  is  insignificant,  whidi 
may  be  anywhere  from  15  minutes  to  IM  hours,  although  at  Oberschoene- 
weide,  in  order  to  secure  a  firm  cake  from  lignite  sludge,  and  elsewhere  with 
greasy  sludge,  it  has  been  necessary  to  maintain  the  pressure  for  12  hours  or 
more. 

One  of  the  most  important  sludge  pressing  plants  is  that  at  Leeds,  where 
about  900  tons  of  cake  (containing  317  tons  dry  solids)  are  produced  in  a  wedc 
of  53  working  hours. 

The  sewage  amounts  to  21,000,000  U.  S.  gallons  per  day,  of  which  4,600,000 
are  industrial  waste.  After  passing  a  screen  and  a  grit  chamber,  it  is  dosed 
with  10  to  100  p.p.m.  of  lime  and  the  sludge  is  pumped  by  Tangye  pumps  to 
three  sludge  tanks  of  360  tons  capacity,  milk  of  lime  being  introduced  in  the 
pump  section,  3H  tons  per  tank.  The  limed  sludge,  90  per  cent  moisture,  is 
then  settled  for  12  to  18  hours  and  the  supernatant  water  drawn  off.  This 
usually  amounts  to  from  8  to  12  per  cent  of  the  volume.  Two  pairs  of  rams 
6  ft.  in  diameter  by  12  ft.  deep  force  the  concentrated  material  under  a  pressure 
of  100  lb.  per  square  inch  to  the  presses,  each  feeding  four  of  the  eight  installed, 
but  this  is  increased  to  a  final  squeeze  of  about  1,700  lb.  per  square  inch  by 
hydraulic  thrust  blocks. 

Each  press  has  64  cells  52  in.  by  52  in.  by  1>^  in.  in  size,  and  therefore  im>- 
duces  about  5  tons  per  run.  The  cake  drops  to  bogies  below  holding  60  cu.  ft 
each  and  drawn  by  a  locomotive.  Eight  laborers  attend  to  the  presses  and 
four  to  the  bogies. 

At  Glasgow  the  Damarnock  plant  consists  of  18  presses  of  41  cells  each. 
The  air  pressure  is  100  lb.  150  tons  of  cake,  66  per  cent  moisture,  have  been 
produced  in  five  runs  per  day,  equivalent  to  2^  tons  or  3>i  cu.  yd.  per  1,000,- 
000  gal.  of  sewage.  The  moisture  is  reduced  from  90  to  66  per  cent  by  the 
process. 

The  plant  at  Worcester,  Mass.,  consists  of  4  Bushnell  presses  of  126  39-in. 
circular  plates  each.  Sludge  is  pumped  into  the  presses  by  two  triplex  pumps 
having  6-in.  bronze  ball  valves.  Between  the  pumps  and  the  presses  there  is  a 
1,130-gal.  equalizing  tank  supplied  with  compressed  air  as  a  cushion  at  the  top 
and  rrom  the  bottom  of  which  a  10-in.  main  with  6-in.  branches  feeds  the 
presses.  The  follower  or  rear  end  plate  of  the  press  carries  a  10-in.  hydraulic 
ram  with  a  48-in.  travel  which  brings  the  plates  into  close  contact  so  as  to 
prevent  leakage,  and  the  sludge  is  then  pumped  in  under  a  pressure  <rf  80  lb. 
per  square  inch.  The  cake  produced  is  36  in.  in  diameter  and  ^  in.  thick. 
On  falling  from  the  cloths  it  is  carried  by  a  conveyor  to  a  car  holding  3  cu.  yd., 
run  to  a  trestle  and  dumped.  Four  sludge  cars  and  two  motor  cars  are  pro- 
vided.    Each  press  will  produce,  with  8  fillings,  16  cu.  yd.  of  cake  per  day. 

In  1916  a  daily  average  of  37,600  gal.  of  sludge,  93.74  per  cent  moisture, 
produced  36.1  tons  of  cake,  72.8  per  cent  moisture,  containing  1.23  tons  of 
solids  per  1,000,000  gal.  of  sewage.  The  cost  of  pressing  was  $7.06  per  1,000,- 
000  gal.  of  sewage,  or  $5.71  per  ton  of  solids. 

At  Providence  there  are  18  presses  of  from  43  to  54  plates  each.  These 
are  filled  with  sludge  under  a  pressure  of  60  lb.  per  square  inch.  The  cake, 
36  in.  square  and  IK  hi>  thick,  amounts  to  64  tons  per  day. 

At  Spandau  the  sludge  from  a  population  of  80,000  is  forced  from  cyUndiical 
steel  receivers  under  a  pressure  of  33  lb.  per  square  inch  to  the  8  presMS.    The 
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car,  by  which  it  is  removed  for  disposal.  This  oi>eration  takes  from  10  to  30 
minutes  or  more.  The  entire  operation  of  filling,  pressing  and  emptying 
ordinarily  takes  from  45  minutes  to  2  hours. 

SlxAdge  Cake. — In  practice  precipitated  sludge  is  reduced  to  cake  having 
about  20  per  cent  its  original  weight  and  containing  from  50  to  70  per  cent 
moisture.  The  moisture  is  not  uniform  in  the  cake,  being  greatest  near  the 
point  where  admitted  to  the  press.  The  weight  of  this  cake  is  about  8H  tons 
per  1,000,000  gal.  of  sewage  (Rideal).  The  cakes  nm  from  an  inch  or  leas 
in  thickness  to  IM  or  2  in.  if  greasy  and  well  dosed  with  lime.  On  breaking 
it  up  the  weight  per  cubic  yard  is  reduced  to  about  1,350  lb.  when  the  voids 
are  found  to  be  about  40  per  cent.  By  air-drying  imder  cover  this  weight 
may  be  further  reduced  by  about  50  per  cent. 

Analyses  of  sludge  cake  as  produced  at  Chorley  and  Dorking,  England,  are 

given  in  the  Fifth  Report  of  the  Royal  Commission  on  Sewage  Disposal. 

The  sewage  in  each  case  is  domestic.    At  Chorley,  with  combined  sewage,  9 

grains  per  Imp.  gal.  of  alumino  ferric  is  used  for  precipitation,  and  at  Dorking, 

which  is  partially  sewered  on  the  separate  system,  5  grains  per  Imp.  gal.  of 

lime.    The  cake  as  delivered  contains  about  50  per  cent  moisture,  but  the 

samples  analyzed  were  dried  at  110**  C. 

Chorley  Dorking 

Grit.. 25.30  6.84 

Oxid^  of  iron  and  aluminum 9. 37  3. 46 

Lime 10.32  23.16 

Phosphoric  acid 0. 98  .0. 66 

Nitrogen  (total) 1. 28  0.89 

At  Leeds  in  the  year  1913-14  the  average  composition  of  the  cake  was  as 

follows: 

Per  cent. 

Water 60. 1 

Volatile  matter 16. 7 

Nitrogen,  5.9  per  cent 

Total  grease,  6.3  per  cent. 

Mineral  residue 23. 2 

Calcium  phos.,  .94  per  cent.  

100.0 

The  solids  from  the  sewage  normally  comprised  35.3  per  cent  of  the  cake. 

The  average  of  4  analyses  of  commercially  dried  (10  per  cent  moisture) 

activated  sludge,  with  especial  reference  to  their  fertilizing  value,  are  given  by 

William  R.  Copeland  as  follows: 

Per  eent. 

Nitrogen  as  ammonia 4. 68 

Available  phosphoric  acid 0. 57 

Co8t  of  Pressing  Sludge. — The  cost  of  pressing  is  given  by  th^  Royal  Com- 
mission on  Sewage  Disposal  for  two  typical  groups  of  towns: 

Group  I — For  towns  of  30,000  persons  or  more  employing  chemical  precipi- 
tation followed  by  sedimentation  or  sedimentation  alone  and  where  no  special 
addition  of  lime  is  required  on  account  of  industrial  waste.  Sludges  under 
such  conditions  will  require  lime  equivalent  to  from  2  to  4  per  cent  of  the 
weight  of  the  pressed  cake. 

Group  II — For  towns  of  less  than  30,000  persons  and  for  those  where, 
because  the  sludge  is  greasy  or  derived  from  septic  tanks,  it  is  neooMMy  to  add 
lime  equivalent  to  from  5  to  20  per  cent  of  the  weight  of  the  proawd  cake 
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The  moisture  in  each  cake  is  assumed  to  be  90  per  cent  in  the  wet  sludge  and 
»5  i)er  cent  in  the  piessed  cake. 

Cost  of  Pbessino  Sludos 

In  ct.  per  ton  of  2,000  lb. 
^et  Sludge —  Group  I  Group  II 

Operation 9.6-12.0  14.6-24.4 

Operation  and  fixed  charges 13. 2-15. 6  18. 1-28.0 

Operation 43.6-54.4  65.2-109 

Operation  and  fixed  cliarges 59. 7-70. 6  81. 4-125 

Moore  and  Silcock  give  the  cost  of  pressing  in  Englai^d  at  from  32.6  ct.  to 
>4.4  ct.  per  ton  of  cake ;  Eisner  at  $4.50  per  1 ,000,000  gal.  of  sewage.  Aocord- 
ng  to  Schiele  the  cost  of  producing  1  ton  of  cake  from  5.8  cu.  yd.  of  wet  sludge, 
nduding  fixed  charges,  varies  from  41K  ct.  to  $1.28,  and  averages  85  cts. 

In  a  list  of  18  British  cities  Metcalf  and  Eddy  find  the  cost  of  pressing  to 
rary  from  6  to  43  ct.  per  ton  of  wet  sludge  or  from  27  to  93  ct.  i)er  ton  of  cake. 

At  the  Dalmamock  Works  at  Glasgow  171,476  tons  of  crude  sludge  were 
>re3sed  to  291,045  tons  of  cake  in  the  year  ending  May  31,  1916,  at  a  cost  of 
(2.16  i>er  1,000,000  gal.  of  sewage,  or  67  ct.  per  ton  of  cake. 

At  the  Knostrop  works  at  Leeds  in  the  year  ending  March  31,  1915,  42,321 
ions  of  cake,  60  per  cent  moisture,  were  i>roduced  at  a  cost  of  $15,480,  endu- 
live  of  interest  and  amortization,  and  $6,681  for  disposal  x>r,  for  pressing,  per 
;on  of  cake,  36.7  ct.;  per  ton  dry  solids,  $1.03. 

For  German  conditions,  Reichle  and  Thiesing  mention  from  63H  to  85  ct. 
is  fair  limits  (before  the  war). 

Estimates  based  on  foreign  practice  cannot  of  course  be  applied  directly 
;o  American  conditions.  The  following  is  the  distribution  of  cost  based  upon 
igures  estimated  for  Wimbeldon  by  Santo  Crimp: 

Per  cent 

^ages 36. 0 

liime 40. 0- 

3oal 9. 6 

::;ioth8 12. 8 

)il,  etc 1.6 

Total 100. 0 

American  cost  data  are  practically  limited  to  exi>erience  at  Worcester  and 
Providence,  data  for  which  are  as  follows: 

Worcester  Providence* 

Range  1890  co  1912  1903  1910  1916 

i'er  mil.  gal.  sewage $3. 85  to  $6. 76  $2. 44  $4. 06  $2. 78 

?»er  ton  of  dry  solids 3.  39  to    4.  64  2  27  2.  54  3. 38 

>er  ton  of  cake 0. 91  to    1 .  37  0.  67  0. 72^^      0. 94^ 

*  Costs  include  disposal. 

The  above  figures  are  in  general  based  upon  precipitated  sludge.  Owing 
o  the  greater  amount  of  lime  required  it  will  cost  perhaps  a  third  more  to 
»ress  fresh  or  septic  settled  sludge. 

DiapoacU  of  Cake. — The  cake  may  sometimes  be  disposed  of  for  a  nominal 
um,  say,  10  to  25  ct.  per  ton,  to  farmers,  but  if  there  is  no  demand  for  it,  it 
aay  be  used  for  filling  at  about  an  equal  cost.  When  deposited  in  depths  up 
o  12  ft.  in  water-soaked  land  near  Leeds  it  was  observed  to  shrink  about  33 
ler  cent  in  two  years  and  to  generate  more  or  less  heat. 

While  there  is  more  or  less  odor  in  the  press  house  this  does  not  carry  far, 
ind  if  kept  under  cover  it  is  quite  inoffensive.    Fresh  cake  kept  moist  by  rain. 
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especially  if  the  weather  is  wann,  will  give  off  a  certain  amount  of  odor,  but, 
if  first  air-dried  to  20  or  30  per  cent  moisture,  objectionable  odors  are  usually 
prevented. 

An  advantage  in  lignite  sludge,  besides  being  inodorous,  is  that  it  can  be 
utilized  by  burning  under  the  boiler,  and  experiments  by  W.  L.  Stevenson  at 
Philadlephia  show  that  by  the  addition  of  a  small  amount  of  combustible 
material  to  ordinary  air-dried  sludge  from  plain  sedimentation  there  will 
be  obtained  a  material  having  a  moderate  value  as  fuel. 

The  foregoing  remarks  have  been  confined  to  the  plate  type  of  press,  often 
spoken  of  as  the  "Johnson"  filter  press,  this  having  been  almost  universally 
used  for  the  pressing  of  sewage  sludge  heretofore.  There  are,  however, 
several  other  more  recent  types  which  deserve  mention. 

The  Kelley  Filter  Press. — The  Kelley  Filter  Press  consists  of  a  steel  frame 
supporting  a  cyUndrical  "press  shell"  at  one  end  and  a  carriage  for  inserting 
into  and  withdrawing  from  the  other  end  a  series  of  longitudinal  filter  leaves. 
Each  leaf  consists  of  a  horizontal  pipe  above  connected  to  a  similar  pipe  below 
by  a  mesh  of  double  crimped  No.  0. 105  gage  wire.  This  wire  mesh  enters  a  slot 
in  each  pipe  for  the  removal  of  the  filtrate,  to  which  it  is  strongly 
riveted  or  welded.  A  bag  of  extra  heavy  twill  or  duck  is  drawn  over  each  leaf 
and  the  end  sewed  up  by  hand,  forming  the  filtering  medium.  The  leaves  are 
uniformly  spaced,  but  of  different  heights,  depending  on  their  position  with 
reference  to  the  press  shell. 

At  each  end  of  the  filter  carriage  are  plates  for  supporting  the  leaves,  one  of 
these  providing  the  head  of  the  press  shell  when  the  leaves  are  inserted.  By 
means  of  a  groove  in  the  head  plate  corresponding  to  an  annular  projection 
on  the  end  of  the  shell,  which  are  forced  together  on  a  gasket  and  held  by 
special  locking  mechanism,  all  leakage  during  operation  is  prevented. 

In  operation  the  carriage  and  leaves  are  inserted  in  the  shell  and  the  head  is 
locked.  The  shell  is  then  filled  with  sludge  by  a  pipe,  while  the  air  is  released 
by  an  overfiow  valve  at  the  top.  This,  it  is  claimed,  takes  but  about  four 
minutes.  When  filled  the  overflow  valve  is  closed  and  about  40  lb.  pressure 
applied  to  the  sludge  pipe.  The  cake  forms  on  the  surface  of  the  bags  as  the 
filtrate  passes  through  and  is  carried  off  by  the  frame  pipes  and  drains. 

After  the  cake  is  built  up  the  sludge  supply  is  shut  off  and  compressed  air 
admitted  from  above,  displacing  the  remaining  wet  sludge  and  aiding  in 
drying  the  cake.  This  Is  then  removed  from  the  bags  by  shaking,  by  loosening 
with  a  woodeo  spade,  or  by  compressed  air  introduced  through  the  drainage 
pipes. 

The  following  data  are  taken  from  a  circular  of  the  manufacturer: 

Size  of  shell 30''  X  72"      40"  X  108"        48"  X  120" 

Capacity  of  shell — 

Cu.  ft 32  75  120 

Gal 240  560  900 

Number  of  leaves 4-9  6-8  6-10 

Filter  area,  sq.  ft 60-130  180-250  280-450 

•  Weight  of  cake  IJ^  in.  thick 667  1 ,333  3,333 

•  Average  weight  of  cake  in  tons  per 

24  hours Z^i-^H  13H-26?i         33^-66% 

*  Assuming  weight  of  cake  66^^  lb.  per  cu.  ft. 

The  economies  claimed  for  this  press  are  due  to  the  small  amount  of  labor 
required,  lack  of  wear  on  filter  cloths  and  the  avoidance  of  breakage  of  plates. 

The  Sweetland  Filter  Press. — This  consists  of  a  number  of  parallel  circular 
leaves  consisting  of  a  heavy  wire  screen  hung  from  a  casting  above.    Each 
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.  an  outlet  nipple  at  the  top  connecting  with  a  drainage  duct  in  the 
Etsting,  is  bound  by  a  stiff  U-shaped  frame  on  the  edge  and  covered  with 
canvas.  The  entire  series  of  leaves  is  enclosed  in  two  semi-cylindrical 
I,  the  lower  of  which  can  be  swung  to  one  side  on  a  hinge, 
ludge  is  forced  in  through  a  channel  in  the  bottom  of  the  lower  casting 
73  up  between  the  leaves  and  as  the  filtrate  passes  through  the  canvas 
;  through  the  drainage  duct  the  solids  form  a  cake  on  each  side  of 
jaf.  When  the  process  of  filtering  becomes  slow,  compressed  air  is 
3ed,  blowing  the  wet  sludge  in  the  bottom  of  the  cylinder  back  into 
age  tank  and  drying  the  cakes.  The  lower  casting  is  then  swung  to 
t  and  the  dewatered  sludge  drops  out,  aided  by  reversing  the  air  pres- 
ough  the  leaves.  This  back  pressure  serves  as  well  to  keep  the  filter 
.  clean.  The  operation  of  dumping  is  claimed  by  the  manufacturer 
jy  but  from  8  to  20  minutes. 

iress  of  this  kind  used  by  R.  W.  Pratt  at  the  Cleveland  Sewage  Testing 
the  leaves  were  2  ft.  in  diameter.  The  average  moisture  in  the  wet 
7as  about  86  per  cent  and  that  of  the  cake  between  62  and  76  |)er  cent, 
itt  mentions  the  importance  of  keeping  the  cakes  from  adhering  to 
ler  by  providing  sufficient  clearance.  Where  the  leaves  were  even  as 
3  3  in.  between  centers  no  cake  was  obtained  with  less  than  70  per 
listure,  and  it  was  concluded  that  there  should  be  a  clearance  of  not 
n  3  in.  nor  more  than  4K  in.  Pressures  of  from  30  to  35  lb.  were 
tt-except  for  short  periods  at  the  end  of  the  run  when  as  much  as  50  lb. 
netimes  used.    As  to  the  time  required  the  best  results  were  with  a  half 

•  forming  the  cake,  ^i  hour  for  drying  or  1 H  hours  for  the  entire  run. 

J  tests  were  mostly  with  ImhofP  slud|:e,  but  as  there  is  no  exposure  of 
ge  to  the  air,  Mr.  Pratt  is  of  the  opinion  that  "  in  large  installations  the 
nd  press  could  be  operated  without  odors  or  nuisance"  with  ordinary 

Results  of  Pressing  Imhoff  Sludoe 
sed  from  Table  61,  Report  Sewage  Testing  Station,  Cleveland,  1914 

•  of  leaves 16  16  14  14 

center  to  center IW              3"                 3''  4^" 

•  of  runs  averaged 4                   7  2  4 

hours: 

ng 94*  1.15  1.65t           .50 

ig 12}.^  .36  .58t           .75 

1.51              1.25 

gravity  of  raw  sludgp 1 .  05  1 .  06  1.11  1. 07*t 

•j  moisture: 

jludge 89  86  82               86 

68  72  75               64 

^-lb.  per  sq.  in 53*t  43  43                42 

;  per  run 242*t  314  139                90 

rage  from  2  runs,     t  Result  from  1  run.      *t  Average  from  3  runs. 

Vorthington  Filter  Press. — The  Worthington  or  "Berrigan"  press  has 
ed  out  in  particular  at  Milwaukee  in  connection  with  activated  sludge, 
ludge  is  placed  in  each  of  a  number  of  unbleached  muslin  bags  inclosed 
;  of  special  fine  canvas.  The  bags  are  hung  vertically  between  two 
vhich,  being  drawn  together  by  means  of  a  toggle  joint,  squeeze  the 
ous  water  from  the  sludge  and  through  the  bags.  As  the  pressure 
58,  the  motion,  which  is  automatically  controlled,  decreases,  but  the 
I  may  be  increased  very  greatly. 
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The  plates  are  grooved  and  faced  with  wire  to  facilitate  drainage.  In  size 
they  are  manufactured  36  in.  by  48  in.,  72  in.  by  108  in.,  and  96  in.  by  120  in. 

The  Milwaukee  experiments  were  made  with  a  72-in.  by  108-in.  press  with 
10  bags.  The  sludge,  98  per  cent  or  99  per  cent  of  water,  is  first  concentrated 
to  96  or  97  per  cent.  The  best  way  to  accomplish  this,  whether  by  decanting 
the  supernatant  water  after  settling  from  1  to  3  hours  or  scraping  or  sucking 
up  the  deposited  sludge,  remains  to  be  settled.  It  is  a  material  factor  in  tlie 
economy  of  operation,  as  every  per  cent  reduction  means  a  large  saving  in  the 
volume  of  sludge  to  be  handled  and  consequently  in  the  cost  d  the  plant. 

The  concentrated  sludge  is  fed  into  the  bags  without  any  addition  of  lime 
and  then  subjected  to  a  pressure  gradually  increasing  to  about  60  lb.  per  square 
inch.  After  draining  the  pressure  is  released,  the  bags  are  lifted  out  and 
emptied  by  gravity.  They  keep  fairly  clean  in  this  way,  but,  if  sludge  adheres 
to  the  surface,  it  is  removed  by  a  jet  of  steam. 

The  Milwaukee  machine  will  produce  from  about  2,000,000  gaL  of  sewage 
a  ton  of  cake  1  in.  thick  per  run,  which,  by  further  drying  to  10  per  cent  mois- 
ture, win  yield  about  1,000  lb.  in  a  condition,  after  grinding,  to  be  used  as 
fertilizer,  for  which  it  is  said  to  be  particularly  well  adapted.  The  tim 
required  is  about  5  hours  per  operation,  so  that  the  above  press  will  produce 
some  5  tons  of  cake  per  24  hours  of  75  per  cent  moisture. 

One  laborer,  according  to  Mr.  T.  C.  Hatton,  Chief  Engineer  of  the  Mil- 
waukee Sewerage  Commission,  can  attend  to  5  presses,  so  that  the  cost  of 
attendance  is  low,  and  as  to  the  i)ower  required,  the  designer,  Mr.  Berrigan. 
claims  that  a  15-h.p.  motor  will  suffice  for  5  machines. 

The  following  conclusions  were  based  upon  the  Milwaukee  ezperim^its  with 
activated  sludge:  "Sludge  can  be  dewatered  satisfactorily  from  96  per  cent 
to  75  per  cent  moisture  by  either  a  plate  press  or  pressure  press  without  the 
addition  of  lime  or  other  base. 

"  The  filter  bags  used  in  the  presses  must  be  cleansed  frequently  to  Tmrinfadn 
efficiency.  This  can  be  done  by  soaking  in  a  bath  of  dilute  caustic  soda 
and  hot  water. 

*'  Sludge  after  pressing  can  be  stored  in  a  building  without  creating  offensive 
odors  more  than  50  ft.  away,  and  can  be  easily  handled." 

After  drying  (to  10  per  cent)  this  sludge  contains  from  4.5  to  5  per  cent 
of  ammonia,  for  which  there  Ls  ample  market  as  a  fertilizer. 

The  cost  of  a  press  such  as  has  been  described  complete  is  stated  to  be 
about  S4.000,  exclusive  of  overhead  charges,  to  which  should  be  added  $800 
for  an  accumulator,  or  $500  for  a  pump  of  capacity  to  serve  20  presses 

An  estimate  of  the  cost  of  operation  Ls  given  by  Mr.  Hatton  in  the  RepcMrt  of 
the  Commission  for  1916,  as  follows,  based  upon  a  plant  capable  of  handling 
the  sludge  from  100,000,000  gal.  daily  of  Kewage: 

Per  ton  of 
cake 

Labor  (3  shifts  of  8  hours) $1. 36 

Bags  (cleaning  and  upkeep) .64 

Power .09 

Contingencies .16 

Overhead  charges.  10  per  cent  of  cost   1. 21 

Total $3.46 

or,  since  1,000,000  gal.  daily  of  sewage  produces  >3  ton  of  cake,  the  ooil  of 
pressing  is  about  $1.73  per  1,000,000  gal.  of  sewage.    ^ 
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Aooording  to  Mr.  G.  W.  Fuller,  the  cost  is  about  $3  per  ton  of  dry  solids, 
or  $2.70  per  ton  with  10  per  cent  moisture. 

Sttimated  Cost  of  Pressing  Activated  Sludge. — In  the  Stockyards  Diatrictf 
Chicago,  by  Langdon  Pearse  and  W.  D.  Richardson.  Based  on  96  tons  of  dry 
material  per  day.     CkMt  per  dry  ton. 

Supplies: 

Duck  at  $1.75  per  lin.  yd..  120  in.  wide $1. 37 

Miscellaneous 24 

$1.61 

Labor $1. 13 

Power  3.24  h.p.,  equals  2.42  kw.-hr.  at  0.7  ct.  per  hr 41 

1.54 

Operating  expenses $3. 15 

Fbced  charges 2. 57 

.  Grand  total $5.  72 

While  this  press  has  been  shown  to  be  well  adapted  to  the  dewatering  of 
activated  riudge,  Mr.  Berrigan  claims  that  it  will  also  be  found  satisfactory 
with  plain  settled  or  septic  sludges  without  the  addition  of  lime,  but  the  writer 
is  not  aware  that  this  has  been  conclusively  demonstrated  as  yet. 

Conclusion. — Dewatering  sewage  sludge  by  filter  pressing  with  the  plate 
type  of  press  has  been  brought  to  a  point  where  its  efficacy  and  cost  can  be 
dkieely  predicted.  With  fresh  settled  or  precipitated  sludge  and  the  addition 
of  from  0.5  to  3  per  cent  of  lime  and  a  pressure  of  70  or  80  lb.  per  square  inch 
a  firm,  satisfactory  cake  can  be  produced. 

Cost  of  Flashing  Sewers. — The  following  data  are  taken  from  an  article 
published  in  EIngineering  and  Contracting,  April  24,  1912. 

Methods  and  Apparatus  for  Flushing  Sewers. — Flushing  consists  of  admitting 
a  midden  rush  of  water  at  a  high  velocity  into  the  sewer.  This  can  be  secured 
by  collecting  water  in  a  manhole  or  tank  and  then  suddenly  admitting  it  to 
the  sewer  by  (a)  opening  a  valve,  (6)  removing  a  plug,  etc.,  or  (c)  breaking  an 
air  seal  or  lock  in  a  siphon.  Filling  and  discharging  the  tank  may  be  done 
automatically,  semi-automatically,  or  by  hand. 

In  the  case  of  very  large  sewers,  the  sewage  itself  may  be  used  instead  of 
water  from  an  outside  source.  Here  a  plug  or  gate  is  put  in  the  outlet  and 
the  incoming  sewage  allowed  to  dam  up  in  the  bottom  of  the  tank  or  manhole. 
When  a  nnall  head  has  been  accumulated  it  is  allowed  to  flow  down  the  sewer. 
This  method  of  flushing  has  several  drawbacks,  (a)  The  unsanitary  character 
of  the  work,  (b)  the  high  cost  of  labor,  (c)  the  time  required  for  the  sewage 
to  aocumi^te,  and  (d)  since  the  head  can  be  built  up  it  Is  limited  by  the  grade 
of  the  inlet  sewer,  a  low  flushing  velocity.  As  a  result  flushing  with  accumu- 
lated sewage  is  only  employed  on  mains  of  large  size. 

Hand  Flushing. — In  flushing  by  hand,  several  methods  of  filling  can  be  used : 
(1)  By  means  of  a  water  cart;  (2)  by  a  hose  connection  to  a  hydrant;  (3)  by  a 
pCTmanent  connection  from  the  water  main. 

A  9topper  is  placed  in  the  outlet  of  the  manhole  or  tank  and  if  it  is  not  a  dead 
eod  of  a  sewer  a  stopper  is  also  placed  in  the  inlet. 

When  the  tank  or  manhole  has  been  filled  by  the  water  from  the  cart,  from 
the  connection  to  the  hydrant  or  water  main,  it  is  shut  ofT,  the  plug  or  similar 
contrivance  removed  from  the  sewer  and  the  water  allowed  to  flush  it  out. 

AtAomatie  and  Semi- Automatic  Flushing. — In  flushing  by  means  of  auto- 
matic apparatus,  water  is  fed  to  the  tank  by  a  service  pipe  fftted  with  an 
apfrtiaaoe  for  regulating  the  rate  of  feed,  and  discharged  by  some  form  of 
fiplioii,  wbkii  fluriies  when  the  water  has  reached  a  predetermined  level  in  the 
51 
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tank.  The  operation  of  the  siphon  is  entirely  automatic.  The  water  may 
be  fed  to  the  tank  in  a  continuous  stream  of  such  volume  that  the  tank  fllli 
and  discharges  entirely  automatically  at  predetermined  intervals  of  24  to  48 
hours,  etc.,  or  else  the  water  may  be  fed  only  when  desired  so  that  flushing 
occurs  at  any  frequency  whatever.  In  the  first  case  a  regulator  controls  the 
feed  to  the  desired  rate,  and  in  the  second  case,  this  regulator  is  replaced  by  a 
cut-ofif  device  designed  to  i)ermit  the  filling  only  when  opened  by  pulling  a 
chain.  The  flush  then  follows  automatically,  and  at  the  same  time  the  feed 
is  automatically  cut  off.  As  the  name  implies  with  automatic  flush  tanks 
no  labor  at  all  is  required.  With  the  use  of  the  cut-off  valve  to  permit  semi- 
automatic flushing,  labor  is  necessary  but  it  is  merely  that  of  pulling  a  chi^ 
from  the  outside  of  the  tank  by  means  of  a  hook  passed  through  the  manhole 
cover. 

Cost  of  Flushing. — Three  items  go  to  make  up  the  cost  of  sewer  flushing 
(1)  Cost  of  water;  (2)  cost  of  labor;  (3)  fixed  charges  against  the  apparatus. 

Items  1  and  2  are  independent  of  the  frequency  of  flushing,  that  is,  whether 
flushing  is  performed  once  a  day  or  once  a  month,  the  cost  per  flush  for  water 
and  for  labor  are  practically  the  same.  This  is  not  true  of  item  3.  The  flxed 
charges  on  the  apparatus  include  interest  on  the  money  invested  and  sinking 
fund.  The  charge  per  flush,  therefore,  is  governed  by  the  frequency  with 
which  flushing  is  performed,  the  interest  on  sewer  bonds  and  local  canditiMis. 

Assume  a  case  where  water  costs  3  cents  per  1,000  gals.,  and  that  the  amount 
of  flushing  water  required  is  333  gals.,  so  that  the  cost  per  flush  for  water  is 
one  cent.  This  is  an  extremely  low  cost  for  water.  This  flgure  can  be  as- 
sumed here,  however,  as  the  same  cost  will  be  taken  in  each  method  of  flushing. 
Where  the  apparatus  used  for  flushing  wastes  water,  as  for  instance,  where 
poorly  operating  automatic  tanks  discharge  2  or  3,  or  more,  times  a  day,  where 
once  every  2  or  3  days  would  be  sufficient,  the  money  value  of  the  water 
wasted  will  add  up  to  a  large  amount  in  a  year. 

Flushing  With  Water  Cart. — Two  men  with  a  water  cart  can  flush  about  20 
tanks  per  day  and  the  cost  for  labor  is  as  follows: 

2  men  at  $2.00 $4. 00 

2  horses  and  cart  at  S-.OJ 4. 00 

Total  per  day $8. 00 

Labor  per  flush 40  cts. 

Water  per  flush 01  ot. 

Total 41  eta. 

To  this  must  be  added  the  fixed  charges  against  the  apparatus  used  for 
flushing.  As  we  are  only  making  a  comparative  study  and  a  tank  or  manhole 
of  masonry  of  concrete  is  required  in  all  the  methods  considered,  we  can  elimi- 
nate charges  on  that  investment.  The  charges  against  the  investment  on  water 
carts  is  included  in  the  cost  for  horse  and  cart,  which  is  considered  as  rental. 

Hose  Connection. — Using  this  method  the  labor  to  handle  about  20  tanks 
would  be: 

2  men  at  $2.00 $4. 00 

1  horse,  hose  and  cart  at  $2.00 2. 00 

Total  per  day $6. 00 

Total  labor  per  flush 30  cts. 

Water  per  flush 01  ct. 

Total  cost  per  flubh  31  cts. 
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*ltuhino  Manhole. — The  number  of  flushing  manholes  or  tanks  with  hand 
»  valves  that  may  be  operated  in  a  day,  depends  largely  on  their  distance 
n  one  another,  on  the  time  required  to  fill  them  and  on  the  rapidity  with 
ch  the  attendant  removes  and  replaces  manhole  covers,  etc.  A  special 
ort  on  the  time  taken  to  operate  flushing  manholes  in  a  large  city  in  the 
th  shows  that  one  man  flushed  44  tanks  in  one  day. 

Lssume  as  an  average,  that  one  man  with  a  horse  and  wagon  can  attend 
•ut  40  tanks  daily.  In  many  cases  a  horse  and  wagon  might  not  be  used, 
attendant  walking  or  riding  bicycle  from  tank  to  tank.  However,  as  it 
.  be  assumed  that  a  horse  and  wagon  are  also  employed  with  the  semi- 
omatic  tank  in  the  analysis  following,  it  is  consistent  to  set  down  that 
n  here.    The  cost  per  flush  would  then  be  made  up  of  the  following  items: 

1  man $2. 00 

1  horse  and  wagon 2.  00 

Total  labor  per  day $4. 00 

Cost  for  labor  per  flush 10  cts. 

Cost  for  water 01  ct. 

Cost  per  flush  exclusive  of  fixed  charges 11  cts. 

'o  this  must  be  added  the  fixed  charges  on  the  investment  for  the  water 
nection  and  the  lift  valve.  Assuming  $15  as  the  first  cost  for  the  water 
nection  and  flap  valve,  the  flxed  charges  at  10  per  cent  *-  $1.50  per  year, 
i  fixed  charge  per  flush  depends  upon  the  frequency  of  flushing.  We  will 
t  consider  a  frequency  of  365  flushes  per  year.  The  cost  per  flush  for  vari- 
frequencies  from  1  to  366  times  per  year  is  given  by  Table  XXIII. 

ixjs  XXIII. — Cost  of  Flushing  in  Cents  Peb  Flush,  when  Flushing 
AT  Frequencies  from  1  to  365  Times  a  Year 

Cost  per  Cost  per 

mber  of                                                     flush   with  flush  with  Cost  per 

hes  per         Hand                                       flushing  hose  con-  flush  with 

year          operated*      Automatic*         manhole  neotions  cart 

cents                cents                cents  cents  cents 

1  303.00  261.0  31.0  41.0 

25  15.00  17.0  31.0  41.0 

50  9.00  ....  14.0  31.0  41.0 

100  6.00  12.5  31.0  41.0 

150  5.00  12.00  31.0  41.0 

200  4.50  2.50  11.75  31.0  41.0 

260  4.20  2.20  11.60  31.0  41.0 

300  4.00  2.00  11.50  31.0  41.0 

365  3.82  1.82  11.41  31.0  41.0 
Cost  per  flush  with  semi-automatic  tank. 

$1  50 
"or  flushing  366  times  a  year  the  flxed  charge  is  -  -  *'     -  .41  cents  and 

complete  cost  is  as  follows: 

Labor  per  flush 10. 00  cts. 

Water  per  flush 1. 00  cts. 

Fixed  cnarges 41  cts. 

'otal  cost  per  flush  (flushing  365  times  per  year) 11.41  cts. 

itUomatic  Flush  Tanks. — With  this  method,  the  cost  of  water  per  flush  ia 
Mfore,  one  cent.  The  cost  for  labor  is  zero.  The  fixed  charges  on  the 
hing  siphon  are  dependent  upon  its  first  cost,  the  life  of  the  apparatus  and 
value  of  money.     The  investment  for  an  automatic  siphon  and  regulator 
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as  installed  would  be  about  $30.  Setting  down  yearly  fixed  charges  at  10  per 
cent  as  before,  we  have  the  fixed  charge  per  tank  as  $3.00  and  for  flushing  3$5 
times  per  year,  .82  cents  per  flush.    The  total  cost  per  flush  is  then: 

Labor 00  ots. 

Water 1.00  ots. 

Fixed  charges 82  cts. 

1.82  ots. 

Table  XXIV  summarizes  the  cost  of  various  methods  of  flnghing  at  a  fre- 
quency of  365  times  a  year. 

Tablb  XXIV. — Cost  of  Flushinq,  in  Csnts  Pbb  Flush,  at  a  Frbqubnct  or 

365  Times  a  Year 

Fixed  charges 
per  flush. 
Water  cost       365  flushes    Labor  cost  Total  Gost 
per  flush,  per  year,       per  flush,     per  fludb. 

Method  of  flushing  cents  cents  .  cents  eents 

Water  cart 1  0  40.0  41.0 

Hose  connection 1  0  30. 0  81. 0 

Flushing  manhole 1  .41  10.0  11.41 

Automatic  flush  tank 1  .82  0.0  1. 82 

*  For  the  purpose  of  comparison  fixed  charges  against  the  masonry  tank  or 
manhole  can  be  neglected  and  with  the  flushing  manhole  and  automatio  tank, 
10  per  cent  of  the  cost  of  the  apparatus  are  set  down  for  interest  sinking  fund  and 
maintenance. 

Semi' Automatic  Fliuh  Tanks. — We  have  now  to  consider  the  cases  where 
flushing  is  required  less  frequently,  once  or  twice  a  week  or  less.  Under  these 
circumstances,  the  semi-automatic  tank  is  the  most  economical  method  of 
flushing.  Furthermore,  this  type  of  tank  can  be  used  when  dedred,  as  a  full 
automatic  tank,  flushing  at  frequent  periods  or  less  frequently,  the  only  labor 
required  for  flushing  in  this  manner  being  the  pulling  of  a  (diaia  from  the 
outside  of  the  manhole. 

The  cost  for  water  is  again,  one  cent  per  flush.  As  to  labor — a  man  with  a 
horse  and  buggy,  costing  in  all  $4  iter  day,  can  pull  the  chain  and  set  off  200 
tanks  which  would  be  only  five  times  as  many  flushes  as  was  assumed  with  the 
ordinary  flushing  manhole.  This  would  make  the  cost  for  labor  i)er  flush  2 
cents.  The  number  of  semi-automatic  tanks  that  can  be  operated  in  a  day 
by  one  man,  are  dependent,  as  was  the  case  with  the  flushing  manhole,  on 
the  distance  between  tanks  and  the  time  consumed  in  operating  the  tank  Its^. 
With  the  semi-automatic  tank,  the  time  required  to  pull  up  the  chain  is  but 
a  fraction  of  a  minute,  as  contrasted  to  the  time  required  to  remove  a  manhole 
cover,  turn  on  the  water,  wait  till  the  tank  fills,  open  the  flap  valve  and  dis- 
charge the  tank  and  replace  the  cover,  as  is  the  case  with  fluridng  manhotoB. 

To  the  cost  of  2  cents  per  flush  for  labor,  must  be  added  as  before  the  fixed 
charges  against  the  apparatus.  The  first  cost  of  the  semi-automatic  tank  over 
and  above  the  first  cost  of  masonry  may  be  set  down,  as  was  tiie  case  with  the 
automatic  tank,  at  $30  at  10  per  cent,  so  that  the  fixed  charge  is  $3  per  year. 
The  fixed  charges  per  flush  depend  upon  the  number  of  times  per  year  the 
tanks  are  operated.  If  set  off  only  once,  it  will  be  $3  and  adding  in  the  cost  of 
the  labor  and  water,  the  total  cost  will  be  303  cents.  If  it  is  set  off  52  times 
a  year,  the  fixe<l  charges  will  be  5.77  cents  and  adding  water  and  labor,  the 
total  cost  wUl  be  8.77. 


SEWAOE  TREATMENT  80S 

the  first  column  of  Table  XXIII  la  set  down  the  Dumber  of  UniMiierTeai 
ing  !■  performed.  CoirespoiidlaK  to  tbese  trequendes,  are  nt  down  the 
lu  coetB  per  Bueb.  The  second  column  givea  the  cort  with  a  aeml- 
lutlc  tank;  when  fluahing  less  frequency  than  200  tLmee  a  year  the  tank 
od  operated  and  at  Iniquencles  greater  than  200,  the  tajik  la  opented 
r  automatically  or  by  hand,  the  cost  by  both  methods  being  giTen.  The 
with  flushing  manhole  and  other  methods  Is  also  given, 
der  practically  all  conditions  either  the  full  automatic  or  aeml-ai 
la  the  moat  economical  means  of  sewer  flushing.     These  flgurea  <a 


Pia.  0. — Method  ui  el«niiiii(  cat^hbAAm  with  auto-ednottv. 

dtject  to  maiket  price  ol  labor  In  any  particular  locality.  They  Indicate, 
var,  that  where  Hushing  la  to  be  perfonned  more  tban  IG  to  20  times  and 
cequentty  than  200  limes  a  year,  the  seml-aulomatlc  tank  Is  the  moat 
tnaiai  apparatus  to  use.  For  Hushing  at  laterrals  of  every  4B  or  24  houn 
ire  frequently  the  full  automatic  tank  la  adaptable,  and  la  the  moM 

it  of  Ctoaaiag  Sewer  Catchbaiias  with  an  Anto-Ednctai. — A  oatdBbaAl 
as  macblnn  working  im  the  hydraulic  ejector  principle  has  been  employed 
noeUeot  sueeeM  in  a  number  of  cities.  This  machine  was  Invented  by 
te  W.  Ottcnoo.  a  mining  engineer.  It  Is  known  as  the  auto-eductor. 
nsista  casenUally  <rf  a  pump  and  auction  device  attached  to  a  Kelly 
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especially  if  the  weather  is  warm,  will  give  off  a  certain  amount  d  odor,  but, 
if  first  air-dried  to  20  or  30  per  cent  moisture,  objectionable  odors  are  usually 
prevented. 

An  advantage  in  lignite  sludge,  besides  being  inodorous,  is  that  it  can  be 
utilized  by  burning  under  the  boiler,  and  experiments  by  W.  L.  Stevenson  at 
Philadlephia  show  that  by  the  addition  of  a  small  amount  of  combustible 
material  to  ordinary  air-dried  sludge  from  plain  sedimentation  there  will 
be  obtained  a  material  having  a  moderate  value  as  fuel. 

The  foregoing  remarks  have  been  confined  to  the  plate  type  of  press,  aft^i 
spoken  of  as  the  "Johnson"  filter  press,  this  having  been  almost  universally 
used  for  the  pressing  of  sewage  sludge  heretofore.  There  are,  however, 
several  other  more  recent  types  which  deserve  mention. 

The  Kelley  Filter  Press. — The  Kelley  Filter  Press  consists  of  a  steel  frame 
supporting  a  cylindrical  "press  shell"  at  one  end  and  a  carriage  for  inserting 
into  and  withdrawing  from  the  other  end  a  series  of  longitudinal  filter  leaves. 
Each  leaf  consists  of  a  horizontal  pipe  above  connected  to  a  similar  pipe  below 
by  a  mesh  of  double  crimped  No.  0. 105  gage  wire.  This  wire  mesh  enters  a  slot 
in  each  pipe  for  the  removal  of  the  filtrate,  to  which  it  is  strong^ 
riveted  or  welded.  A  bag  of  extra  heavy  twill  or  duck  is  drawn  over  each  leaf 
and  the  end  sewed  up  by  hand,  forming  the  filtering  medium.  The  leaves  are 
uniformly  spaced,  but  of  different  heights,  depending  on  their  position  with 
reference  to  the  press  shell. 

At  each  end  of  the  filter  carriage  are  plates  for  supporting  the  leaves,  one  of 
these  providing  the  head  of  the  press  shell  when  the  leaves  are  inserted.  By 
means  of  a  groove  in  the  head  plate  corresponding  to  an  annular  projection 
on  the  end  of  the  shell,  which  are  forced  together  on  a  gasket  and  held  by 
special  locking  mechanism,  all  leakage  during  operation  is  prevented. 

In  operation  the  carriage  and  leaves  are  inserted  in  the  shell  and  the  bead  is 
locked.  The  shell  is  then  filled  with  sludge  by  a  pipe,  while  the  air  is  released 
by  an  overfiow  valve  at  the  top.  This,  it  is  claimed,  takes  but  about  four 
minutes.  When  filled  the  overflow  valve  is  closed  and  about  40  lb.  pressure 
applied  to  the  sludge  pipe.  The  cake  forms  on  the  surface  of  the  bags  as  the 
filtrate  passes  through  and  is  carried  off  by  the  frame  pipes  and  drains. 

After  the  cake  is  built  up  the  sludge  supply  is  shut  off  and  compressed  air 
admitted  from  above,  displacing  the  remaining  wet  sludge  and  aiding  in 
drying  the  cake.  This  is  then  removed  from  the  bags  by  shaking,  by  loosening 
with  a  wooden  spade,  or  by  compressed  air  introduced  through  the  drainage 
pipes. 

The  following  data  are  taken  from  a  circular  of  the  manufacturer: 

Size  of  shell 30"  X  72"      40"  X  108"        48"  X  120" 

Capacity  of  shell — 

Cu.  ft 32  75  120 

Gal 240  560  900 

Number  of  leaves 4-9  &-8  6-10 

Filter  area,  sq.  ft 60-130  180-250  260-450 

•  Weight  of  cake  m  in.  thick 667  1 , 333  3, 383 

•  Average  weight  of  cake  in  tons  per 

24  hours S\<t-QH  131^26?^         33H-66H 

*  Assuming  weight  of  cake  66%  lb.  per  cu.  ft. 

The  economies  claimed  for  this  press  are  due  to  the  small  amount  of  labor 
required,  lack  of  wear  on  filter  cloths  and  the  avoidance  of  breakage  of  plates. 

The  Sweetland  Filter  Press. — This  consists  of  a  number  of  parallel  circular 
leaves  consisting  of  a  heavy  wire  screen  hung  from  a  casting  above.    Each 
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leaf  has  an  outlet  nipple  at  the  top  connecting  with  a  drainage  duct  in  the 
above  casting,  is  bound  by  a  stiff  U-shaped  frame  on  the  edge  and  covered  with 
suitable  canvas.  The  entire  series  of  leaves  is  enclosed  in  two  semi-cylindrical 
castings,  the  lower  of  which  can  be  swung  to  one  side  on  a  hinge. 

The  sludge  is  forced  in  through  a  channel  in  the  bottom  of  the  lower  casting 
and  flows  up  between  the  leaves  and  as  the  filtrate  passes  through  the  canvas 
and  out  through  the  drainage  duct  the  solids  form  a  cake  on  each  side  of 
every  leaf.  When  the  process  of  filtering  becomes  slow,  compressed  air  is 
introduced,  blowing  the  wet  sludge  in  the  bottom  of  the  cylinder  back  into 
the  storage  tank  and  drying  the  cakes.  The  lower  casting  is  then  swimg  to 
one  side  and  the  dewatered  sludge  drops  out,  aided  by  reversing  the  air  pres- 
sure through  the  leaves.  This  back  pressure  serves  as  well  to  keep  the  filter 
surfaces  clean.  The  operation  of  dumping  is  claimed  by  the  manufacturer 
to  occupy  but  from  8  to  20  minutes. 

In  a  press  of  this  kind  used  by  R.  W.  Pratt  at  the  Cleveland  Sewage  Testing 
Station  the  leaves  were  2  ft.  in  diameter.  The  average  moisture  in  the  wet 
sludge  was  about  86  per  cent  and  that  of  the  cake  between  62  and  76  l^er  cent. 
Mr.  Pratt  mentions  the  importance  of  keeping  the  cakes  from  adhering  to 
each  other  by  providing  sufficient  clearance.  Where  the  leaves  were  even  as 
much  as  3  in.  between  centers  no  cake  was  obtained  with  less  than  70  i)er 
cent  moisture,  and  it  was  concluded  that  there  should  be  a  clearance  of  not 
less  than  3  in.  nor  more  than  4^  in.  Pressures  of  from  30  to  35  lb.  were 
sufficient-^xcept  for  short  periods  at  the  end  of  the  run  when  as  much  as  50  lb. 
were  sometimes  used.  As  to  the  time  required  the  best  results  were  with  a  half 
hour  for  forming  the  cake,  ^i  hour  for  drying  or  1  )^  hours  for  the  entire  run. 

These  tests  were  mostly  with  Imhoff  sludl^e,  but  as  there  is  no  exposure  of 
the  sludge  to  the  air,  Mr.  Pratt  is  of  the  opinion  that  "  in  large  installations  the 
Sweetland  press  could  be  operated  without  odors  or  nuisance"  with  ordinary 
sludge. 

Results  of  Pressing  Imhoff  Slttdoe 

Condensed  from  Table  61,  Report  Sewage  Testing  Station,  Cleveland,  1914 

Number  of  leaves 16  16  14  14 

Spacing  center  to  center IW  3"  3"               AH" 

Number  of  runs  averaged 4  7  2                 4 

Time  in  hours: 

Pressing 94*  1.15  1.65t  .50 

Drying 12J^  .36  .SSf  .75 

Total 1.51              1.25 

Specific  gravity  of  raw  sludge 1. 06  1. 06  1.11  1. 07*t 

Per  cent  moisture: 

'  Raw  sludge 89  86  82               86 

Cake 68  72  75               64 

Pressure— lb.  per  sq.  in 53*t  43  43  42 

Lb.  cake  per  run 242*t  314  139  90 

•  Average  from  2  runs,     t  Result  from  1  run.      *t  Average  from  3  runs. 

The  Worthington  Filter  Press. — The  Worthington  or  "Berrigan"  press  has 
been  tried  out  in  particular  at  Milwaukee  in  connection  with  activated  sludge. 

The  sludge  is  placed  in  each  of  a  number  of  unbleached  muslin  bags  inclosed 
in  a  bag  of  special  fine  canvas.  The  bags  are  hung  vertically  between  two 
plates,  which,  being  drawn  together  by  means  of  a  toggle  joint,  squeeze  the 
superfluous  water  from  the  sludge  and  through  the  bags.  As  the  pressure 
continues,  the  motion,  which  is  automatically  controlled,  decreases,  but  the 
pressure  may  be  increased  very  greatly. 
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tgpedaJlj  it  the  weather  is  wann.  will  give  oO  a  certain  amount  of  odor,  but. 
if  first  air-dried  to  20  or  30  per  cent  moisture,  objecti(Hiable  odors  are  usually 
prevented. 

An  advantage  in  lignite  sludge,  besides  being  inodorous,  is  that  it  can  be 
utilized  by  burning  under  the  boiler,  and  experiments  by  W.  L.  Stevenson  at 
Philadlephia  show  that  by  the  addition  of  a  small  amount  of  combustible 
material  to  ordinary  air-dried  sludge  from  plain  sedimentation  there  will 
be  obtained  a  material  having  a  moderate  value  as  fuel. 

The  foregoing  remarl^s  have  been  confined  to  the  plate  type  ol  press,  atttsk 
spoken  at  as  the  "Johnson"  filter  press,  this  having  been  almost  universally 
used  for  the  pressing  of  sewage  sludge  heretofore.  There  are,  howevor, 
several  other  more  recent  types  which  deserve  menticm. 

The  KeUey  Filter  Press. — The  Kelley  Filter  Press  consists  of  a  steel  frame 
supporting  a  cylindrical  "press  shell"  at  one  end  and  a  carriage  for  inserting 
into  and  withdra^i^ing  from  the  other  end  a  series  of  longitudinal  filter  leaves. 
Each  leaf  consists  of  a  horizontal  pipe  above  connected  to  a  smilar  pipe  below 
by  a  mesh  of  double  crimped  No.  0. 105  gage  wire.  This  wire  mesh  enters  a  slot 
in  each  pipe  for  the  removal  of  the  filtrate,  to  which  it  is  strong^ 
riveted  or  welded.  A  bag  of  extra  heavy  t^ill  or  duck  is  drawn  over  eacdi  leaf 
and  the  end  sewed  up  by  hand,  forming  the  filtering  medium.  The  leaves  are 
uniformly  spaced,  but  of  different  heights,  depending  on  their  position  with 
reference  to  the  press  shell. 

At  each  end  of  the  filter  carriage  are  plates  for  supporting  the  leaves,  one  of 
these  providing  the  head  of  the  press  shell  when  the  leaves  are  inserted.  By 
means  of  a  groove  in  the  head  plate  corresponding  to  an  annular  projection 
on  the  end  of  the  shell,  which  are  forced  tc^^ther  on  a  gasket  and  held  by 
special  locking  mechanism,  all  leakage  during  operation  is  prevented. 

In  operation  the  carnage  and  leaves  are  inserted  in  the  shell  and  the  head  is 
loclced.  The  shell  is  then  filled  with  sludge  by  a  pipe,  while  the  air  is  rdeased 
by  an  overfiow  valve  at  the  top.  This,  it  is  claimed,  takes  but  about  four 
minutes.  When  filled  the  overfiow  valve  is  closed  and  about  40  lb.  pressure 
applied  to  the  sludge  pipe.  The  cake  forms  on  the  surface  of  the  bags  as  the 
filtrate  passes  through  and  is  carried  off  by  the  frame  pipes  and  drains. 

After  the  cake  is  built  up  the  sludge  supply  is  shut  off  and  compressed  air 
admitted  from  above,  displacing  the  remaining  wet  sludge  and  aiding  in 
drying  the  cake.     This  is  then  removed  from  the  bags  by  shaking,  by  loosening 
with  a  wooden  spade,  or  by  compressed  air  introduced  through  the  drainage. 
pipes. 

The  following  data  are  taken  from  a  circular  of  the  manufacturer: 

Size  of  shell 30"  X  72''      40"  X  108"        48"  X  I2fr 

Capacity  of  shell — 

Cu.  ft 32  75  120 

Gal 240  560  900 

Number  of  leaves 4-9  0-8  6-10 

Filter  area.  sq.  ft 60-130  180-250  260--i50 

•  Weight  of  cake  1»4  in.  thick 667  1 ,333  3,883 

•  Average  weight  of  cake  in  tons  per 

24  hours SMt-^H  13H-26?4         33H-66H 

•  Assuming  weight  of  cake  66%  lb.  per  cu.  ft. 

The  economies  claimed  for  this  press  are  due  to  the  small  amount  at  labor 
required,  lack  of  wear  on  filter  cloths  and  the  avoidance  of  brealcage  of  {dates. 

The  Stoeetland  FiUer  Press, — ^This  consists  of  a  number  of  parallel  dnnilar 
leaves  consisting  of  a  heavy  wire  screen  hung  from  a  casting  above.    Eadi 
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>af  has  an  outlet  nipple  at  the  top  connecting  with  a  drainage  duct  in  the 
bove  casting,  is  bound  by  a  stiff  U-shaped  frame  on  the  edge  and  oovered  with 
litable  canvas.  The  entire  series  of  leaves  is  enclosed  in  two  semi-QjdindiiAal 
istings,  the  lower  of  which  can  be  swung  to  one  side  on  a  hinge. 
The  sludge  is  forced  in  through  a  channel  in  the  bottom  of  the  lower  casting 
id  flows  up  between  the  leaves  and  as  the  filtrate  passes  through  the  canvaa 
id  out  through  the  drainage  duct  the  soUds  form  a  cake  on  each  side  of 
'^ery  leaf.  When  the  process  of  filtering  becomes  slow,  compressed  air  is 
troduced,  blowing  the  wet  sludge  in  the  bottom  of  the  cylinder  back  into 
le  storage  tank  and  drying  the  cakes.  The  lower  casting  is  then  swung  to 
le  side  and  the  dewatered  sludge  drops  out,  aided  by  reversing  the  air  pre»- 
re  through  the  leaves.  This  back  pressure  serves  as  w^  to  keep  the  flitear 
rfaces  clean.  The  operation  of  dumping  is  claimed  by  the  manufacturer 
occupy  but  from  8  to  20  minutes. 

In  a  press  of  this  kind  used  by  R.  W.  Pratt  at  the  Cleveland  Sewage  Testing 
at  ion  the  leaves  were  2  ft.  in  diameter.  The  average  moisture  in  the  wet 
idge  was  about  86  per  cent  and  that  of  the  cake  between  62  and  76  tier  cent. 
r.  Pratt  mentions  the  importance  of  keeping  the  cakes  from  adhering  to 
3h  other  by  providing  sufficient  clearance.  Where  the  leaves  were  erea  as 
ich  as  3  in.  between  centers  no  cake  was  obtained  with  less  than  70  pet 
It  moisture,  and  it  was  concluded  that  there  should  be  a  clearance  of  not 
3  than  3  in.  nor  more  than  AH  ia.  Pressures  of  from  30  to  35  lb.  were 
ficient-^xcept  for  short  periods  at  the  end  of  the  run  when  as  much  as  60  lb. 
re  sometimes  used.  As  to  the  time  required  the  best  results  were  with  a  half 
ir  for  forming  the  cake,  ^i  hour  for  drying  or  1  )^  hours  for  the  entire  run. 
These  tests  were  mostly  with  Imhoff  sludl^e,  but  as  there  is  no  expoiure  of 
i  sludge  to  the  air,  Mr.  Pratt  is  of  the  opinion  that  "  in  large  installations  the 
eetland  press  could  be  operated  without  odors  or  nidsance "  with  ordinary 
dge. 

Results  of  Pressing  Imhoff  Sludgb 

adensed  from  Table  61,  Report  Sewage  Testing  Station,  Cleveland,  1914 

mber  of  leaves 16  16  14  14 

icing  center  to  center U^"  3"  3"               4^" 

mber  of  runs  averaged 4  7  2                 4 

tie  in  hours: 

•rcBsing 94*  1.15  1.65t  .50 

)rying 12}r6  .  36  .  58t  .  75 

'otal 1.51              1.25 

cific  gravity  of  raw  sludge 1 .  06  1 .  06  1.11  1. 07»t 

cent  moisture: 

law  sludge 89  86  82               86 

!ake 68  72  75               64 

ssure— lb.  per  sq.  in 53't  43  43  42 

cake  per  run 242*t  314  139  90 

Average  from  2  runs,      f  Result  from  1  run.      *t  Average  from  3  runs. 

'he  Worthington  Filter  Press. — The  Worthington  or  "Berrigan"  press  has 
1  tried  out  in  particular  at  Milwaukee  in  connection  with  activated  sludge, 
he  sludge  is  placed  in  each  of  a  number  of  unbleached  muslin  bags  inclosed 
bag  of  special  fine  canvas.  The  bags  are  hung  vertically  between  two 
es,  which,  being  drawn  together  by  means  of  a  toggle  joint,  squeeze  the 
jrfluous  water  from  the  sludge  and  through  the  bags.  As  the  pressure 
inues,  the  motion,  which  is  automatically  controlled,  decreases,  but  the 
sure  may  be  increased  very  greatly. 
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The  plates  are  grooved  and  faced  with  wire  to  facilitate  drainage.  In  size 
they  are  manufactured  36  in.  by  48  in.,  72  in.  by  108  in.,  and  96  in.  by  120  in. 

The  Milwaukee  experiments  were  made  with  a  72-in.  by  108-in.  press  with 
10  bags.  The  sludge,  98  per  cent  or  99  per  cent  of  water,  is  first  concentrated 
to  96  or  97  per  cent.  The  best  way  to  accomplish  this,  whether  by  decanting 
the  supernatant  water  after  settling  from  1  to  3  hours  or  scraping  or  suckii^; 
up  the  deposited  sludge,  remains  to  be  settled.  It  is  a  material  factor  in  the 
economy  of  operation,  as  every  per  cent  reduction  means  a  large  saving  in  the 
volume  of  sludge  to  be  handled  and  consequently  in  the  cost  of  the  plant. 

The  concentrated  sludge  is  fed  into  the  bags  without  any  addition  of  lime 
and  then  subjected  to  a  pressure  gradually  increasing  to  about  60  lb.  per  square 
inch.  After  draining  the  pressure  is  released,  the  bags  are  lifted  out  and 
emptied  by  gravity.  They  keep  fairly  clean  in  this  way,  but,  if  sludge  adheres 
to  the  surface,  it  is  removed  by  a  jet  of  steam. 

The  Milwaukee  machine  will  produce  from  about  2,000,000  gal.  of  sewage 
a  ton  of  cake  1  in.  ttiick  per  run,  which,  by  further  drying  to  10  per  cent  mois- 
ture, wilt  yield  about  1,000  lb.  in  a  condition,  after  grinding,  to  be  used  as 
fertilizer,  for  which  it  is  said  to  be  particularly  well  adapted.  The  tim 
required  is  about  5  hours  per  operation,  so  that  the  above  press  will  produce 
some  5  tons  of  cake  per  24  hours  of  75  per  cent  moisture. 

One  laborer,  according  to  Mr.  T.  C.  Hat  ton.  Chief  Engineer  of  the  Mil- 
waukee Sewerage  Commission,  can  attend  to  5  presses,  so  that  the  cost  of 
attendance  is  low,  and  as  to  the  power  required,  the  designer,  Mr.  Berrigan, 
claims  that  a  15-h.p.  motor  will  suffice  for  5  machines. 

The  following  conclusions  were  based  upon  the  Milwaukee  experiments  ¥dtb 
activated  sludge:  "  Sludge  can  be  dewatered  satisfactorily  from  96  per  cent 
to  75  per  cent  moisture  by  either  a  plate  press  or  pressure  press  without  the 
addition  of  lime  or  other  base. 

"  The  filter  bags  used  in  the  presses  must  be  cleansed  frequently  to  maintain 
efficiency.  This  can  be  done  by  soaking  in  a  bath  of  dilute  caustic  soda 
and  hot  water. 

"  Sludge  after  pressing  can  be  stored  in  a  building  without  creating  offensive 
odors  more  than  50  ft.  away,  and  can  be  easily  handled." 

After  drying  (to  10  per  cent)  this  sludge  contains  from  4.5  to  5  per  cent 
of  ammonia,  for  which  there  is  ample  market  as  a  fertilizer. 

The  cost  of  a  press  such  as  has  been  described  complete  is  stated  to  be 
about  $4,000,  exclusive  of  overhead  charges,  to  which  should  be  added  $800 
for  an  accumulator,  or  $500  for  a  pump  of  capacity  to  serve  20  presses. 

An  estimate  of  the  cost  of  operation  is  given  by  Mr.  Hatton  in  the  R^x>rt  of 
the  Commission  for  1916,  as  follows,  based  upon  a  plant  capable  of  handling 
the  sludge  from  100,000,000  gal.  daily  of  sewage: 

Per  ton  of 
cake 

Labor  (3  shifts  of  8  hours) $1. 36 

Bags  (cleaning  and  upkeep) ,64 

Power .09 

ContinKencies .16 

Overhead  charges.  10  per  cent  of  cost 1. 21 

Total $8.46 

or,  since  1.000,000  gal.  daily  of  sewage  produces  >2  ton  of  cake,  the  ctmi  of 
pressing  is  about  $1.73  per  1,000,000  gal.  of  sewage.    ^ 
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caae  of  very  large  sewers,  the  sewage  Itself  mar  be  used  instead  of 
im  an  oulalde  source.  Here  a  plug  or  gate  is  put  in  the  outlet  and 
ming  sewage  allowed  to  dam  up  in  the  bottom  of  the  tank  or  manhole, 
^mail  head  has  been  accumulate  it  ia  allowed  to  flow  down  tlie  sewer, 
thod  of  Bushing  has  several  drawbacks,  (□)  The  unsanitary  cliaracter 
ork.  (b)  the  high  cost  of  labor,  <cl  ttie  time  required  for  the  sewage 
ii^ate,  and  (d)  since  the  head  can  be  built  up  it  is  limited  by  tlie  grade 
let  sewer,  a  low  flushing  velocity.  As  a  result  flushing  with  accumu- 
vage  is  only  employed  on  mains  of  large  size. 

FluiAiR(i. — In  flushing  by  hand,  several  methods  of  fllllng  can  be  used; 
leans  of  a  water  cart;  (2)  by  a  hose  connection  to  a  hydrant;  (3)  by  a 
nt  connection  from  the  water  main. 

ir  is  placed  in  the  outlet  ol  tlie  manhole  or  lank  and  if  it  la  not  a  dead 
Kwer  a  stopper  is  also  placed  in  the  inlet. 

the  tank  or  manhole  has  been  filled  by  the  water  from  the  carl,  from 
ection  to  tlie  hydrant  or  water  main,  it  is  shut  off,  the  plug  or  similar 
nee  removed  from  the  sewer  and  the  water  allowed  to  flush  it  out. 
uilte  and  Semi- Julomoiu  Fluthing. — In  flushing  by  means  of  auto- 
pparatus,  water  is  fed  tn  the  lank  by  a  i^ervice  pipe  fTtted  with  an 
e  tor  regulating  the  rate  of  feed,  and  discharged  by  some  form  of 
rhich  flushes  when  the  water  has  reached  a  predetermined  level  in  the 
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tank.  The  operation  of  the  siphon  is  entirely  automatic.  The  water  nay 
be  fed  to  the  tank  in  a  continuous  stream  of  such  volume  that  the  tank  filb 
and  discharges  entirely  automatically  at  predetermined  intervals  of  24  to  48 
hours,  etc.,  or  else  the  water  may  be  fed  only  when  desired  so  that  fliuhtng 
occurs  at  any  frequency  whatever.  In  the  first  case  a  regulator  controls  ibe 
feed  to  the  desired  rate,  and  in  the  second  case,  this  regulator  is  replaced  by  a 
cut-off  device  designed  to  permit  the  filling  only  when  opened  by  pulling  > 
chain.  The  flush  then  follows  automatically,  and  at  the  same  time  the  feed 
is  automatically  cut  off.  As  the  name  implies  with  automatic  flush  tanks 
no  labor  at  all  is  required.  With  the  use  of  the  cut-off  valve  to  i>erniit  semi- 
automatic flushing,  labor  is  necessary  but  it  is  merely  that  of  pulling  a  chain 
from  the  outside  of  the  tank  by  means  of  a  hook  passed  through  the  manhole 
cover. 

Cost  of  Flushing. — Three  items  go  to  make  up  the  cost  of  sewer  flushing 
(1)  Cost  of  water;  (2)  cost  of  labor;  (3)  fixed  charges  against  the  apparatus. 

Items  1  and  2  are  independent  of  the  frequency  of  flushing,  that  is,  whether 
flushing  is  performed  once  a  day  or  once  a  month,  the  cost  per  flush  for  water 
and  for  labor  are  practically  the  same.  This  is  not  true  of  item  3.  The  fixed 
charges  on  the  apparatus  include  interest  on  the  money  invested  and  sinking 
fund.  The  charge  per  flush,  therefore,  is  governed  by  the  frequency  with 
which  fiushing  is  performed,  the  interest  on  sewer  bonds  and  local  conditioiis. 

Assume  a  case  where  water  costs  3  cents  per  1,000  gals.,  and  that  the  amount 
of  flushing  water  required  is  333  gals.,  so  that  the  cost  per  flush  for  water  ia 
one  cent.  This  is  an  extremely  low  cost  for  water.  This  flgure  can  be  aa- 
sumed  here,  however,  as  the  same  cost  will  be  taken  in  each  method  of  fliiahing. 
Where  the  apparatus  used  for  flushing  wastes  water,  as  for  instance,  wbare 
poorly  operating  automatic  tanks  discharge  2  or  3,  or  more,  times  a  day,  when 
once  every  2  or  3  days  would  be  sufficient,  the  money  value  of  the  water 
wasted  will  add  up  to  a  large  amount  in  a  year. 

Flushing  With  Water  Cart. — Two  men  with  a  water  cart  can  flush  about  80 
tanks  per  day  and  the  cost  for  labor  is  as  follows: 

2  men  at  $2.00 $4. 00  | 

2  horses  and  cart  at  S J.OO 4. 00  i 

I 

Total  per  day $8. 00 

Labor  per  flush 40  cts. 

Water  per  flush 01  ct. 

Total 41  cts. 

To  this  must  be  added  the  fixed  charges  against  the  apparatus  used  fW 
flushing.  As  we  are  only  making  a  comparative  study  and  a  tank  or  manhole 
of  masonry  of  concrete  is  required  in  all  the  methods  considered,  we  can  eUmi- 
nate  charges  on  that  investment.  The  charges  against  the  investment  on  water 
carts  is  included  in  the  cost  for  horse  and  cart,  which  is  considered  as  rentaL 

Hosr  Connection. — Using  this  method  the  labor  to  handle  about  20  taaka 
would  be: 

2  men  at  $2.00 $4. 00 

1  horse,  host?  and  cart  at  $2.00 2. 00 

Total  per  day $6. 00 

Total  labor  per  flush SO  eta. 

Water  per  flush 01  ot. 

Total  cost  per  flush   31  eta. 
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'Ituhing  Manhole. — The  number  of  flushing  manholes  or  tanks  with 
»  valves  that  may  be  operated  in  a  day,  depends  laigdy  on  their  distcnoe 
n  one  another,  on  the  time  required  to  fill  them  and  on  the  rapidity  with 
ch  the  attendant  removes  and  replaces  manhole  covers,  etc.  A  special 
art  on  the  time  taken  to  operate  fliishing  manholes  in  a  laige  cfty  in  the 
th  shows  that  one  man  flushed  44  tanks  in  one  day. 
Lssume  as  an  average,  that  one  man  with  a  horse  and  wagon  can  attend 
ut  40  tanks  daily.  In  many  cases  a  horse  and  wagon  might  not  be  used, 
attendant  walking  or  riding  bicycle  from  tank  to  tank.  However,  as  it 
be  assumed  that  a  horse  and  wagon  are  also  employed  with  the  semi- 
omatic  tank  in  the  analysis  following,  it  is  consistent  to  set  down  that 
a  here.    The  cost  per  flush  would  then  be  made  up  of  the  following  itema: 

1  man $2. 00 

1  horse  and  wagon 2. 00 


Total  labor  per  day $4. 00 

Cost  for  labor  per  flush 10  cts. 

Cost  for  water 01  ct. 


Cost  per  flush  exclusive  of  fixed  charges , 


11  ots. 


'o  this  must  be  added  the  flxed  charges  on  the  investment  for  the  water 
nection  and  the  lift  valve.  Assuming  $15  as  the  first  cost  for  the  water 
nection  and  flap  valve,  the  fixed  charges  at  10  per  cent  -■  $1.50  per. year. 
i  flxed  charge  per  flush  depends  upon  the  frequency  of  flushing.  We  will 
t  consider  a  frequency  of  365  flushes  per  year.  The  cost  per  flusAi  for  vari- 
frequencies  from  1  to  365  times  per  year  is  given  by  Table  XXIII. 

tLE  XXIII. — Cost  of  Flushing  in  Cents  Pbr  Flush,  whsn  FLUSHiNa 

AT    FbBQUSNCIES    FROM    1    TO    365    TiMBS    A    YSAB 


Cost  per 

Cost  per 

nber  of 

flush   with 

flush  with 

Cost  per 

les  per 

Hand 

flushing 

hose  con- 

flush with 

^ear 

operated  • 

Automatic* 

manhole 

nections 

cart 

cents 

cents 

cents 

cents 

cents 

1 

303.00 

•   ■    •    • 

261.0 

31.0 

41.0 

25 

15.00 

•    •    ■    • 

17.0 

31.0 

41.0 

50 

9.00 

.... 

14.0 

31.0 

41.0 

100 

6.00 

.... 

12.5 

31.0 

41.0 

150 

5.00 

12.00 

31.0 

41.0 

JOO 

4.50 

2.50 

11.75 

31.0 

41.0 

J50 

4.20 

2.20 

11.60 

31.0 

41.0 

100 

4.00 

2.00 

11.50 

31.0 

41.0 

•65 

3.82 

1.82 

11.41 

31.0 

41.0 

ZJost  per 

flush  with  semi-automatic  tank. 

►r  flushing  365  times 

J  a  year  the 

flxed  charge  is  -  -gg.    « 

.41  cents  an< 

omplete  cost  is  as  follows: 

Labor  per  flush 10. 00  cts. 

Water  per  flush 1 .  00  cts. 

Fixed  charges 41  cts. 


tal  cost  per  flush  (flushing  365  times  per  year) 11.41  cts. 

iotnatic  Fluth  Tanks. — With  this  method,  the  cost  of  water  per  flush  is 
fore,  one  cent.  The  cost  for  labor  is  zero.  The  flxed  charges  on  the 
ng  siphon  are  dependent  upon  its  first  cost,  the  life  of  the  apparatus  and 
alue  of  money.    The  investment  for  an  automatic  siphon  and  regulator 
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as  installed  would  be  about  $30.  Setting  down  yearly  fixed  chaiges  at  10  per 
cent  as  before,  we  have  the  fixed  charge  per  tank  as  $3.00  and  for  flushing  865 
times  per  year,  .82  cents  per  flush.    The  total  cost  per  flush  is  then: 

Labor 00  ote. 

Water 1.00  ots. 

Fixed  charges 82  cts. 

1.82  Ota. 

Table  XXIV  summarizes  the  cost  of  various  methods  of  fluahing  at  a  f»- 
quency  of  365  times  a  year. 

Tablb  XXIV. — Cost  of  Flubhino,  in  Cents  Pbb  Flush,  at  a  Frsqubnct  or 

365  Times  a  Year 

Fixed  charges 
per  flush, 
Water  cost       365  flushes    Labor  cost  Total  o«t 
per  flush,  per  year,       par  flush,      per  fliidb, 

Method  of  flushing  cents  cents  cents  oents 

Water  cart 1  0  40.0  41.0 

Hose  connection 1  0  30. 0  81.0 

Flushing  manhole 1  .41  10. 0  11.41 

Automatic  flush  tank 1  .82  0. 0  1.82 

*  For  the  purpose  of  comparison  fixed  charges  against  the  masonry  tank  or 
manhole  can  be  neglected  and  with  the  flushing  manhole  and  automatio  taol^ 
10  per  cent  of  the  cost  of  the  apparatus  are  set  down  for  interest  sinking  fund  smI 
mamtenance. 

Semi-AtUomatic  Fluzh  Tanks. — We  have  now  to  consider  the  cases  when 
flushing  is  required  less  frequently,  once  or  twice  a  week  or  less.  Under  these 
circumstances,  the  semi-automatic  tank  is  the  most  economical  method  of 
flushing.  Furthermore,  this  type  of  tank  can  be  used  when  desired,  as  a  fuQ 
automatic  tank,  flushing  at  frequent  periods  or  less  frequently,  the  only  labor 
required  for  flushing  in  this  maimer  being  the  pulling  of  a  chain  from  the 
outside  of  the  manhole. 

The  cost  for  water  is  again,  one  cent  per  flush.  As  to  labor — a  man  with  a 
horse  and  buggy,  costing  in  all  $4  per  day,  can  pull  the  chain  and  set  off  200 
tanks  which  would  be  only  flve  times  as  many  flushes  as  was  assumed  with  the 
ordinary  flushing  manhole.  This  would  make  the  cost  for  labor  per  flush  2 
cents.  The  number  of  semi-automatic  tanks  that  can  be  operated  In  a  day 
by  one  man,  are  dependent,  as  was  the  case  with  the  flushing  manhole,  OQ 
the  distance  between  tanks  and  the  time  consumed  in  operating  the  tank  itself. 
With  the  semi-automatic  tank,  the  time  required  to  pull  up  the  chain  is  but 
a  fraction  of  a  minute,  as  contrasted  to  the  time  required  to  remove  a  manhole 
cover,  turn  on  the  water,  wait  till  the  tank  fills,  open  the  flap  valve  and  dif- 
charge  the  tank  and  replace  the  cover,  as  is  the  case  with  fluidiing  manholei. 

To  the  cost  of  2  cents  per  flush  for  labor,  must  be  added  as  before  the  fixed 
charges  against  the  apparatus.  The  first  cost  of  the  semi-automatic  tank  over 
and  above  the  first  cost  of  masonry  may  be  set  down,  as  was  the  case  with  ttie 
automatic  tank,  at  $30  at  10  per  cent,  so  that  the  fixed  charge  is  $3  per  year. 
The  fixed  charges  per  flush  dei>end  upon  the  number  of  times  per  year  the 
tanks  are  operated.  If  set  off  only  once,  it  will  be  $3  and  adding  in  the  cost  of 
the  labor  and  water,  the  total  cost  will  be  303  cents.  If  it  is  set  off  62  thnes 
a  year,  the  fixed  charges  will  be  6.77  cents  and  adding  water  and  labor,  the 
total  cost  wUl  be  8.77. 
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Ite  first  column  of  Table  XXUI  Is  set  doimtliemiiiibeT  of  ttmea  par  jear 
g  la  peiformed.  Coneapondlng  to  these  fiequendee,  vn  nt  down  the 
3  cotts  per  flu^.  Tbe  secoiid  column  elves  the  cost  with  >  Bcml- 
Mlc  tank;  when  flushing  less  frequency  thsu  200  tlmM  a  Tear  4U  taok 
1  operated  and  at  frequencies  greater  tban  300,  the  tank  Is  opentsd 
automatically  or  by  haod.  the  cost  by  both  methods  being  given.  The 
Ith  Suahlng  manhole  and  other  methods  la  also  given, 
er  practically  all  conditions  either  tbe  full  automatic  «-  aeml-automatlB 
the  moat  economical  meana  of  sewer  flushing.    Then  Dgures  of  oouns 


iject  to  market  price  of  labor  in  any  particular  locality.  They  IndkMe, 
jr,  that  where  fluahing  la  to  be  performed  more  than  16  to  20  times  and 
iquently  than  200  times  a  year,  the  seml-automallc  tank  Is  the  moat 
i^ial  apparatus  to  use.  For  flushing  at  intervals  of  every  48  or  24  houn 
«  frequently  tbe  full  automatic  tank  Is  adaptable,  uid  Is  the  meet 
ileal. 

of  Cleaning  Sewei  Catchbisias  with  aa  Aulo-Bductor. — A  oatdibaahi 
g  machine  working  on  the  hydraulic  ejector  principle  has  been  employed 
ECellent  success  In  a  number  of  citlea.  Tbls  machine  was  Invented  by 
I  W.  Ottefson.  a  mining  engineer.  It  la  icnown  aa  the  a 
rista  esseatlally  of  a  pump  and  suction  device  at 
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Springfield  motor  truck.  The  suction  device  is  a  4-in.  telescopic  pipe  coo- 
nected  at  its  lower  end  with  a  3-in.  pipe  leading  from  the  dischaige  of  a  4-in. 
American  centrifugal  pump.  A  1-in.  nozzle  from  the  3-in.  pipe  is  led  into  the 
4-in.  pipe  and  turned  upward,  thus  throwing  the  stream  of  water  at  high  veloe- 
ity  through  a  contracted  throat,  creating  a  vacuum  and  causing  suction.  The 
pump  is  driven  from  a  power  take-off  on  the  driving  shaft  of  the  truck.  The 
inlet  valve  on  the  pump  suction  is  attached  to  an  opening  in  the  bottom  of  the 
truck  body.  This  truck  body  is  a  water-tight  steel  box  equipped  with  baffle 
plates  so  arranged  as  to  hasten  the  settling  oi  solid  matter  in  the  refuse  taken 
from  the  catchbasin. 

In  beginning  operations,  the  body  is  partly  filled  with  water.  The  tele- 
scopic pipe  is  lowered  until  it  rests  on  the  deposits  in  the  basin  and  the  pump  is 
started,  drawing  water  from  the  truck  body  and  discharging  it  through  the 
1-in.  nozzle  at  40  lb.  to  50  lb.  pressure  into  the  large  pipe.  The  refuse  is 
carried  up  the  4-in.  pipe  and  discharged  into  the  truck.  The  solid  matter 
settles  and  the  water  comes  back  through  the  inlet  valve  to  the  pump. 

Coat  Data  on  Catchbaain  Cleaning  with  the  Auto-EdtuAor. — The  sewer  dean- 
ing  division  of  the  Bureau  of  Sewers  of  Chicago  began  using  this  ma<diine  in 
1017.  The  following  figures  compiled  from  reports  on  file  in  the  Bureau  of 
Sewers  show  the  cost  of  operating  one  machine  for  August,  September  and 
October: 


• 


I^abor — 

1  chauffeur,  3  months,  at  $115 $     345. 00 

1  laborer  in  charge  of  auto  crew,  2  months,  at  S3.60  per  day 176. 78 

1  laborer  in  charge  of  auto  crew,  1  month,  at  $4.60  per  day 112.95 

1  laborer,  3  months,  at  $3.30  per  day 243.08 

Total  labor $     877.81 

Materials,  Depreciation,  Etc. — 

Repairs,  gasoline,  oil,  etc $     308. 08 

Interest  at  4  per  cent  on  $7,000  (cost  of  eductor) 70.00 

Depreciation  at  10  ct.  per  mile  for  1,380  miles 138. 00 

Total  materials,  etc $     516. 08 

Grand  total 1 ,393. 89 

The  average  cost  per  catchbasin  cleaned  was  $1,290;  the  average  cost  per 
cubic  yard  material  removed  was  70  cts.  The  average  cost  of  cleaning  catch- 
basins  by  hand  methods  during  the  past  4  years  has  been  $3.24  each. 

During  three  months  the  machine  cleaned  1,073  sewer  catchbasips.  The 
total  mileage  of  streets  traversed  was  1,073  and  the  total  yardage  of  material 
removed  from  catchbasins  was  1,763  cu.  yd.  The  machine  had  a  5-yd.body 
mounted  on  a  5-ton  truck  body. 

The  city  of  Louisville,  Ky.,  began  cleaning  its  catchbasins  with  an  auto- 
eductor  early  last  year.  During  the  period  from  Jan.  17  to  Dec  31, 1917,  the 
machine  was  in  operation  265  days.  In  this  time  it  cleaned  6.388  basins,  at 
a  total  cost  of  $4,573  or  84.8  ct.  per  basin.  The  total  cost  figure  is  made  up  of 
$3,327  for  wages  of  driver  and  two  laborers,  gasqline,  oil,  etc.,  and  $1,246  fOE 
depreciation  at  the  rate  of  20  per  cent  per  annum.  The  aYerag«  cost  of 
cleaning  the  basins  in  1016  by  hand  methods  was  $3.40  per  baflln. 

Cost  of  Cleaning  Catchbasins  at  Cambridge,  Mass. — Cost  data  an  <deaii- 
ing  catchbasins  by  the  Sewer  Department  of  Cambridge,  Mafls.,  are  gtvcn 


Hi  umiul  report  of  L 
the  period  190S-I016 
Ing,  ae  follows: 


ridge.  Masa.,  tor  the  pi 
rial  from  the  b&slns  la 
□d  shut  hy  a  piston  aii< 
impressed  air  at  e,  prei 
Journal  of  the  Boston 
!  costs  on  catchbaain  { 
rom  which  Engineering 
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Bt  Hobse  Cabts 

5    to    6    loads    daily    average    5^    loads,     1  1/6    cu.    yd.    per    IomL 

1. 16  X  5. 6  loads  X  6  days 32. 0  cu.  yd. 

1. 16  X  5.  5  loads  X  H  day  Saturday 3. 2  cu.  yd. 

I  35.  2  cu.  yd.  weekly 

or  5.86  cu.  yd.  daily  average. 

Labor,  4  men,  at  $3.25 $       13. 00 

2  horses,  at  $1.50 3.00 

$16. 00  per  day 

Interest,  $575  X  2,  at  4  per  cent $      46. 00 

Depreciation,  $575  X  2,  at  15  per  cent 172.  50 

Yearly  overhead $     218.  50 

$    -  .87 

Working  days 250 

Cost  per  day $16. 87 

$16.87  -J-  5.86  »  $2.88  per  cu.  yd. 


flccordsncfl  with  the  date  above  equale  ^-^^  X  100 

The  time  required  (or  loadioE  ia  thus  6.1  hours.     If  the  m 
lomdingone  2-toa  wagoQ  will  b«  i4.57  aad  the  t 


;r!rtM«« 


(»2.28) 3.28 

rtae  aoaly^  cui  be  applied  to  tbe  loading  of  ashea,  rubbish,  mlied  reTuee 
any  refuse  mateTial,  if  the  proper  unit  quaotitles  aDd  basic  data  be  first 
«nnlned.  Tbe  coat  per  ton  for  loading  other  refuse  materials  In  accordonoe 
b  aaaumed  data  will  be  as  follows: 

Cort  of  load- 
Material!  ii«  per  ton 

lies W.41B 

bbiab 2-82 
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Motor  Trucks. — The  cost  of  loading  a  motor  truck  can  be  studied  in  a 
Rimilar  way.  The  cost  of  operation  will  be  greater  per  hour  and  the  rate  of 
loading  will  have  to  be  increased  proportionately  to  make  the  cost*  comparable 
with  loading  a  team  drawn  wagon.  The  cost  of  haul  by  motor  truck  will  be 
leas. 

The  use  of  motor  trucks  in  refuse  collection  service  will  increase.  A  rela- 
tively high  loading  cost  can  be  reduced  by  limiting  the  motor  truck  to  trans- 
portation after  the  loading  of  the  wagons  by  the  so-called  traction  and  trailer 
system  now  being  tried  on  a  large  scale  in  New  York  City  and  used  in  quite  a 
number  of  European  cities. 

Hauling. — The  refuse  material  loaded  in  the  collection  wagon  must  be 
hauled  to  the  transfer  station  or  place  for  final  disposal.  This  will  be  done  by 
horse-drawn  vehicle  or  by  motor.  The  length  of  haul  will  be  from  the  point  of 
last  collection  to  the  place  of  final  delivery.  This  distance  or  haul  must  be 
covered  twice  for  each  complete  load. 

The  cost  of  haul  will  depend  on  the  rate  of  travel,  the  weight  of  the  load  and 
the  cost  of  the  team  and  the  driver,  or  motor  and  mechanic.  The  cost  of 
team  haul  may  be  analyzed  as  follows: 

Assumed :  Per  hour 

Rates  of  travel,  miles 3.0 

Cost  of  outfit to.  76 

Cost  per  mile  of  travel 0. 25 

Cost  per  mile  of  haul 0. 50 

Cost  per  ton-mile  haul  with  a  2-ton  load 0. 25 

The  cost  of  haul  by  gasoline  or  motor  truck  may  be  analyzed  as  follows: 

Assumed :  Per  hour 

Rate  of  travel,  miles 6. 0 

Cost  of  outfit $2. 40 

Cost  per  mile  of  travel 0. 40 

Cost  per  mile  of  haul 0. 80 

Coat  per  ton-mile  haul  with  a  5-ton  load 0. 16 

The  rate  of  travel  will  vary  considerably  from  different  sections  of  a  large 
city,  being  slower  through  streets  congested  with  a  large  volume  of  traflBc. 
In  such  districts,  collection  work  should  be  done  at  night  or  during  the  early 
morning  hours. 

Transfer  Stations. — The  oi>eration  of  transfer  stations  should  also  be  con- 
sidered as  a  part  of  the  cost  of  transportation.  A  transfer  station  to  handle 
600  cu.  yds.  a  day,  or  375  tons,  may  cost,  depending  upon  tjrpe  of  building  and 
local  conditions,  about  S50,000,  including  land  in  a  fairly  weU-built  up  section. 

The  annual  cost  of  operation  may  be  estimated  as  follows: 

Interest  at  5  per  cent $  2, 500 

Depreciation  of  plant 1 ,  260 

Labor: 

1  foreman 1 ,  200 

4  laborers 8,600 

Repairs  and  supplies 2,500 

Total $10,800 

This  is  equivalent  to  a  cost  of  9.4  cts.  per  ton. 

Cost  of  Transportation. — The  cost  of  transportation  of  refuse  from  the  tnos- 
fer  station  to  the  place  of  final  disposal  depends  upon  the  method  used.  Hm 
cost  for  several  methods  is  discussed  below. 

Trolley  Transportation. — Assume  a  typical  transfer  station  leoelyiiig  600 
cu.  yds.  of  refuse  material  per  day.    Assume  trains  to  be  madeoip  of  one  molor 


GARBAGE  Dl 

which  carries  no  load  and  two  trailers.    , 

acity  of  26  cu.  yds.    To  mov( 

place  of  disposal  be  so  locatea  iiiab  encu  i 

trains  will  be  required.    Assume  that  1       b  ^.«*        .-au  « 

Qs.     The  daily  cost  of  operation  will  theu  ue: 

ior  cost,  three  at  $25 

ilers,  twelve  at  $6 

Total 

the  600  cu.  yds.  of  refuse  weigh  375  tons,  the  cost  of  trolley  ti 

be  40  cts.  per  ton. 

irge  Transportation. — A  good,  serviceable  tug  will  cost  about 

:  scows  about  $7,000  apiece.     The  annual  cost  of  operating  a  uw«, 

tllows: 

• 
ual  cost  of  tug: 

terest  at  5  per  cent $ 

spreciation  on  16-year  life 

.bor: 

Captain 

Engineer 

Fireman 1 

Declc  hands 1 

ipairs ... 

lel 

pplies 

surance 

Total 

lal  cost  of  barge: 

terest  at  5  per  cent   $     360 

tpreciation 324 

tck  hands 1 ,  800 

$2,474 
me  that  1  tug  serves  4  barges   9 ,  896 

tal  annual  cost  of  fleet .• $26, 686 

3ach  barge  makes  one  trip  per  day,  carrying  100  tons  of  refuse,  the  cost  per 
mounts  to  22  cts. 

like  manner  the  elements  of  cost  can  be  determined  for  other  methods  of 
portation. 

am  Railroad  Transportation. — The  cost  of  transportation  by  steam  rail- 
depends  principally  upon  the  switching  charges.     These  will  range  from 
$15  per  car.    A  car  will  hold  about  40  tons  of  garbage,  so  that  the  switch- 
large  will  average  about  20  cts.  per  ton. 

lilable  Collection  Coats. — Actual  cost  data  should  be  studied  to  check  the 
estimated  above,  but  these  are  not  available  for  a  large  number  of  cities. 
osts  for  collection  service  are  generally  recorded  to  include  both  loading 
lauling  in  one  figure,  while  costs  of  transportation  are  frequently  given 
itely.  The  cost  data  for  some  cities  in  which  the  itemized  cost  of  col- 
a  is  available  have  been  summarized  in  Table  I. 

4iaoo  Data. — Jacobs  and  Senfield  have  made  a  careful  analysis  of  the  cost 
lecting  garbage,  and  ashes,  and  rubbish  in  Chicago.  These  data  are 
Qed  in  excellent  detail  and  accuracy.  The  average  cost  for  the  five 
—1908  to  1912 — are  given  hi  Table  II. 
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:  made  fire 

e  poorer  showing  of  the  truck  on  house-to-house  collectl(»i  vaa  attrl- 
I  to  the  time  Bpenl  In  loading.  Although  (our  helpers  were  provided  the 
so  spent  represented  more  than  one-half  the  total  time.  The  lime  speot 
vellns  to  and  from  the  dump  wiis  only  one-Bfththe  total  time.  On  relay 
,  however,  the  loading  time  was  only  35  per  cent  of  the  total  time, 
e  l-horsecart  outfit  cost  *4.32  per  day.  The  total  d^y  cost  of  operating 
-uck  was  113.70.  distributed  as  foUows: 

Total         Per  cent 
71  coat  of  total 


B,  labor,  materials,  tires.  ■ 
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The  New  York  Department  of  Street  Cleaning  has  used  large  tractor- 
trailer  motor  propelled  collection  units  to  some  extent.  These  are  giant 
outfits  hauling  25  cu.  yd.  of  refuse  per  load.  Collections  of  ashes,  rubbish 
and  garbage  are  made  simultaneously,  but  in  separate  compartments.  The 
average  haul  is  about  IH  miles.  Special  equipment  is  provided  for  unloading 
the  refuse  onto  scows.  The  principal  factor  tending  to  produce  economy 
from  the  collection  standpoint  is  the  fact  that  all  refuse  is  dumped  at  a  conuncm 
point  of  disposal.  For  this  reason  all  refuse  may  be  collected  at  one  time  by 
providing  separate  refuse  compartments  on  the  collection  vehicles. 

In  Philadelphia  a  part  of  the  collection  equipment  has  been  motorized. 
Five-ton  trucks  equipped  with  12-yd.  bodies  have  proven  economical  in 
the  collection  of  ashes  and  rubbish  from  sections  where  the  haul  to  the  dump 
averages  6  miles. 

In  a  report  by  the  Efficiency  Division  of  the  Chicago  Civil  Service  Commis- 
sion made  public  in  July,  1915,  it  is  stated  that  after  a  thorough  study  of  the 
question  of  motorizing  Chicago's  collection  equipment  the  continued  use  of 
horses  in  garbage  collection  was  found  to  be  justified.  The  report  states  that 
the  data  assembled  for  gas  and  electric  trucks  warrant  their  adoption  only  for 
hauling  after  horse-drawn  carts  have  made  the  house-to-house  collection. 
These  figures  are  based  on  a  $5.50  daily  wage  per  team.  If  the  cost  of 
teaming  were  increased  to  $6  per  day,  it  is  stated  that  there  would  be  a  slight 
saving  by  using  motor  equipment,  but  this  would  not  be  sufficient  to  warrant 
the  change  at  least  for  some  time  to  come.  The  report  states  that  the  haul  in 
Chicago  varies  from  IK  to  5  miles.  As  between  the  gasoline  and  electric 
trucks,  the  latter  were  found  to  be  the  more  economical.  The  haul  below 
which  a  3-ton  electric  truck  would  not  be  economical  when  measured  against 
a  $5.50  team  was  found  to  be  1.8  miles.  Against  a  $6  team  it  was  0.8  mile. 
Three-ton  gasoline  trucks  were  found  to  be  not  as  economical  as  either  a 
$5.50  or  $6  team. 

The  fixed  and  mileage  charges  for  gasoline  and  electric  trucks  were  as 
follows: 

Total    coBt 

Item  Gasoline        Electric 

First  cost  of  3-ton  truck  or  tractor $4,000.00     $       4,000 

Fixed  charges: 

Fixed     charges     on     investment    per    year    at 

4     per    cent.  160.00  160.00 

Garage 300. 00  300. 00 

Insurance  (fire  and  liability) 190. 00  183.00 

State  license 4.00  4.00 

Driver 960.00  960.00 

Obsolescence,  5  per  cent 200. 00  200. 00 

Contingencies  (interest  on  operating  stores,  general 

superintendence,  etc.),  2  per  cent 80. 00  80.00 

Total  fixed  charges  per  year $1,894.00     $1,887.00 

Total  fixed  charges  per  day  (Ho 0  y^ar) 6.31  6.29 

Variable  expenses  per  mil<': 

Depreciation $  0. 0573     $     0. 0346 

Tires .  0600  .  0600 

Maintenance  and  repuirb .  0300  .  0900 

Lubrication  (oil  and  grease)    .0060  .OOJSO 

Energy  (gasoline  13H  ft.  per  gui.,  electricity  ^  et. 

per  kw.  hour) 0344  .OOM 

Total  variable  expense  per  mile $     0. 1767     $     0. 1840 


ue/ 15.000  lailea) 

25  pt.  (3  milai  per  ml.  1 
ml  (54  miles  per  gal. )  . 

mriable  charges. 

■OBtTwrmile 

■OBlptrday 

IS  per  wnt  of  first  «oat . 
is  tvoportioD&l  directly 
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The  New  York  Department  of  Street  Cleaning  has  used  la^         ^gnvel 
trailer  motor  propelled  collection  units  to  some  extent.    Th  jximately 

outfits  hauling  25  cu.  yd.  of  refuse  per  load.    Coiiections  c'         ^  hauled  an 
and  garbage  are  made  simultaneously,  but  In  separate  co'  ually  divided 

average  haul  is  about  IH  miles.    Special  equipment  is  p*  ,     The  average 

the  refuse  onto  scows.     The  principal  factor  tendir  ^^^  distributed 

from  the  collection  standpoint  is  the  fact  that  alirefv 
point  of  (iisposjil.     For  this  reason  all  refuse  ma-  Per  cent 

pro vi< ling  separate  refuse  compartments  <m  th-  •  <*^*^  *^***       °'  ^° 

In  Philarlelphia  a  part  of  the  collection  *    303. 25  18. 1 

Five- ton   trucks  equipped  with   12-yd.  154!93  9.3 

the  collection  of  ashes  and  rubbish  fror  ...  21 .  06  1.3 

averages  6  miles  ^1; ?3  ?3.\ 

In  a  report  by  the  Efflcieiicy  uv-  394  qq         23. 6 

sion  made  public  in  July,  1915, '  

question  of  motorizing  Chics-  $1,671.22        100.0 

horses  in  garbage  «rilectioD  .^  ^^^^^.^  ^..^  ^  -_^^^  ^,^^1,  ^^^ng 

the  data  ^mbled for  gr  ...^"^"^a  ^osts.  The  truck  hauled  an  aggregate 
hauling  after  hors^r  .,..^^j^^^  ^aul  being 4 H  miles. 
These  figures  are  b  .  ;^.^^  rfie*  ^^^  ^^^j.  ^^^^^  ^..^.^g^  ^^^  conditions  on 
teandng  were  incr  -^  ^^,^  ^3^^  ^^.^^  ^  considerable  period  of  time  was  found 
^I^.nL"f?"^  .->?;itocludes  all  cost  of  upkeep,  supplies,  depreciation. 
CWc^T.  .'  ^-'^-  J  tS  first  cost  of  the  truck  was  placed  at  $3,500  and 
UuckT*  ^  ^.P'^^^iiuming  that  the  truck  traveled  25  miles  per  day.  Ga.-^ 
whk* '  *''^^"*'tS  ^  16  cts  per  gallon  and  the  driver's  salary  was  $960  per 
a  $5  '•'•'>-- z^'***!*  good  and  operating  conditions  generally  very  favorable. 

-~  />• "  Bo^^^^oT  the  estimated  life  of  10  years)  follows: 

$'  itf"^^'^^  ^°®*  P*""        ^*'  *^"* 

Total  coet  day  of  total 

uet»  ....      8  1.3o0  $0.45  5.0 

_^rtii«*;  V  ^« 380  .13  1.4 

^«r^e„t;::::::::::::::::.     2.100        .jo        ^.s 
isSSSSSn;;  •::::::  .ig        .u         1.5 

SriSe^tie^per^^^^^^  2.400  .80  8.9 

2?^'*nJf^*firetcoBti                               2.345  .78  8.7 

3?^.r^«?ala?y                          9-''00  3.20  35.5 

^/*>?n«nr.p  3.2.50  1.08  12.0 

>Iaintenance _______           

Totalfor  life  of  truck  $.'7,050  $9.02  100.0 

The  first  cost  of  a  truck  with  a  collKtion  bo<ly  wouUl  be  somewhat  higher 
than  is  here  given.     As  u  matter  of  fact,  the  city  of  Rochester  awarded  a 
contract  to  the  Selden  Motor  Vehicle  Co.  in  December,  1917.  for  two  3>2-ton 
trucks  each  equipped  with  a  special  O-yd.  collection  body  at  $5,031  each. 
Other  costs  also  have  increased  proportionately  -since  the  above  estimate  was 
inade      It  is  believed,  howev.-r.  that  a  competent  driver  could  be  employed  at 
les.^  than  8960.      It  .should  be  possibUf  to  employ  a  truck  driver  at  $900  annu- 
allv  if  he  were  given  pennunerit  employment.     Also  interest  rates  on  the  invest- 
ment should  not  amount  to  more  than  o  i.er  cent.     The  life  of  a  truck  used  in 
hoase-to-house  collection  work  would  probably  not  be  as  long  as  in  otiier 
work  due  to  freqm-nt  sturtine:.  .-^topping  and  generally  hard  usage.     A  life  of 
5  vears  with  a  dailv  average  mileage  of  25  miles  would  seem  to  be  a  fair  estl- 
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^.  for  the  useful  service  derived  from  the  truck.    At  the  end  of  that  time 
♦imated  scrap  value  would  be  $500.    With  these  data  the  following  esti- 
^  made  of  the  daily  cost  of  operating  a  truck  in  ash  collection. 

<^  -»  Daily  Cost  of  Operation  of  a  SH-ton  Motor  Truck  in  Refuse 

r"  Collection 

■S  Total  daily      Per  cent 

cost  of  total 

First    cost,    $5,031.35,    life    5    years, 

500 $0.45  3.5 

:                                       ity  $120,  fire  $45  per  year) 56  4.3 

30  2.4 

ar) 3.00  23.6 

•^*                    f".                annually) .84  6.6 

*  ■  (same  organization  as  for  city 

^                                           40  8.2 

iharges $5. 54  43. 6 

Per  day  Per  cent 

.c  charges:                                                  Per  mile  at  25  miles  of  total 
epreciation:  First  cost  $5,031.35,  life 

5  years,  scrap  value  $500 $0.  1027  $  2. 57  20.  2 

Gasoline   at   22   ct.    gal.    (3   miles   per 

gaUon) 0733  1.83  14.4 

Lubricants  (oil,  grease,  waste) .  0100  .26  2.0 

Tires 0500  1.26  9.9 

Repairs  and  sundries .  0500  1 .  25  9.9 

Total  variable  charges $0.  2860  $7.15  56. 4 

Total  fixed  charges  at  25  mile  per  day  .2216  5.  54  43 .  6 

Total  daily  cost  of  operation $0.  6076  $12.  69  100. 0 

It  is  assumed  that  a  certain  small  amount  of  depreciation  is  due  directly 
to  the  passage  of  time.  In  the  estimate,  therefore,  15  per  cent  of  the  total 
depreciation  is  included  as  a  fixed  charge  and  distributed  over  1,500  days,  the 
estimated  useful  life  of  the  truck.  The  remaining  85  per  cent  depreciation 
is  assumed  as  being  directly  proportional  to  the  mileage  run.  Operated  25 
miles  per  day  with  a  life  of  1,500  days'  service,  the  total  distance  that  the 
truck  would  travel  would  be  37,500  miles.  The  estimated  depreciation  for  the 
life  of  the  truck  on  this  basis  is  23.7  per  cent  of  the  total  daily  cost  of  operation. 
This  is  rather  a  big  allowance  for  depreciation,  but  when  the  nature  of  the 
work  is  considered  it  is  not  high  in  comparison  to  depreciation  of  trucks  used 
in  straight  commercial  hauling  work.  A  truck  used  in  house  to-house  collec- 
tion work  must  be  started  and  stopped  many  times  in  the  course  of  each  load- 
ting.  The  motor  must  be  kept  in  constant  motion  because  each  stop  is  of 
diort  duration.  On  account  of  the  many  starts  and  stops  also  the  truck  must 
of  necessity  cover  a  considerable  distance  each  day  at  a  speed  much  slower 
than  its  economical  speed  of  operation.  Combined  with  all  of  these  factors 
the  truck  must  be  operated  continuously  in  the  presence  of  grit  and  cinders 
frmn  ashes  and  dust  from  street  dirt.  For  these  reasons  not  only  is  deprecia- 
tion sure  to  be  high,  but  the  imit  cost  of  fuel,  lubrication,  tires  and  repairs  is 
abb  bound  to  be  more  than  similar  costs  under  normal  commercial  operating 
conditions. 

Cost  ol  Collection  and  Removal  of  City  Wastes  in  Chicago. — The  following 
data,  from  a  report  by  the  EflBciency  Division  of  the  Chicago  Civil  Service 
Commission  for  the  removal  of  garbage,  ashes,  refuse  and  other  wastes  for  the 
1014,  were  published  in  Engineering  and  Contracting,  Dec.  3,  1913. 
62 
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Th^  rr/st  rj[  optratixu?  a  5-ton  tr^ck  -.ise*!  in  rhe  delivery  of  sand  and  gnfcl 
rA  the  Pacifc  Coaat  diiric^  a  ^-months'  penol  in  1917  was  appraxiinatelj 
$13.40  per  daj.  ThM  includes  all  charges.  Capaciiv  loads  wre  hauled  an 
averaipe  dLstd^ce  of  0. 1  miles  OTer  roads  of  various  kinds,  eqiudly  dlTided 
between  gravel  and  dirt,  with  manv  hills,  some  d  them  steep.  The  avence 
dLrtance  traveled  dailv  was  about  60  miles.  The  coFts  irore  dftstribated 
as  follo'A's: 

It«Ri 

Fuel 

Oil  aikd  i^e&ae   

Tires 

Repairs  and  part> 

Wftces  

Interest  at  6  per  cent 

Depreciation  at  20  p#-r  r-«:-i.t       


Per  cent 

Total  co»t 

of  total 

1     303.25 

18.1 

69.79 

4.3 

151.93 

9.S 

21.06 

1.3 

.50S.  75 

30.4 

21S.78 

13.1 

394.66 

28.6 

Total $1,671.22  100.0 

The  cost  of  hauling  paving  materials  in  Detroit  with  a  5-ton  tiuck  diuinf 
1917  was  $14.85  per  day.  including  all  costs.  The  truck  hauled  an  aggvegate 
of  35  tons  in  .seven  trips,  the  average  haul  being  4>2  miles. 

The  cost  of  operating  a  3  ^-^n  truck  under  average  service  ocmditloiu  on 
the  roads  of  Southern  California  over  a  considerable  period  of  time  was  fbinid 
tft  be  $9  per  day.  This  includes  all  cost  of  upkeep,  supplies,  depredatkMit 
wage.s  of  drivers,  etc.  The  first  cost  of  the  truck  ^-as  placed  at  83,500  and 
its  life  at  10  years,  assuming  that  the  truck  traveled  25  miles  per  day.  Gaso- 
line was  purchased  at  16  ct.s  per  gallon  and  the  driver's  salaiy  was  8060  ptf 
year.  Roads  were  good  and  operating  conditions  generally  yeiy  favorable- 
Itemized  costs  (for  the  estimated  life  of  10  years)  foUoift-s: 

Item 

Insuranrc $ 

lAcennti  and  tax**.'' 

Int*'r*'st  at  6  per  cfiit 

DapTar'i&iiou 

Adminuitration 

Ktoraffo . .  

(i&HoWiu:  at  10  rt.  per  gallon 

Oil,  KTt'&Hc:,  waste 

Tir#!«  (h^HH  fiFHt  ooet) 

Urivor'H  Halary 

Maintenance 

Total  for  lifo  of  truck $27,050  $9.02  100.0 

The  first  cost  of  a  trunk  with  a  collection  bo<iy  would  be  somewhat  hi^ier 
than  \h  here  given.  Ah  a  matter  of  fact,  the  city  of  Rochester  awarded  a 
v,(mtTiu'X  to  t)ie  Sf*lden  Motor  Vehicle  Co.  in  December,  1917,  for  two  8H*too 
trunks  nach  (*(]uipiMMi  with  a  special  6-yd.  collection  body  at  86,031  eadt 
Othi^r  costs  also  have  increased  proportionately  since  the  above  estimate  WM 
iiKulc.  Jt  is  believed,  however,  that  a  competent  driver  could  be  employed  at 
Ifss  tlian  $1)00.  It  should  be  possible  to  employ  a  truck  driver  at  8800  annu- 
ally if  he  wcrn  given  pcrinanent  employment.  Also  interest  rates  on  the  Invest- 
MMrnt  slioiild  not  airiount  to  more  than  5  i>er  cent.  The  life  of  a  truck  used  in 
h()iis<t-to-hou.se  collection  work  would  probably  not  be  as  long  aa  in  other 
work  due  to  frc(iuont  starting,  stopping  and  generally  hard  usage.  A  life  dt 
6  years  with  a  daily  average  mileage  of  25  miles  would  seem  to  be  a  fair  esti- 


Cost  per 

Per  cent 

Total  cost 

day 

of  total 

$  1.350 

$0.45 

5.0 

380 

.13 

1.4 

2.100 

.70 

7.8 

3,500 

1.17 

18.9 

415 

.14 

1.6 

960 

.32 

8.6 

2,400 

.80 

8.9 

750 

.25 

3.8 

2.345 

.78 

8.7 

9.600 

3.20 

35.5 

3,250 

1.08 

12.0 

'  cover  a  cooslderable  dLstunce  each  day  at  a  speed  much  slower 
inomlcDj  speed  of  operation.  Combiaed  with  all  of  these  factors 
riust  be  operated  continuoualj  in  the  presence  of  grit  and  ctndera 
and  dust  from  street  dirt.  For  these  reasons  not  onlj  is  deprocia- 
}  be  high,  but  the  unit  co9t  of  fuel,  lubrication,  tires  and  repairs  is 
to  be  more  than  similar  casta  under  normal  commercial  operating 

:oDsction  and  Removal  of  City  Wastes  in  Chiciica.— The  ftdlowine 
a  report  by  tlie  EfBctency  Division  of  the  Chicago  ClvU  Service 
itor  the  removal  of  garbage,  ashes,  refuse  and  other  wastes  for  ttio 
sere  published  In  Engineering  and  Contracting,  Dec.  3,  1013. 
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During  1012  about  1 ,400.000  cu.  yds.  ot  nibbbli  n-i're  collected  (tliil  IiMlM 
to  dumps  at  bo  avenge  cost  of  SO  cts.  per  cu.  yd.  During  the  some  yetr 
about  I  IS.OOO  tons  of  gaibage  were  coIlecW  and  removed  at  an  average  coit 
of  »3.a0  per  ton. 

Dead  Animal'. — Dead  animals  are  removed  and  disposed  of  In  Chicago  bj 
contract.  A  contract  of  this  character  was  awarded  in  August,  1012,  and  wu 
for  a  period  of  Qve  years,  for  which  the  city  is  paid  an  annual  rate  of  1211.  Tbt 
contract  provides  that  the  contractor  shall  remove  within  twelve  houra  (11 
dead  animals  from  streets,  allpys  and  the  river,  and  dispose  of  them  at  least 

An  estimate  of  the  number  and  welRhl  of  dead  animals  removed  and  dlf' 
posed  of  each  year  in  the  city  Is  given  herewith,  as  follows: 

Total  number  of  dead  horsea.  sveraae  weieht  1,300  lbs B,Ut 

Totalnuniberof  de^  doge,  average  wei«ht2Slba S0,T8S 

Total  number  of  dead  pate,  sverage  weight  5  lbs a.SM 

average  weight  100  Ibe 

Grand  total  number  of  dead  animals  removed 

Total  eetimaCed  weiabt  of  all  dead  Bmmalg  removed.  13.611.265  lbs.,  oi 

QuanCiiu  o/  Oarbaae  anil  Rubbith. — The  house  collection  Is  made 
equipped  with  covered  steel  tanks  having  a  capacity  of  about  1 


4  ahowiuA  daily  vi 


1911,  1012  a 


garbage.  The  WBgou!"  and  tanks  are  owned  by  the  city,  while  thi 
hlrvd  from  contructoni  on  a  per  diem  basb.  Kuch  ward  ia  divided  li 
dlitricts  and  collections  are  made  from  each  district  according  to  ' 
and  character  of  population  and  district.  The  wagons  bib  takeD  1 
ing  stations  from  which  the  tonka  are  tran-sported  to  the  ptai 
dbiposltluD. 

The  curves  shown  in  Figs.  1  and  2  indicate  the  variation  tn  tha 
garbage  and  mbbLsli  collected  and  the  problems  which  muM  ba  n 
elflriently  to  handle  this  work.  These  curves  Indicate  that  thi 
quantity  iit  garbugt-  Is  ri'aciied  during  the  winter  months,  and  thi 


niber"^*l'oBci^.'.'. ■./.!! 

ir»ee  time  per  load .  .  . 
Wl  in  miia 


Tger  number  ot  coUec 


.„ ..c,,™.^  ,,u..c^i  one  load  per  day  imd  the  ramalntnE 

r  the  3  hours  aod  S6  minutes  In  npeot  In  going  to  and  from  the  laadiag 
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i  IV,— Data  os  the  Cobt  or   Collbctiso.  Haklinq,   Dcm 


A>h»  Had  rubbish. . 


AahsB  and  rubbish.. 


Ashra  hiuI  rubbish  . 
GarbBge. 


it  towl  limp: 
'  rubbish . . . 


AahM  and  rubbish »421.S9a 

Garbane SM.15T 


%Bh<>B  Slid  rubbish.!. 
Garbage 


Totfll  rwtt— 

AihcBsnd  rubbbh 

ABhrH  "ruf 'rubbish.... 


I  rubbish . . 
1  rubbish. . 
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lunping  and  disposal — 

Cost: 

Ashes  and  rubbish $183,820 

Garbage $  64,807 

Average  cost  per  ou.  yd.: 

Ashes  and  rubbish .09 

Garbage* .54 

3tal  cost — 

Ashes  and  rubbish 8962,808 

Garbage $510,278 

>tal  average  cost  per  cu.  yd.: 

Ashes  and  rubbish .69 

Garbage* 4.29 

Note. — *The  unit  cost  for  garbage  collection,  hauling  and  disposal  is  the  ton. 
>st  exclusive  of  overhead  charges  is  based  upon  the  ward  expenditures  as 
own  by  the  City  Controller's  annual  report  for  1912.  The  cost  of  coUeetioii 
iludes  all  labor  charges  for  the  service,  and  the  cost  of  team  hire  for  the  time 
snt  collecting.  The  cost  of  haul  includes  the  cost  (rf  team  hire  for  the  time 
snt  hauling. 

The  length  of  haul  shown  is  the  distance  one  way  to  the  place  of  disposal, 
erage  rate  of  travel  assumed  at  2.7  miles  per  hour.  The  cost  of  dumping 
sased  upon  the  average  period  taken,  vis.:  25  minutes  per  load. 
Overhead  charges  inoTuae  the  cost  of  depreciation  of  equipment,  rtfital,  super- 
endence  and  operation  of  dumps  and  loading  stations.  OverhMMl  charges 
ve  been  prorated  between  collection,  haul  and  disposal  on  percentage  bans. 
St  of  operation  of  loading  stations  charged  against  haul.  Cost  of  operation  of 
mps  and  disposal  chargc^d  against  dumping  and  cUsposaL 

tion  or  disposal  plant,  or  in  waiting  at  the  loading  station.  It  has  been 
ind  that  practically  75  per  cent  of  the  teams  at  the  present  time  complete 
dr  collection  and  haul  and  return  to  the  starting  point  within  six  or  seven 
ITS,  and  the  remaining  part  of  the  eight-hour  day  is  not  devoted  to  any 
Kiuctive  work.  Under  the  present  system  of  ward  distribution  it  is  not 
isible  to  arrange  for  long  and  short  hauls,  which  would  take  care  of  the  time 
L  The  present  condition  can  be  remedied  with  profit  and  increased  service 
the  provision  of  new  tanks  6  or  8  ins.  higher  than  those  now  in  use.  These 
7  boxes  should  be  obtained  as  the  old  tanks  are  used  up. 
The  5  cu.  yd.  rubbish  box  used  in  this  city  is  sufficient  to  hold  all  that  a  team 

economically  and  conveniently  haul  through  the  unpaved  alleys  during 
winter  months.  However,  the  material  to  be  removed  during  the  summer 
Qths  is  of  light,  combustible  nature  and  a  team  can,  under  normal 
ditions,  conveniently  draw  at  least  0  cu.  yds.  As  indicated  above,  the 
icipal  cost  of  rubbish  disposal  is  the  collection  and  haul;  the  greatest  econ- 
y  will,  therefore,  result  when  a  team  can  collect  the  maximum  possible 
ntity  in  one  load.  Wagons  designed  with  lower  bodies  will  allow  of  larger 
is.  At  the  same  time  the  height  required  to  raise  the  pail  to  empty  the 
bish  is  reduced,  with  the  result  that  the  efficiency  of  labor  will  be  greatly 
eased.  Provision  whereby  sideboards  can  be  hinged  to  the  ordinary  rub- 
i  box  will  adapt  the  box  to  a  5  cu.  yd.  load  during  the  winter  months  and 
irger  loads  during  the  summer  season. 

conomic  Methods  of  Waste  Disposal  for  Cities  of  Different  Sized  Popula- 
s. — In  his  report  made  to  the  mayor  and  city  council  of  Davenport,  Iowa, 
1  W.  Alvord  gave  the  following  diagram  (Fig.  3)  showing  the  relative 
lability  of  various  methods  of  disposal  of  city  wastes  under  average 
lomic  conditions  for  cities  of  different  sized  populations. 

must  be  remembered  that  the  reduction  process  is  applicable  to  garbage 
e.  The  cremation  process  is  applicable  to  garbage  mixed  with  some  fuel, 
e  incineration  is  applicable  to  and  requires  the  collection  of  all  of  the 
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ill  ttoimab,     »Man„. „..._..  ..,- — 

"Ashes  dtimped  W  winter,  bum»il  rest  of  year.     "None, 
K.     i>MBnur<>.  ftc.  2Z.n  tons.     "None.     I'CdB. 
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Thus,  9  out  of  the  14  cities  listed  use  other  fuel  in  addition  to  the  garbage 
and  other  refuse. 

Coat  of  Construction. — The  cost  of  construction  varies,  according  to  one 

report  from  $600  to  $1,000  per  ton  capacity.    The  Worcester  Commission 

reports  that  "the  cost  per  ton  daily  capacity  varies  from  $230  to  $1,000,  the 

'average  being  between  $600  and  $700."    The  cost  in  a  number  of  cities  was 

as  follows: 


City 


Designer  or  builder 


Berkeley,  Cal Sterling 

Oakland,  Cal Decarie 

Fort  Wayne,  Ind Dixon 

South  Bend,  Ind Dixon 

Terre  Haute,  Ind 

Covington,  Ky 

Grand  Rapids,  Mich. . .  .Angle  Imp.  No.  3.. . 

Duluth,  Minn Decarie 

Minneapolis,  Minn 

Paterson,  N.  J Destructor  Co 

Wilmington,  N.  C Decarie 

Portland,  Ore Smith 

Allentown,  Pa Dixon 

Erie,  Pa Morse-Boulger 

Richmond,  Va.,  No.  1.. .  Decarie 

Richmond.  Va.,  No.  2.. .  Morse-Boulger 

Spokane,  Wash Decarie 

Wheeling,  W.  Va Decarie 

Milwaukee,  Wis 

London,  Ont Heenan  &  Froude. . . 

Montreal,  Que Thackeray 

Moose  Jaw,  Sask Heenan  &  Froude. . . 

Average  for  22  plants $       600 


Con- 

struction 

Con- 

cost per 

Capacity, 

struction 

ton 

tons 

cost 

capacity 

50 

$61,500 

$1,230 

100 

60,000 

600 

40 

15.000 

375 

25 

6,800 

272 

50-75 

15,000 

200 

100 

25,000 

260 

100 

14,656 

147 

25 

35.000 

1,400 

150 

50,000 

333 

60 

80,000 

1,333 

40 

35,000 

875 

150 

99.900 

660 

25-30 

14,700 

490 

100 

27,000 

270 

50 

40,000 

800 

50 

12,000 

240 

120 

90,000 

750 

50 

35,000 

700 

300 

210,000 

700 

50 

39,760 

795 

150 

41,000 

273 

50 

31,811 

636 

Cost  of  Operation. — The  reports  of  charges  for  operation  and  maintenance 
were  given  for  the  following  cities: 


City 


Total 


Ft.  Wayne,  Ind $  7, 150 

Paterson,  N.J 9 ,  527 

Portland,  Ore 15,383 

Erie,  Pa 5,835 

Richmond,  Va.,  No.  1 3,700 

Richmond,  Va.,  No.  2 5,050 

Spokane,  Wash 3 ,930 

Wheeling,  W.  Va 5.690 

r^ndon,  Ont 10,596 

Montreal,  Que 23,445 

Moose  Jaw,  Sask 14, 106 

Milwaukee,  Wis 68,892 

Minneapolis,  Minn 43 ,  000  • 

*  Approximately. 


Sal- 
aries 

$  3.680 
7,060 
13,805 
3,880 
2,250 
3,000 
3,165 
3,540 
9,096 


Re- 
Re-     new- 
pairs     als 

$     157  $183 

X , o4V    .... 

1,330  .... 

40     200 

350 


Sup- 
plies, 
except 
fuef 

$     326 

610 

248 

60 

100 


45  . 
800  . 
600  . 


160 
900 


Fuel 

$2,824 
106 

'ii666 

1.000 

2.060 

720 

l.SOO 


11,951   2,174 


The  Ohio  State  Board  of  Health  reported  the  following  costs  Indudinf 
interest,  depreciation,  maintenance  and  repair  charges,  for  the  dtieB  named  tor 
%  period  of  years: 


plant  wll 

Is  oeedei 
ould  be  ) 


ik^a  It  iH 


■e  the  added  eipense  Ot  sepan 


itaru  Aipect*. — In  theory  reduction  plants  should  b«  oiwrated  in  a  aani- 
oumer,  without  creatlog  a  nuisance  and  without  canylng  offensive 
In  pncUee  Uiej  are  not  so  opeiated. 


826  HANDBOOK  OF  CONSTRUCTION  COST 

In  the  New  York  State  report  the  following  replies  were  obtained  from  dtl6B 
disposing  of  garbage  by  reduction  to  the  question  as  to  whether  odora  came 
from  their  plants: 

No New  Bedford. 

Yes Schenectady-Pittsburgh. 

Slight. Columbus-Dayton. 

Occasionally St.  Louis-Bridgeport. 

Ver^  little Utica-Cleveland. 

At  times Syracuse. 

Much San  Francisco. 

Some Springfield. 

40  miles  away Washington. 

No  reply New  York,  Rochester,  Cincinnati,  Detroit,  Baltimoret 

Boston,  Newark,  Indianapolis. 

Thus,  of  the  21  cities,  8  did  not  report  as  to  odors,  10  reported  the  preaenoe 
of  odors  to  a  greater  or  less  degree,  1  did  not  state  whether  there  were  odors 
or  not  but  did  state  that  the  disposal  plant  was  40  miles  away  from  the  dty. 
and  1  city  reported  no  odors  though  officials  from  the  city  of  Springfield 
visited  the  plant  of  this  city  and  noted  the  odors  coming  from  it.  Four  of  the 
cities  named  above  operate  their  own  plants  and  all  of  them  report  odors. 
Thus,  the  fact  of  private  or  public  ownership  and  operation  does  not  appear  to 
affect  the  nuisance. 

That  it  is  the  expectation  that  reduction  plants  will  cause  offense  and 
complaints  is  evident  from  the  location  of  the  plants  with  respect  to  the  dty, 
as  follows: 

Distance  of  plant 
from  center  of 
Name  of  city  city 

Berkeley,  Cal 8  miles 

Washington,  D.  C 40  miles 

Cleveland,  Ohio 8  miles 

Columbus,  Ohio 4H  miles 

Dayton,  Ohio About  6  mfles 

Co8t  of  Construction. — The  cost  of  construction  of  reduction  plants  in  clttos 
for  which  the  information  is  available  was  as  follows: 

Capacity, 
tons  in 
City  24  hours 

Los  Angeles,  Cal 300 

Chicago,  111 800 

St.  Louis,  Mo 400 

Cleveland,  Ohio 20-25 

Schenectady,  N.  Y 200 

Columbus.  Ohio IfiO 

Dayton,  Ohio 50 

According  to  the  New  York  State  report  the  cost  of  construction  varied  from 
$1,500  to  $3,000  i)er  daily  ton  capadty. 

The  average  cost  of  construc^on  per  daily  ton  capacity  is  $287  for  theM 
citii^.   excepting  Schenectady,  where  the  cost  was  reported  to  be  $4,400. 

CoHt  of  Operation. — One  authority,  Parsons,  places  the  008t  of  nducIlM 
at  $1.80  to  $2.00  per  ton  of  garbage;  Turrentine  at  $2. 41;  the  New  York  Btale 


Cost  of 

Cort 

construction 

per 

and  extensions 

ton 

$100,000 

$    888 

725,000 

906 

300,000 

7«0 

110.000 

4.400 

272,000 

l.SOO 

286.000 

1.476 

55.000 

1.100 

n  Dftjton,  the  et 
'OiM  &ppeu  that 
MBced  at  12.00 
fe*«nHf  /tdih  Red' 

M  of  miuetioD  p 


be  city  ta  Clevel 


tiose  Inclisrgeol 

depreciittloD  cht 
lloD  between  re^ 


1127,631       tlS,B2S 


d  that  t: 


e  ton 


data  a: 
chaise  of  121,271  was  as  ot  IQU  and  so  doex  cot  tnclude  addlUons  made 

then.  So  that  the  inclusion  of  tiepreclatlon  and  Interest  charges  for 
I  not  purchsaed  Id  the  early  years  should  (ery  nearly  be  counterbalanced 
le  omlHBlon  of  Items  purctiased  after  1914.  The  net  proBI  toi  the  six 
I  la  (18.026,  an  average  ot  t2.T7I  per  year. 


828  HANDBOOK  OF  CONSTRUCTION  COST 

The  revenue  of  Cleveland  per  ton  of  garbage  was  given  as  $4,605,  thai  of 
Columbus  as  $4,051  and  that  of  Dayton,  $2,522.  Without  doubt  the  amounts 
for  Cleveland  and  Columbus  are  large  because  of  the  prevailing  high  prices. 
The  revenue  from  Dayton  is  small  probably  because  the  plant  has  recently 
begun  operations.  It  will  be  long,  however,  before  prices  drop  to  their  former 
amounts. 

Reduction  in  Columbus.  Ohio. — Because  the  Columbus  plant  has  been  so 
successful,  the  following  data  have  been  taken  from  the  annual  report  of  tbe 
disposal  plant: 

Actual  Cost  of  Opebatiox 

For  the  year  Per  ton  garbagie* 

1915  1916  1915  1916 

Superviuon $5,201  $3,000  $0,227  $0  187 

Clerk  hire 656       .030 

Foremen. 2,349       .107 

Foremen  included  in  supervision  of 
1915. 

Firemen 2,638  2,970  .116  .186 

Operators 4,592  4,248  .200  .194 

Ordinary  labor 11 ,223  13, 123  .490  .600 

Office  supplies 122       .007 

Fuel 7,021  9,145  .306  .418 

Clothing 60       .008 

Mechamcal  supplies 1 ,212  795  .058  .086 

Motor  vehicle 256       *  012 

Chemical  supplies 2,485  3,063  .  108  !  140 

Other  supplies 493       .028 

Traveling  expense 3       !000 

Telephone  and  telegraph :..  71       [ 008 

Advertising 16       JOOl 

Insurance 197  ...  [009 

Taxes  and  rent 55       003 

Light  and  power 1 ,364  1 ,686  .060  077 

Other  service 298  312  .013  .014 

Maintenance  buildings 3       .000 

Maintenance  railway  tracks 10       .001 

Maintenance  equip.,  labor 2,455  2,059  .  107  .094 

Maintenance  equip.,  material 4 ,  589  3 ,  555  . 201  .  168 

Maintenance  motor  vehicle 161       .007 

Other  maintenance 4       .000 

Office  expenses 316     .014       

Transportation 501     .022       

Miscellaneous 550     .024     


Total $44,453     $48,423       $1,940       $2,316 


Actual  Production 

(Receipts  corrected  from  inventories) 

-For  the  year Per  ton  garbace- 


1915                 1916  1915  1916 

Grease  (lbs.) 1,014.672       1,344.789  44.28  61.62 

Tankage  (lbs.) 4,596.140       4.506.640  200.62  206.14 

Hides  (No.) 220                   156  

Grease  (value) $38,048.57     $69,451.53  $     1.661  $    8.177 

Tankage  (value) 16,081.86       17,672.12  .702  .808 

Hides  (value) 1,233.56        1.440.42  .054  .DM 

$55,363.99     $88,564.07  $2,417  $4,061 


OARBAOE  HI 


lildiag,  HnaoUae  atora^e. 
jidDDa-EatlaCiUblc....    t> 
IT  buildioc i^ 


a     and     Btorasb     tanks. 


Awitchboud. . 


Unlu 


Saar.,... 


tt.Pritait  Qpfation  o/  Redua.^.. ,  .......      , 

•e  owned  and  operated  privately  and  <li9p 
the  cHy.    The  arraogemenl  in  22  cities  w 
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Only  two  cities  that  dispose  of  their  garbage  under  contract  with  a  coDoem 
eiiiploying  the  reduction  method  report  any  revenue  in  return  for  the  privilese. 
These  cities  are  Los  Angeles  and  New  York.  The  reduction  compuiy  i& 
Los  Angeles  pays  the  city  $0.51  per  ton.  New  York  receives  $112,500  a  year. 
It  is  to  be  noted  that  Los  Angeles  also  reports  that  it  receiyed  $1.00  per  too 
from  fanners  for  garbage  delivered  for  feeding  to  hogs. 

Feeding  to  Swine 

Cities  Using  This  Method. — According  to  the  New  York  report,  34  out  d 
112  cities  were  employing  this  method  in  1915.  According  to  the  Munidpil 
Journal  the  following  cities  of  from  100,000  to  300,000  population  employ  tbs 
methods  named: 

Feeding  to  pigs Albany,  Cambridf;e,  Denver,  Grand  Rapidi 

Hartford,  Providence. 

Reduction Bridgeport,  Columbus,  Dayton.  IndianivoGii 

Rochester. 

Incineration Portland,  Ore.;  Reading,  Trenton,  Patca«OB> 

Dumping  at  sea Oakland, 'Cal. 

Turning  Garbage  Over  to  Private  Pig  Farms. — ^A  city  may  turn  its  gubl$B 
over  to  farmers — ^for  nothing  or  for  a  remuneration — ^to  feed  to  pigs,  or  it  miy 
operate  its  own  pig  farm.  The  majority  of  cities  feeding  their  gazbage  to 
pigs  do  so  imder  the  former  arrangement.  A  few  cities,  including  Woiroetta. 
Taunton,  Brockton  and  New  Haven,  operate  their  own  hog  farms. 

Revenue  from  Turning  Garbage  Over  to  Private  Farms. — Many  cities  not  ODly 
dispose  of  their  garbage  at  no  cost  by  the  use  of  this  method  but  also  make  ft 
the  source  of  a  large  amount  of  revenue.  The  following  reortpts  aie  reported 
for  the  cities  named : 

Grand  Rapids,  Mich 45  ct.  per  ton $  4,450 

Denver,  Colo Gets  its  collection  and  diaposal  for 

nothing 

Cambridge,  Mass 70  ct.  per  cd.  ft 17,888 

Colorado  Springs,  Colo Gets  its  collection  and  diapoBal  for 

nothing,  and 1 ,440 

Salem,  Mass •2,851 

Somcrvillc,  Mass 50  ct.  per  cd.  ft 

Lawrence,  Mass $1 .  25  per  load 1 8,865 

Lowell,  Mass $1 .25  per  load 5,406 

St.  Paul,  Minn 80  ct.  per  ton 

Los  Angeles,  Cal $1  per  ton 

Springfield,  Mass Average  per  year,  1907-1911 4,262 

*  $13,255  in  3  yrs.     t  Estimated. 

Many  cities  receive  no  revenue  from  garbage  so  disposed  of.  Thus,  the 
revenue  from  this  method  of  disposal  varies  from  nothing  in  many  cities  to 
$17,400  in  Cambridge.  However,  Denver,  with  a  population  of  205,000. 
has  its  2 1,600  tons  of  garbage  collected  as  well  as  disposed  of  by  a  bog  grami* 
association;  and  Colorado  Springs  has  its  garbage  collected  and  disposed  of  by 
hog  growers  and  receives  in  addition  $1,440.  Assuming  that  the  oost  of 
collection  in  these  cities  was  $0.30  per  capita,  which  was  two-thirds  tin  pv 
capita  cost  of  collection  reported  in  1915  by  59  cities,  the  city  of  Dsow 
saved  $64,500  in  1916  and  Colorado  Springs  saved  $9,600  ]dus  tbs  $1^ 
actually  receive<l. 

Feeding  Garbage  on  Municipal  Hog  Farms. — Worcester,  BlOCkton  Ud  NoV 
IT  a  von  are  among  the  cities  that  operate  farms  where  they  f^ed  city  i 
pigs. 


t  this  rate  to  dispose  ot  an  average  of  20  tons  per  da;  or  7,300  torn  per 
■,  the  cost  per  too  of  garbage  would  be  J2,65.  The  cost  reported  hj 
tley  was  at  the  rate  of  (1.98  per  ton. 
ftienui  from  Feedinn. — The  revenue  Ir 
^  at  (50,000  for  1910.  This  Is  at  the 
reeley  estlinated  the  yearly  revenue  fi 
This  would  make  the  revenue  per  ye 
le  revenue  at  Worcester  la  estimated 
ire^y  on  prices  last  year.  A  t^r  estli 
aeration  ol  Gaibage  Pinery  «■  Gri 
ract,  ol  a  paper  read  hefnre  the  f012 
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Officers  by  T.  M.  Koon,  M.  D.,  a  member  of  the  State  Board  of  Health,  was 
published  in  Engineering  and  Contracting,  Sept.  18,  1912. 

After  the  garbage  is  collected  and  loaded  on  cars  by  the  city,  the  contractor 
ships  the  garbage  to  his  farm.  The  farm,  which  contains  about  100  acres, 
is  located  about  three  miles  out  of  the  city,  and  lies  adjacent  to  the  Pere 
Marquette  Railway.  The  soil  is  sandy  and  well  drained.  There  are  about 
40  buildings  on  the  farm,  including  the  farm  house,  horse  bam,  office  building, 
boiler  room,  garbage  kitchen,  employes'  restaurant,  feeding  houses,  and  far- 
rowing houses. 

The  boiler  room  is  34  X  36  ft.  in  plan.  The  garbage  kitchen  adjoins  the 
boiler  room  and  is  64  X  40  ft.  in  plan.  There  are  three  cooking  pans  in  this 
kitchen  24  ft.  long,  6  ft.  wide  and  3  ft.  deep,  and  three  cooking  pans  30  ft.  long, 
6  ft.  wide,  and  4  ft.  deep.  This  kitchen  is  devoted  to  cooking  garbage  and 
meal  for  feeding  the  hogs.  The  garbage  from  the  entire  city  is  not  suffldent 
to  feed  the  7,000  to  9,000  hogs  kept  here,  so  $1,000  worth  of  com  is  fed  each 
week.  The  next  building  is  the  restaiu*ant  where  the  20  employes  are  fed. 
There  are  three  farrowing  houses,  each  336  ft.  long  by  30  ft.  wide.  These 
buildings  have  cement  floors  and  troughs,  water  throughout  and  are  steam 
heated.  These  houses  shelter  1,200  brood  sows,  each  having  a  separate  stall; 
40  sows  bring  forth  a  litter  of  pigs  each  week,  over  10,000  being  bom  ^udi 
year.  There  is  another  building  234  ft.  long  by  56  ft.  wide.  There  are  over 
100  breeding  pens  with  a  yard  for  each.  There  are  two  buildings  100  ft. 
long  by  20  ft.  wide.  They  have  cement  floors  and  troughs.  These  building 
are  called  the  restaurants.  Here  the  hogs  are  fed  cooked  com  meal  while 
being  fattened  for  market.  A  small  railroad  runs  throughout  the  grounds  and 
buildings  to  carry  the  garbage  and  com  meal  to  the  swine.  The  granary, 
numerous  yards  and  ranges  and  the  reservoirs  for  storing  water  to  supply  the 
buildings,  complete  the  piggery.  Everything  is  well  kept  and  orderly.  Here 
all  the  garbage  from  the  city  of  Grand  Rapids  is  disposed  of.  From  this  place 
200  hogs  are  shipped  to  market  each  week.  Over  10,000  fattened  hogs  are 
turned  out  each  year.     The  value  of  this  output  is  about  $135,000  a  year. 

It  has  been  only  a  few  years  that  so  many  hogs  could  be  kept  safely  on 
account  of  the  liability  of  the  herd  becoming  infected  with  cholera  and 
destroyed.  Therefore  this  method  of  garbage  disposal  was  very  hazardous  as 
a  money  making  undertaking.  Now  that  it  is  possible  to  inununize  against 
hog  cholera,  this  danger  is  obviated.  All  of  the  pigs  at  this  place  are  immun- 
ized while  nursing,  so  there  is  no  danger  of  the  herd  being  destroyed  with  hog 
cholera. 

More  recent  information  in  regard  to  the  disposal  of  the  garbage  of  Grand 
Rapids  was  given  in  the  Conference  of  the  Federal  Food  Administratlcxi  hdd 
in  Chicago,  Dec.  7,  1917.  The  following  is  given  in  a  report  of  the  conference 
published  in  Engineering  News-Record,  Dec.  27,  1917. 

The  garbage  of  Grand  Rapids  is  collected  and  loaded  on  cars  by  the  city. 
Alvah  H.  Brown  ships  it  every  day  27  miles  to  his  80-acre  farm  in  an  isolated 
section,  located  on  sandy  soil.  He  pays  45cts.  per  ton  for  freight  and  26ct8.  to 
the  city.  He  feeds  inside  a  long  building,  on  concrete  platforms,  onto  which 
garbage  is  dumped  directly  from  the  cars.  Glass  from  electrio-U^t  bulbs  ue 
the  worst  "foreign"  matter  in  garbage.  Sheep  and  cattle  have  also  been  teA. 
garbage  in  winter,  but  not  in  summer.  Corn  silage  is  fed  on  S^mdays  and  a 
cheap  "Are  sale"  grain  is  usually  part  of  the  bill  of  fare. 

Mr.  Brown  believes  that  hogs  could  be  fed  without  nuisance  in  ft  buUding 
within  the  city  limits  if  proper  attontion  were  given  to  ventilation.     One  ton 
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Of  2,276  hogs  sold  to  a  packing  house  only  1 1  were  condemned  by  the  United 
Stated  Government  meat  inspectors,  an  average  of  Only  0.48%,  which  is 
much  lower  than  on  hogs  shipped  in  from  the  West  to  the  same  packing 
company. 

Operation  of  Oarhage  Piggery. — The  following  description  of  the  operatioa 
applies  to  Worcester's  garbage-disposal  plant  as  now  operated  under  the 
able  direction  of  Thomas  Home,  superintendent,  who  has  aided  the  writer  in 
the  preparation  of  this  paper.  The  garbage  as  it  comes  to  the  farm  is  neither 
washed  nor  steamed.  Washing  is  uneconomical  because  so  much  valuable 
food  material  is  washed  away  and  wasted;  it  is  unnecessary  since  no  material 
advantage  is  gained  thereby.  Cooking  or  steaming  the  garbage  has  been 
found  by  experience  to  be  bad  since  the  garbage  is  thereby  made  more  add 
than  it  ordinarily  is  and  substances  are  incorporated  in  the  food  which  are 
harmful  to  the  hog  and  which  would  not  be  eaten  in  the  raw  garbage.  A  bog 
is  more  capable  of  picking  over  and  culling  garbage  than  any  man  or  TTMu»hiiM 
can  be. 

Pigs  are  kept  with  the  sow  in  individual  pens  until  they  are  six  weeks  old, 
although  the  pigs  begin  to  eat  garbage  when  about  three  weeks  old.  Boars 
are  castrated  when  about  five  weeks  old  and  are  then  left  with  the  mother 
another  week.  The  pigs  remain  in  pens  until  they  are  about  6  months  old 
and  are  fed  from  troughs.     They  then  weigh  about  75  to  100  lb. 

Inoculation  Against  Cholera. — The  entire  stock  is  treated  by  the  so-called 
double-treatment  method  (virus  and  serum).  Pigs  5  to  6  weeks  old  are  inocu- 
lated with  serum  only.  This  treatment  carried  them  for  about  7  weeks  when, 
at  a  weight  of  about  40  to  50  lb.,  they  are  given  the  double  treatment,  virus 
and  serum.  State  veterinarians  under  the  State  Bureau  of  Animal  Industry 
do  this  work  free  of  charge,  the  department  merely  paying  for  the  serum  and 
virus  used  and  for  the  necessary  help.  The  cost  of  treatment  depends  upon 
the  size  of  the  animal  since  more  serum  is  used  the  larger  it  is. 

The  serum  costs  l^cts.  per  c.c.  and  about  20  c.c.  are  used  for  a  40  to  50-lb. 
hog,  live  weight,  so  that  the  total  cost  of  treatment  exclusive  of  help  is  therefore 
about  70cts.  per  pig.  The  place  for  injection  (between  the  hind  legs)  is  scrub- 
bed with  soap  and  water  containing  lysol  or  similar  d'isinfectaixt  and  swabbed 
with  tincture  of  iodine  after  puncture.  Not  one  hog  in  500  is  lost  and  there 
is  no  trouble  from  ulcer  formation  if  the  inoculation  is  properly  done.  One 
veterinary  with  five  helpers  can  treat  250  pigs  of  40-  to  50-lb.  weight  in  a  day. 

To  prevent  itch  the  hogs  are  all  sprayed  about  once  in  six  weeks  with  a  mix- 
ture of  3  parts  of  kerosene  and  1  part  of  turpentine. 

Out-of-Door  Feeding  Platforms. — ^Af  ter  six  months  the  pigs  which  have  grown 
to  shoats  are  turned  into  hog  lots  (100  pigs  to  about  3  acres)  with  out-of-door 
feeding  platforms  made  in  8  X  8-ft.  sections  of  2-in.  plank.  These  are 
mounted  on  skids  and  have  a  half  round  timber  on  two  sides  to  prevent  the 
garbage  from  being  pushed  off.  The  cost  per  section  was  $7,  with  farm  labor. 
Several  sections  are  place<i  end  to  end  and  when  the  ground  around  the  pl^ 
forms  becomes  fouled  the  sections  are  skidded  to  another  location  and  the 
>>•  ground  at  the  former  location  plowed  up.  By  this  means  the  garbage  tramided 
into  the  ground  is  kept  from  decaying  and  producing  foul  odors.  The  plat- 
forms are  shovel  cleaned  daily  and  the  material  removed  is  composted  or  buried. 
The  hogs  are  kept  for  about  15  months,  when  they  are  sold.  They  then 
weigh  250  to  300  lb.  The  last  lot  sf)ld  (May,  1017)  brought  16.35c.  per  lb. 
on  the  hoof  or  21c.  per  lb.  dressed. 

The  sows  are  bre<l  by  turning  about  300  of  them  into  the  same  lot  with 


>le  odora  may  be  carried  a  con^derable  dist» 


B  vbED  uncompoated 
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zziAZ^Ti^  ii  5p?».i  oc  ;be-  Erxiii  &s  fenCir^r  »ii>  the  cccpoBted  materlil 

Siz.c«  tl«  ^>^1  '>lor«  Are  pr<:^atlT  rizblv  :i:sroe»-3or:&.  cimipufrting  bj  Tetatanos 
t'siitst  siAriAZ/xs  h^z  zziZifTiiLziz^  :b»=:  -ar.vii-l  :^:^d  m>  iDcreue  the  fertiliiiaK 
T^-x  of  tbe  —  i7.uj&.  Ato-::!  ±ve  corls  «)f  oi«azl2»  are  produced  daily  (1«B00 
to  :.<34>:-  cords  ?er  rear  ozil  hjT-r  a  -&:-^  of  aSxh  %i  a  cord  aa  feniUaer  it 
iLie  f&m.  Tbe  Ho:=x-  F^rrn  h^  sever  borx^t  fenzliaer  in  aoj*  materiil 
«;-.:iz:::7  fy:  lis  firrz.  _»:il  >r  :rj-:k  Brar-ieii  »a'i  ibe  scav^ensipr  depttrtmait  bM 
nerer  *>2es  cr*'l:>':  -K-.th  ^b?  val-je  of  tbe  ^kt  riaaTne  from  the  piggeiles. 
Tber^  art  r^o  e^r»r:Aker5  in  e^ch  pl^?»?r7  eice?--t  Xo.  11.  vhlch  haa  one. 
Or«  c&r^i^^r  ca::  car^  for  ahout  1^50  to  300  pi^  a  iay — HbocI  thenoL  bed  them, 
*?w*  cl-rai  Ofit  IM-  pen*. 

Cr^-Dz'y  H:-:i  I-'.p^yM  r«  fjr^i, — Tbe  or^t-door  bofs  are  utiliKd  in deaih 
ise  4<?  tbe  acnb  from  w^f v  I21A  &=.<1  l:r.|Kx>vis?  it.  Tbey  ctmr  and  rip  df 
ibr  t^k  :f  pr3c::ca!:T  all  deciluo^is  t?«><7>  &s<]  :b-^  kiU  them  but  ocmifSeroui 
trws  are  no:  ^?-obe<!.  .\f:er  ^r.-r-srinir  and  «cripfKng  tbt  baric  they  bumnr 
arrKizjd  ;::«  roots,  cbrw  :hi5  !;.irk  asd  uproot  tbe  analler  stumpsL  In  a 
remarkatflv  short  tizie  at<>-i:  two  !»ea.^^r^  the  smib  disappeais  and  only 
th*  lare-er  iJf.imps  :r.-.i5^  be  p-illeii  o-^t  Nefow  plowing  »  poosible.  Moat  of 
tr.e  cle-arei  Ijli:  i  of  :be  Hor-.e  Farzi  Lis  thus  Nwn  cleared  and  made  into  a 
v«:rv  pro^l-cti-.-e  f  arrr..  Hoe  ztctk^^k  dais  and  it  haa  been  the  experienoe  at 
v^''jzr*r<^z  :r-:a:  s'i:'r.  scrjb  ucko  aoziewtat  as  a  tonic  tix  the  hoga  and  Iceeps 
XtjhTT.  In  ?»i  ci:-n<i:!!oi!. 

Tatl-js  v:  inl  VII  eive  :he  o>?t  of  collection  and  disposal  Ux  one  year. 
Table  Ylll  sn^-sE-s  tbe  oy^raiiae  cost  and  income  of  the  scavnger  depart- 
rr.en:  OT^rr  &  nunt-er  of  v-tats.  Incluiin?  tbe  years  1902  and  1910,  whidi 
should  &  cle^r  -  ro±:  ovr-r  ani  above  sbe  cos;  of  coIlecti«i.  the  average  net 
r/>«t  of  disposal  ;-=rr  vear  for  :>  vears  was  $10.  InO.  or  10.074  per  capita  per  year. 
From  Tabled  VI  and  VII  it  -a-h:  also  be  sten  that  the  total  coat  of  coUectioB 
and  disposal  per  year  is  $6C>.435.  Abo-it  !.->«»  swine  an?  sold  each  year  and 
fr.'.T.  iz.r  pr*^5ent  j-rlcv  of  p^^rk  will  brlr^  abo-jt  $40  each  or  a  total  of  S6O.000. 
T"ni.=  -a-lH  ; .:?!  c,\^■yl'.  p^y  for  the  cvit  of  collection  and  disposal.  Table  IX 
rlT*:-  tr..;  estln-.it'ri  nr>:  oi>it  of  buildin?  and  stocking  a  20-  to  30-ton  gaibage 
plgerry, 

'1  •.ii.i.  '■  1  — Yz.\3Lv  Cost  »--j-  Oakbvgi:  Collection  at  WoBCEsraa.  IxcLUBora 

Capital  ChaRvies 


\      640 
AM 

780 

9. SSI 

2.590 

8.446 

14.266 


1  Y  jZ':'::.%zl.  S4o  per  rr.or.tr. 

I  iW:.  ..f.i'.  r-jll-rctor.  $42  ?-:  :..o:.::. 

.     1  .^tIf''  .  .  J.  .    C—    -..     j-V.     -.  — ."         ....    ...<..■.. 

^.   '.  J--'  .  .  .n.  v"ji    j'v-. -.--.. .- 
•j  He!p-=rr?.  fJo  p-r  ::.■.:.:■ 

(4  Hor«-:5"  '-crir-i.  «i:7  jrr^r  r..  .■::::-. 

Ir.*.erest  on  ir.v- >::■..- :.: 
2  Hors'=^«  an  1  «-.i^."r.?    $.**t*"»  oaoh. 
Depr<*ciit::'  or.  :»a:i.«.  10  *"(. . 

Hors*rar-'jeii.^ 

Wigon  rr;  iirs ... 
Veterinarj".  hard  war*-.  •.-•. 

Total  for  1  tram S278 

For  22  :■: :»::.? %  6,118 

Total  cost 942.786 


X.— EBTiyATEB  Cost  of  G.bbaob  Pioobbi  with  Cipacitt  or  20  to 

30  Tons  a  D*t 
on  conditions  eiiBling  at  Worrretcr,  Maae.     Land  not  included. 
Idings  with  a  pen  cupaFity  of  about  300  pens,  6  X  12  ft.,  In- 

torm*  and  fencing: '. ' ,'  MO.OOO 

waeons  and  slida  [or  diepoaal  work I  .SOO 

on  hand  Jun«.  1917: 

ine  @  130 SSS.OOO 

»B@  »25 2.600 

oata  (50-100  lb. )  @  »12 9 ,  800 

IB®  IS 4,500 
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The  feeding  moth(Kl  is  very  plastic  and  no  part  of  the  plant  is  idle  or  ruimiiiK 
below  capacity  part  of  the  year.  When  the  quantity  of  garbage  becomes  tea 
hogs  are  sold  off,  and  as  the  quantity  increases,  the  herd  increases  to  take  can 
of  it.  In  winter  there  are  about  2,000  swine  on  the  farm  and  in  summtf 
3,500.  About  100  to  150  pigs,  depending  upon  size,  will  consume  one  ton  oC 
garbage  per  day. 

Experience  has  shown  that  feeding  garbage  to  hogs  is  the  most  eoQUoailod 
and  satisfactory  method  of  disposal  at  Worcester  and  that  it  can  be  done  In  i 
sanitary  manner  without  appreciable  odor  if  given  intelligent  care. 

At  the  conference  on  the  subject  of  wastes  disposal  held  in  Chicago,  Dec 
7,  1917  by  the  Federal  Food  Administration,  Thomas  Home  gave  the  1917 
figures  of  operation  for  the  year  ended  Nov.  30  as  follows: 

There  was  sold  $51,800  worth  of  pork  raised  on  6,501.4  t<»i8  ctf  gaitM|k 
The  cost  (after  collection)  at  the  farm  was  $2.30  per  ton,  leaving  a  net  port 
value  of  $5.66  per  ton  for  the  garbage  delivered  at  the  farm.  Mr.  Hone 
values  the  equipment  at  $67,000,  itemized  as  of  Nov.  80.  as  follows:  iOacnt 
land,  at  $100,  $4,000;  buildings  and  platforms,  $20,000;  2j006  hosB,  942,000; 
miscellaneous,  $1,000. 

Cost  and  Operating  Data  of  High-Temperature  Refuse  Incinenitors^—>Tki 
following  data  are  given  by  Samuel  A.  Greely  in  an  article  pubUshed  In 
Engineering  News,  Aug.  26,  1909. 

Coat  of  Incinerators. — The  data  presented  in  Tables  X  and  XI  are  takn' 
from  a  paper  by  J.  T.  Fetherston,  read  before  the  American  Society  of  dvU 
Engineers,  December,  1907;  from  the  "Minutes  of  Evidence,"  Vol.  5,  1908, 
of  the  Royal  Commission  on  Sewage  Disposal,  and  from  "  Refuse  Dic^XMil  aad 
Power  Production,"  by  W.  Francis  Goodrich.  The  individual  results  dUhr 
widely  and  show  how  local  conditions  affect  the  cost  d  construction.  Then 
may  be  conditions  for  which  a  top-charged  plant  is  the  more  eocxiooikiL 
In  general,  however,  the  results  point  to  the  fact  that  the  top-chaiged  In- 
cinerators cost  about  10%  more  than  bottom-charged  incinerators. 

A  mechanical-charging  device  fitted  to  a  top-fed  plant  is  an  added  dement 
of  cost.  The  incinerator  at  Newcastle,  fitted  with  the  Horsfall  tub-f^ed,  c/M 
about  $48,000,  and  has  a  rated  capacity  of  67  tons;  which  gives  a  cost  per  ton 
of  about  $715.  At  Greenoclc,  the  incinerator,  with  Horsfall  tub-feed,  OMt 
$95,000,  and  has  a  rated  capacity  of  120  tons,  giving  a  cost  per  ton  of  $700. 
The  cost  of  the  mechanically-charged  plant  at  Leeds  was  only  $376  per.  ton; 
but  this  plant  was  built  adjacent  to  an  old  hand-charged  incinerator  Where  tt 
was  possible  to  use  the  flues,  boilers  and  chimney  of  the  old  plant.  Mr. 
George  Watson,  of  the  Horsfall  Co.,  figures  roughly  on  $17,000  as  the  ooit  per 
cell  of  a  tub-fed  incinerator.  This,  on  a  basis  of  26  tons  per  cell  per  day.  •■ 
at  Leeds,  gives  a  cost  per  ton  of  about  $650.  These  figures  Indicate  that  ft 
mechanically-charged  incinerator  may  cost  in  the  neighborhood  of  $660  to 
$700  per  ton  under  conditions  which  would  require  an  expenditure  of  about 
$550  i>er  ton  for  the  han<i-fire<l  bottom-charged  plants.  This  dlftermee.  at 
5%  annual  interest  and  310  worlcing  days  per  year,  reduces  to  about  2  eta.  per 
ton.  The  figures  given  for  the  cost  of  construction  are  for  the  whole  plantt 
including  cells,  building,  chimney,  runway,  crane  and  hopper;  but  do  not 
Include  land  or  any  adjacent  electric  plants,  sewage-pumping  atatloiu,  ete. 

Operation. — Data  showing  the  force  required  to  operate  the  different  typv 
of  plants  and  the  cost  of  n>pairs  have  been  obtained  and  aie  prffawntftj  in 
Tables  XII  and  XIII.  which  follow.  Table  XII,  hand-dMurged  indiNn- 
tors,  gives  the  tons  of  refuse  whicli  can  l)e  handled  per  man  per  hour.    All  of 
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Table  XII. — ^Labob  Rbquibed  in   the  Operation  or  Hand-Cbabgid 

Incinebatobs 

Top  charged      No.  of        Tons  of 
or  bottom-      men  per     2,000  lbs.      Tons  per 
Plant  charged  shift  burned  maiwir* 

Accrington top  5  40  0. 34 

Soltley top  3  60  0.83 

Seattle bottom  4  60  0.63 

Vancouver bottom  2  50  1.00 

Watford bottom  2  30  0.63 

Wcstmount top  3  30  0.42 

Wood  Green bottom  2  35  0. 73 

Zurich top  10  160  0.67 

Table  XIII. — ^Labob  Rbquibed  in  the  Operation  of  Mechanic allt-Ohaxqep 

Incinebatobs 

Tons  of  2,000 
No.  of  men    lbs.  burned  Tons  p«r 

Plant  per  shift  per  day  man-lioar 

Greenock 4  110  1.14 

Hamburg  experimental  plant 2  60  1.25 

Kiel 8  125  0.65 

Leeds 2  53.5  1.12 

Newcastle 3  60  0.88 

Wiesbaden 5  110  0.90 

Average 0. 98 

the  hand-fired  plants  are  grouped  together  and  averaged  for  comparison  with 
the  mechanically -charged  plants.  There  is  no  great  difference  in  this  reqiect 
between  the  hand-flred  bottom  charged  plants  and  the  hand-fired  top-chaifed 
plants. 

Actual  quantities  of  refuse  burned,  instead  of  rated  capadtieB,  axe  used  in 
reducing  the  results  to  a  man-hour  basis. 

Omitting  Accrington,  which  has  a  close,  poorly  ventilated  dinkering  looia 
where  clinkering  is  hot  and  heavy  work,  and  Westmount,  where  the  plant  li 
working  considerably  below  the  rated  capacity,  the  average  output  in  tons  per 
man-hour  is  0.75.  Including  aU  the  plants  the  average  is  0.66  ton  per 
man-hour. 

Mr.  Fetherston  sums  up  liis  study  of  27  plants,  only  one  at  whidi  wtf 
mechanically  charged  by  saying  "each  man  employed  woukl  handle  OM 
short  ton  per  hour.  At  an  easy  rate  of  working  there  should  be  no  trouble 
in  destroying  0.75  ton  per  man  per  hour." 

These  tables  indicate  that  with  a  mechanical  charging  device  about  H  ^ 
a  ton  more  per  man  per  hour  can  be  handled  than  without  it.  Assumiiiff 
25  cts.  an  hour  for  labor,  this  difference  amounts  to  5  cts.  per  ton  in  favor  of 
the  mechanically-charged  incinerators.  For  plants  fitted  with  the  HocsfftA 
tub-feed  this  may  be  slightly  greater. 

The  cast  of  repairs  for  incinerators  varies  considerably  from  year  to  year  and 
no  very  definite  results  can  be  expected.  The. mechanically-charged  plants 
have  most  of  them  been  built  within  the  last  two  years  and  there  are  veqr 
few  data  on  co.st  of  repairs.  The  plants  were  grouped  in  Tables  XIV  and 
XV  according  to  whether  they  are  bottom-charged  or  top-charged,  becaiue  top 
charging  in  general  is  harder  on  the  grate  and  hearth  and  because  the  top- 
charged  plants  are  more  nearly  analogous  to  the  mechanically-charged  planti. 
'i'he  costs  given  in  the  tables  are  taken  from  the  testimony  of  Mr.  W.  F. 
Goo<lrich  before  the  Royal  (commission  on  Sewage  Disposal,  from  Mr.  Fetbeie- 
ton's  paper,  or  were  furnished  by  Mr.  H.  Norman  Leaske,  of  Manehetter. 
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ey  gave  tables  showing  that  the  aoniiaJ  saving  In  cool,  due  to  the 
n  generoted  from  IncineratorH  Is  greater  in  the  bottoiu'charged 
,ap-charged  type,  ttie  average  saving  being  31.1  cts.  lor  the  battam- 
.  15. S  cts.  for  the  top-charged  incinerators  for  each  ton  of  refiua 
lis  saving  will  depend  upon  a  number  of  conditions  among  vhich 
oade  of  the  sleam  generated  and  the  quality  of  the  refuse  bumed. 
'I  and  XVII  indicate  the  extent  to  which  the  uselul  heat  energy 
nfluenced  by  the  method  of  charging. 

Goodrich,  in  his  book  entitled  "  Refuse  Disposal  and  Power  Pn>- 
'esenta  a  table  showing  the  number  of  electrical  imita  generated 
'etuns  destroyed  at  twenty  combined  electricity  and  destnictor 
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works.  If  the  top-charged  and  bottoiii-charge<l  plants  lLste<l  in  tlieae  tallies 
be  averaged  separately,  the  results  would  show  an  output  of  30  kw.-hra.  per 
short  ton  for  the  top-charged  incinerators  as  against  40  kw.-hrs.  per  abort 
ton  for  the  bottom-charged  incinerators. 

These  results  have  been  bettered  considerably  in  more  recent  1nfftftlltt^4««- 
Tests  made  on  the  top-charged  plants  at  Bradford  and  Hackney  and  oo  tl» 
mechanically-charged  plant  at  Greenock  developed  60,  50,  and  80  kw.4iii. 
per  short  ton  of  refuse  burned  respectively,  the  average  being  63.3  kw.^in- 
per  ton.  The  bottom-charged  incinerators  at  Stoke-updn-Trent,  Wodwidii 
Preston,  and  St.  Albans  developed,  on  tests,  97,  90,  90,  and  92  kw.-hn.  ptf 
ton  respectively,  the  average  being  about  92  kw.-hrs. 

Table    XVI. — Evaporative    Results   Obtained   in  Tests  of  Hakd-FixxBi 

Top-Charged    Incinerators 

Pounds  of 
water  evaporated 
Date  of        per  pound  of  refnn 
Plant  erection        from  and  at  212^  F. 

Accrington 1900  1 .  39 

Ashton  on  Lyne 1901  .  78 

Birmingham  (Montague  St.) 1879  1 . 56 

Bradford  (Humerton  St.) 1898  1 . 25 

Bury 1901  .94 

Canterbury 1899  1 .  54 

Fleetwood 1900  1 .  19 

Fulham 1901  1.30 

Hackney 1902  1.42 

Llandudno 1898  .86 

St.  Helens 1899  1.64 

Shoreditch 1897  .96 

Saltley 1 .  82 

West  Hartlepool 1901  1 .26 

Wandsworth 1897  1.24 

Westmount 1899  1.36 

Average 1 .  27 

Table    XVII. — Evaporative    Results    Obtained    in    Tests  or  Bottom- 

Charoed  Incinerators 

Pounds  of 
water  evaporated 
Date  of  per  lb.  of  refuse 

Plants  erection        from  and  at  212*  F. 

Ayor 1903  1 .  58 

Burnley 1902  2.00 

Burslem 1889  2.16 

Darwen 1899  1 .  48 

Eccles 1904  1.85 

Grays 1901  1.22 

Gloucester 1902  1 .74 

Kings  Norton ....  2. 68 

Hereford 1897  1.67 

Lancaster 1901  1.63 

Mansfit'hi 1903  1 .80 

NolHon 1900  1.77 

Northampton 1903  1.32 

Preston 1903  1.70 

RathniincH ....  1 .  78 

Rochdale 1894  1 .81 

Salcsbury 1902  1.28 

Seattle 1907  1. 

Watford 1903  1 .66 

West  New  Brighton 1908  1.82 

Average 1 .  07 


Crete  and  the  upper  story  Is  ot  brick.  The  floon 
rolling  doora  uid  the  wtndow  trsmes  srtd  sashes  are  otiteel  and  the  roallt 
lie  on  steel  puriins.  The  building  Is  40  ft.  square.  The  entire  upper  floor 
ised  for  a  dumplog  floor,  except  a,  small  space  ui  one  coraer  whk^ 
sed  for  an  offloe.    The  Incinerator  is  on  the  lower  floor  and  candBls  of  two 

adlsl  brlcK  and  la  IGO  ft.  In  height.    It  1b  lined  wIUl  flre  brick  for  Its  entire 

:ht. 

:ach  unit  coaelata  of  two  grvXee,  two  drying  hearthi.  two  storage  bins,  two 

■Tgeacj  hoppers,  a  combustion  chamber  and  a  dust  pit.     Each  furnace 

ISO  equipped  with  a  hot  water  heater  and  a  steel  tank  for  storing  the  hot 

er,  which. Is  used  for  washing  the   wagons,  a(«el  baaketa,  floors,  eto^ 
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Dampers  are  arranged  so  that  the  heat  can  be  turned  onto  the  hot  water  boilers 
or  direct  into  the  stack.  The  storage  bins  are  connected  with  the  sewer  and 
all  wet  garbage  is  dumped  into  them.  These  storage  bins  are  equipped  with 
mechanical  stokers,  operated  by  electric  motors  and  the  garbage  is  fed  onto 
the  drying  hearths  as  needed.  All  dead  animals  and  dry  combustible  refuse 
is  dumped  into  the  emergency  hoppers. 

The  plant  was  completed  and  accepted  by  the  city  on  Dec.  20, 1013.  For 
some  time  pre\ious  to  this  the  city  had  been  burning  all  garbage  that  was 
hauled  to  the  plant  but  the  city  did  not  install  its  system  of  ooUection  until 
Jan.  7.  1914. 

Garbage  Collection  System. — The  collection  ^stem  at  the  start  was  an  experi- 
ment. We  did  not  know  the  amount  of  garbage  we  would  have  to  oc^ect  nor 
the  number  of  men,  horses  and  wagons  it  would  require.  The  council  on 
July  16,  1913,  passed  an  ordinance  regulating  the  collection  at  garbage  and 
placed  the  same  imder  the  jurisdiction  of  the  Board  of  Public  Works.  This 
ordinance  provides  that  the  garbage  shall  be  0(^ected  in  the  business  districts, 
three  times  a  week  during  the  month  of  June,  July,  August  and  September  and 
twice  a  week  during  the  balance  of  the  year;  and  in  the  residence  districts 
twice  a  week  during  June,  July,  August  and  September  and  once  a  week  the 
balance  of  the  year. 

On  Jan.  9, 1914,  we  started  collecting  with  three  one-horse  wagons,  with  the 
driver  alone  on  the  wagons.  We  found  that  we  could  not  cover  the  city,  as 
provided  in  the  ordinance,  with  this  force,  so  on  January  20  we  put  a  helper  on 
each  wagon.  This  force  was  sufficient  until  May  8,  when  an  additional  wagon 
with  driver  and  helper  was  put  on.  Previous  to  May  18  but  one  furnace  had 
been  in  use,  but  at  this  time  we  found  it  necessary  to  run  both  fumaoes,  so  an 
additional  fireman  was  put  on. 

On  June  1,  1914,  we  started  to  carry  out  the  provisicms  of  the  city  ordinance 
for  a  tri-weekly  collection  in  the  business  districts  and  twice  a  week  in  the 
residence  dlfttricts,  so  two  more  wagons  were  started,  mi^dng  six  wagons  with 
12  men  collecting  and  two  firemen  and  the  superintendent  at  the  plant,  which 
is  the  same  force  that  we  have  at  the  present  time  (August,  1915).  These 
men  worked  nine  hours  per  day.  We  found  that  during  the  mcmths  at  July, 
August  and  September,  the  amount  of  garbage  increased  so  much  that  it  was 
necessary  to  work  the  men  12  hours  instead  of  nine.  After  September,  the 
amount  of  garbage  collected  began  to  decrease  and  the  men  were  placed  again 
on  their  regular  time  and  during  the  winter  months  some  of  the  wagons  were 
taken  ofT  for  a  portion  of  a  week  and  only  one  furnace  was  used.  The  men  are 
now  working  1 1  hours  per  day.  Each  wagon  is  making  from  5  to  7  loads  per 
day,  according  to  the  district  the  wagon  serves. 

The  city  is  divided  into  collection  districts  and  each  wagon  has  certain 
districts  to  take  care  of.  The  wagons  are  steel  bodied,  steel  covered  dump 
wagons,  with  a  capacity  of  37  cu.  ft.  The  wagons  and  horses  are  owned  by 
the  city,  the  bam  for  the  horses  being  located  in  the  rear  of  the  plant.  The 
cost  of  collection  and  disposal  is  borne  by  the  city  at  large,  provisiiMi 
therefor  being  made  in  the  annual  budget. 

When  we  first  began  operating  the  plant,  we  were  handicapped  by  thefaet 
that  we  had  no  scales  to  weigh  garbage,  coal,  etc.,  as  it  was  brought  to  the 
plant.  The  city  council  authorized  the  Board  of  Public  Works  to  InsteU  a 
modem  10-ton  scale  and  on  Aug.  13,  1914,  we  started  weighing  every  pound 
of  garbage  that  was  brought  to  the  plant,  also  all  coal,  hay,  feed,  etc 


niiu«l  Operatliig  R«aid  ol  Refuse  Diipsul  of  Palo  Alto,  Callt.— Tb« 

tviiag  Btatoment  from  the  annuaJ  report  at  the  Board  of  Public  Works, 
>  Alto,  Callt.,  gJTlne  the  operating  renord  for  the  rear  1916-17  IB  given  In 
Ineertng  NewB-RecortI,  March  7,  1B18, 


$7,248.25 
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Opebations  of  Palo  Alto  Refuse  Destbuctob 

Receipts  from  refuse  collection $6,879. 95 

Penalties 18 .  50 

Sundry  material,  etc.,  sold  to  city  departments 190. 00 

Miscellaneous  receipts 159 .  80 

Destructor  plant  wages $1 ,  909 .  65 

Power 89.04 

Maintenance 15.99  $2,014.68 

Refuse  collectors'  wages 3 ,  778 .  63 

Repairs..- 3.00     3.781.78 

Salaries 480. 55 

Printing  and  stationery 119.00         599.55 

Bond  interest 823. 09 

Depreciation 700. 13  $7,919.08 


Net  loss $     670.83 

Remarks: 

Number  of  furnace  grates  in  incinerator 2 

Total  grate  area  (sq.  ft.) 33 

Weight  of  refuse  burned  (tons) 2,011.61 

Weight  of  residual  clinker,  ash,  etc.  (tons) 400. 18 

Percentage  of  residue , 19.9 

Average  amount  of  refuse  burned  per  hr.  (tons) 0.75 

Average  amount  of  refuse  burned  per  sq.  ft.  of  grate  area  per  hr.  (lb. )  45 
Total  weight  of  water  fed  to  boiler  (lb.),  not  including  water  for  clean- 
ing and  blowing  down  boilers 770 ,  539 

Water  evaporated  per  lb.  of  refuse  (140  lb.  per  sq.  in.  bmler  working 

pressure) 0. 19 

Horses  cremated,  8;  dogs  cremated,  28;  cows  cremated,  1. 

Average  water  per  ton  of  refuse,  lb 1 ,088 

Average  combustible  matter  per  ton  of  refuse,  lb 612 

Average  non-combustible  matter  per  ton  of  refuse,  lb 309 

The  Palo  Alto  destructor  is  of  the  Dundon  high-temperature  type.  It  haa  » 
nominal  daily  capacity  of  30  tons  of  mixed  refuse  and  cost  about  $18(000. 
The  population  of  Palo  Alto  is  estimated  at  5,900. 

Cost  of  Operating  Destructor  with  Steam  Utilization,  at  SftTaimali,  0«w — 
The  following  matter  is  taken  from  an  abstract  (Engineering  News,  Feb.  11, 
1915)  of  a  paper  by  E.  R.  Conant  read  before  the  American  Society  of  Mun- 
icipal Improvements,  Boston,  Mass,  Oct.,  1914. 

The  population  of  Savannah,  about  80,000,  is  some  60%  white  and  40% 
colored.  From  Mar.  23  to  Oct.  1,  a  total  of  18,033  tons  of  refuae  was  ooUeoted, 
including  household,  hotel  and  restaurant  garbage  and  rubbish,  paper  and 
rubbish  from  stores,  material  from  street  receptacles,  and  some  househcAd 
ashes.  The  mean  daily  collection  varied  from  54  tons  in  March  to  about 
100  tons  in  July.  The  average  cost  of  collection  was  $2.29,  including  labor, 
care  of  stock,  repairs  to  carts  and  harnesses  and  the  purchase  of  floiall  appli- 
ances for  use  in  collection  work.  At  the  height  of  the  watenn^cm  and  canta- 
loupe season,  the  percentage  of  garbage,  by  weight,  was  about  56%.  During 
the  remainder  of  the  year,  the  percentage  of  garbage  varies  from  40  to  46%. 
In  winter  the  ashes  collected  do  not  amount  to  more  than  10%  of  the  total 
collection,  if  that.  Early  in  1913,  E.  R.  Conant,  Chief  Engineer  of  Savannah, 
recommended  to  the  city  coimcil  that  a  high-temperature  furnace  or  destniotor 
be  installed.  This  the  council  decided  to  do.  General  spedfications  were 
prepared   and   bids  secured.    In  July,   1913,   the  council  awarded  to  the 
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works  pumping  stfttioo- 
he  destructor  boilere  to  I 
main  features  of  the  pla 
•Ian  and  20  ft.  deep,  Into  ' 
s:  an  electric  travelinB  c 
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I  the  destruction  of  AO  to  75  tons  of  refuse  per  day,  which  comprised 
ectioniD  IS  14,  only  one  unit  was  operated,  bo  as  to  supply  steam  to  the 
ig  station  continuously.    The  plant  Is  operated  in  three  shifts. 
Winff  Costs  undrr   WorHna  Conditions,   Mar.  U  ta  Sept.  SO.    1914.— 

a  period  of  just  over  Bin  months,  14.364  tons  of  rtduse  were  burned  at 
cost  of  tS. ass.  Including  (428  for  a  welghman  and  t370  for  alaborer at 

supervising  the  dumping  of  cars.  This  gives  an  average  cost  ofeZJic., 
^mparing  this  with  the  guaranleed  cost  of  40.4ets,,  It  must  be  remem- 
that  the  guaranteed  price  was  based  on  the  plant  working  at  tuU 
y.  Deducting  the  value  ot  fuel  saved  at  the  pumping  elation,  the 
t  was '41,6  els.,  per  ton. 

dry  refuse  the  clinker  varies  from  20  to  2S%  of  the  refuse,  but  during 
d  August  it  runs  tram  25  to  30%. 

,t  (3.000,  or  »500  per  month,  was  saved  In  fuel  from  Mar.  24  to  Sept.  30. 
s  at  the  plant,  it  la  expected,  will  raise  this  saving  to  tOOO  per  month. 
!d  at  full  capacity,  it  is  estimalM  that  the  fuel  saving  would  be  llOOO 
nth.  It  may  be  added  that  the  pum ping-station  equipment  consists 
10,000 ,000-gat.  Holly-Gaskell  duplex  compound  pumping  engines  and 
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o  cioss-compound  air  compressois,  itU  of  wbicb  are  operated  condeiuing. 
-•K  .  . ,  g         The  Bteun 

-  preasura  Is  carried  up  to  ISO 

t-So    v-nvccSf'S  lb.  with 
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Cost  of  Garbage  Collection  and  Redaction  at  Cleveland,  O. — The  cost  ol 
collecting  and  reducing  garbage  in  1917  at  Cleveland,  O.,  increased  materially, 
according  to  the  1917  report  of  F.  L.  Stockberger,  Engineer  of  Reduction. 

The  amount  of  garbage  collected  and  reduced  during  1917  was  56,121  tons, 
which  is  a  decrease  of  4,596  tons  in  comparison  with  the  3rear  1916.  The 
amount  of  finished  material  produced  from  this  garbage  was  3,071,022  lb.  of 
grease  and  6,241  tons  of  tankage.  This  is  a  decrease  of  796  tons  of  tankage 
and  of  748,303  lb.  of  grease.  The  decrease,  states  the  report,  was  caused  by 
the  decrease  in  the  quantity  of  green  garbage  collected,  the  high  price  of  all 
foodstuffs  and  by  the  conservation  movement  which  was  in  vogue  during  the 
greater  part  of  the  year. 

The  cost  of  collection  was  as  follows: 

Per  ton 
green 
Amount      garbage 
Supervision : 

Labor— collecting $157,071     $2.79S8 

Labor — shoeing 4, 164         .0742 

Supplies: 

Shoeing 1.501  .0267 

Office 146  .0026 

Fuel,  light  and  power 1 ,529  .0272 

Feed 25,330  .4514 

Barn 777  .0138 

Motor  vehicle 2,468  .0438 

Mechanical 138  .0024 

Cleaning  and  toilet 88  .0006 

Other  miscellaneous 147  .0025 

Miscellaneous  Expense: 

Transportation — employes 

Telephone  and  telegraph 169  .008 

Team  hire 1     

Insurance 786  .0181 

Taxes 199  .0035 

Rented  land 1.919  .0842 

Damages 8  .0001 

Freight  on  garbage 12,393  .2208 

Other  miscellaneous 12  .0002 

Total  operating  cost $208,741     $8.7189 

I^aintenance  * 

Cars  and  wagons — labor $    3.398  $0.0005 

Cars  and  wagons — material 3 ,  326  .  0598 

Harness — labor 1 ,249  .0228 

Harness — material 1 ,608  .0286 

Buildings— material 1 ,820  .0324 

Office  furniture  and  fixtures '            2     

Machinery,  tools  and  implements 299  .0058 

Motor  vehicles 839  .015 

Other  miscellaneous  equipment 2,765  .0498 

$  15,809  $0.2727 

Total  collection  cost 225,850  4.084S 

Loss  on  horses 1 ,211  .0216 

Depreciation 8,978  .  1500 

Entire  cost,  including  depreciation $236,085    $4.2068 
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g  business  strei 
n  light  traffic  a 

.  of  the  area  to  be  covereil  during  the  remainder  of  the  day  does  not 
thorough  cleanlDg.  The  time  studies  showed  that  street  laborers  In 
lid  sot  work  as  eiGclentl;  as  alngle  laborers  each  having  his  IndlrMual 
lent;  time  ia  lost  hi  conversation  and  by  the  pace  being  set  to  accommo- 
tte  poorest  laborer.  Generally,  the  time  studies  showed  that  street 
g  la  handicapped  by  lack  of  control,  Instruction  and  superrtalaii  and 
incentive  due  to  non-recognition  of  ability  and  efficiency. 
1  the  time  studies  of  1912-1913.  a  perfect  standard  of  watk  WM  com- 
they  also  showed  that  able  street  cleaners  working  regularlir  and  under 
tiooa  hi  proper  methods  were  able  to  do  more  than  the  aitainabit  Btsnd- 
ich  was  set  at  85  per  cent  of  the  perftcl  standard.  Under  employment 
IDS  aa  they  eiiat  at  present  It  was  felt  that  the  aUaittiMe  standard  of  Sfi 
t  couid  not  be  expected,  and  so  lor  1914  computatlma  aie  based  on  a 
-d  of  74,4  percent. 

lards  and  Factort. — The  conditions  and  factor  which  Control  the 
.  and  frequency  of  cleaning  of  any  pavements,  other  conditions  being 
le.  may  be  summarized  as  follows: 

enslty  of  horse-drawn  vehicles  and  other  traffic;  (2)  width  <rf  streets; 
-aoter  of  district  and  population:  (4)  location  of  streets;  (5)  proximity 
Lved  Streets  and  alleys;  (6)  location  ot  public  buildlnga,  parks,  etc. 
d  aud  condition  of  pavements. 
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As  a  result  of  the  study,  it  has  been  definitely  determined  that  the  density 
of  horse  traffic,  which  is  the  total  number  of  horses  passing  through  a  given 
street  divided  by  the  width  of  the  street,  is  the  principal  factor  which  deter- 
mines the  number  and  frequency  of  cleaning  which  one  street  should  be  given. 
The  experiments  made  to  determine  what  relation  the  yardage  of  dirt  col- 
lected in  any  street  had  to  the  number  of  cleanings  indicates  that  this  factor 
is  not  definite,  but  is  a  direct  function  of  all  the  other  factors  above  noted. 

As  the  traffic  conditions  on  a  street  determine  to  a  great  extent  the  number 
and  frequency  of  cleanings  which  should  be  provided,  in  order  that  the  service 
be  always  distributed  uniformly  and  equitably,  it  will  be  necessary  that  trafBc 
census  be  made  regularly  each  year  In  the  different  streets  of  tlje  city.  Traffic 
census  taken  at  regular  intervals  each  year  will  show  any  changes  in  the  <diar- 
acter  of  the  districts  and  the  necessary  changes  in  cleaning  service. 

From  the  studies  made  the  street  cleaning  constants  given  in  Table  I  wen 
determined. 

Upon  the  above  factors  the  number  of  cleanings  per  week  which  any  street 
having  permanently  improved  pavement  will  receive  is  expressed  by  tlM 
equation : 

E 

N  "  —   ■ 
CW 

where  N  —  number  of  cleanings  per  week. 

E  —  total  number  of  horse-drawn  vehicles  per  8-hoiir  day. 
W  —  width  of  roadway  in  feet. 
C  B  constant  of  cleaning. 

In  the  case  of  streets  where  investigation  gives  data  of  traffic  of  vehlolai 
and  i)edestrians  and  restricted  roadway  due  to  standing  vehicles  and  general 
special  considerations  which  necessitate  the  modification  of  the  value  of  the 
constant  C  in  the  above  equation  the  schedule  should  be  arranged  so  that  the 
cleaning  service  is  in  accordance  with  requirements  and  stuidard  maintaiiied. 

For  residence  and  street  railway  streets,  or  streets  on  whidi  chuicbfls, 
schools,  hospitals,  playgrounds  and  general  public  institutions  are  located,  the 
application  of  the  constants  (Table  I)  to  traffic  conditions  might  give  results 
below  the  necessary  minimum.  In  such  cases  the  formula  is  used,  but  tbe 
minimum  number  of  cleanings  for  streets  having  these  characteristics  has 
been  determined  by  a  separate  basis,  as  shown  further  in  Table  I. 

Table  I.  Street  Cleaning  Constants 

Wards —  Av.  res.  At.  boi 

Inlying 2.1  2.6 

Outlying 2.6     -       2.8 

Minimum  Cleanings  pbb  Week  on  Habd  Pavembnts 

Cleanints 
per  wwk 

Inljdng  wards S.O 

Outlying  wards 1.0 

Minimum  Cleanings  per  Week  on  Car  Track  Streets 


Head  way      Head  wav        Head  way 
up  to  3  mm.  3  to  10  mm. 


up  to  3  mm.  3  to  10  mm.     10  mia.  sr 

moia 

Inlying  wards 6  5  4 

Outlying  wards 6  3  | 
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rimental  work  In  connection  with  the  cleaning  ot  Improved  alleya  has 
trated  that  (he  traffic  on  alleys  does  not  control  the  number  of  clean- 
be  glren,  that  there  la  practically  no  difference  In  the  thne  required  to 
le  various  khida  of  pavements  in  alleya  and  that  a  reasonable  dght- 
y'a  work  lor  an  average  laborer  is  eight  blocks  or  approilmately  one 
Improved  alleys. 
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The  oiling  of  macadam  streets  during  the  past  few  years  has  had  an  ezoeQent 
efifect  upon  the  surface  of  these  streets.  The  surface  of  many  has  become  suffi- 
ciently smooth  to  require  more  cleaning  than  could  heretofore  be  given  to  the 
plain  macadam  streets.  Analysis  of  the  standard  of  work  which  one  man  can 
perform  on  oiled  macadam  streets  indicates  that  the  rate  of  cleaning  lyi 
miles  of  oiled  macadam  in  an  eight-hour  day  can  be  reasonably  expected  of 
any  man,  and  this  standard  has  been  assumed  in  the  preparation  of  estimates 
for  the  1914  appropriations.  The  number  of  cleanings  which  are  to  be  givoi 
to  these  oiled  macadam  streets  is  as  follows: 

Cleaninn 
per  week 

Inlying  wards 3 

Intermediate  wards 2 

.Outlying  wards 1 

The  number  of  cleanings  which  it  has  been  assumed  will  be  given  to  the  plain 
macadam  and  cedar  block  streets  exclusive  of  country  roads  is  as  foUowB: 

Inlying  wards G  times  during  the  cleaning  season,  or  approzi- 

mately  1  cleaning  per  month 

Intermediate  wards 4  cleanings  per  year 

Outlying  wards 3  cleanings  per  year 

Analysis  of  the  records  of  the  cost  of  cleaning  the  macadam  and  cedar 
block  pavements  has  shown  the  following  relationship  between  the  total  cost 
of  cleaning  such  pavements  and  the  cost  of  the  spring  cleaning  of  the  same 
pavements,  which  is  shoA^n  under  Spring  Cleaning.  In  wards  where  the 
macadam  and  cedar  block  pavements  are  cleaned  three  times  -per  year, 
the  total  cost  of  cleaning  these  pavements  is  approximately  twice  the  cost  of 
the  spring  cleaning.  In  wards  where  the  macadam  and  cedar  block  paye- 
ments  are  cleaned  four  times  per  year,  the  total  cost  of  cleaning  these  pave- 
ments is  approximately  2>^  times  the  cost  of  the  spring  cleaning.  In  thon 
wards  where  the  macadam  and  cedar  block  pavements  are  deaned  six  times 
during  the  cleaning  season,  the  total  cost  of  cleaning  of  these  pavements  is 
approximately  four  times  the  cost  of  the  spring  cleanup. 

A  general  spring  cleaning  is  provided  for  all  streets  of  the  city  which  do  not 
receive  attention  during  the  winter  months.  The  heavy  dirt  which  la  washed 
from  the  center  of  the  street  and  which  accumulates  in  the  gutters  during 
the  winter  season  is  piled  up  and  removed  from  the  street  before  the  regular 
block  cleaning  work  is  begun. 

Study  has  been  made  of  a  number  of  different  methods  which  are  used  In  the 
removing  of  the  dirt  in  the  spring  cleaning.  The  unit  costs  of  such  walE 
indicate  that  the  assignment  of  one  man  to  a  definite  length  of  street  or  ths 
assignment  of  a  small  gang  of  not  exceeding  three  men  to  definite  lengths  of 
street  are  most  effective  and  economical.  Where  a  gang  of  three  men  is 
assigned  to  this  work,  team  work  is  developed  by  the  use  of  one  man  In  nmo^ 
ing  the  dirt  from  the  road^^-ay  and  one  man  each  for  the  gutters.  On  the 
granite  and  brick  pavements  coasiderable  more  brooming  is  neoessaiy  on  the 
roadway.  The  granite  and  brick  pavement:*  and  the  cedar  block  paTements 
require  that  the  dirt  be  scraped  from  the  center  of  the  street  to  the  gutten 
before  piling  of  the  dirt  in  tlie  gutters  can  Imj  commenced. 

It  has  btH'n  found  that  the  rate  of  spring  cleaning  of  the  center  of  afreets 
varies  with  the  conditions  of  the  pavement  and  that  the  rate  of  piling  dirt  IB 
the  gutters  is  i)ru('ti('ally  indeiK^ndent  of  the  condition  of  the  Impnyved  pave- 
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St  ol  Street  Cleaning  it  Philadelphia. — Engineering  and  Contractliig. 
5,  1917.  publishes  the  Following  interesting  data  on  street  cleaning  casta 
lUadelphia,  contained  in  the  19lfi  annual  report  of  the  Bureau  of  Higli- 
Speoial  block  tests  on  various  types  of  paveroenta  were  made  with 
ine  brooms,  the  average  costs  being  as  follows: 

yd.'.  ««. 


s  dirt  removed  per  1,000  Bq.  yd.  of  pavement  was0.lfi8cu.jd.;  98  gal.  of 
'  were  used  per  1,000  aq.  yd.  cleaned.  On  the  regular  work  the  average 
of  street  cleaning  with  machine  brooms,  baaed  on  the  district  lepoita. 
8.2  ct.  per  1,000  aq.  yd. 
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The  unit  costs  per  1,000  sq.  yd.  of  street  cleaning  by  other  methods  were  aa 


follows 


Hose 

.    -..  '?niii 

Flushing, 

flushing, 

Blockmen, 

—^'      ■OqUCi;|4«t; 

Average 

Average 

average 

average 

average 

from 

from 

from 

from 

from 

block 

district 

district 

district 

district 

District,  number 

tests 

reports 

reports 

reports 

reports 

1-A 

..     $0,131 

$0,223 

•   ■    •    ■ 

$0,083 

1-B 

.174 

.204 

. 

.081 

2 

.130 

.196 

.156 

.179 

3 

.118 

.094 

157 

$6,474 

.282 

4-A 

.176 

.126 

174 

.216 

4-B 

.115 

.115 

.140 

5 

.218 

.192 

148 

.111 

6 

.137 

.182 

150 

.174 

Average $0. 148 


$0,156 


$0,157         $0,474 


$0,152 


The  squeegee  used  240  gal.  of  water  per  1,000  sq.  yd.  cleaned  and  the  fluflher 
used  622  gal.  The  amount  of  dirt  per  1,000  sq.  yd.  removed  by  the  squeegee 
was  0.03 1  cu.  yd.  the  blockmen  removed  0.051  cu.  yd.  per  1,000  sq.  yd. 

The  squeegees  were  used  on  sheet  asphalt  and  wood  block  streets  only. 

Flusher  dirt  was  removed  by  blockmen. 

The  cost  of  labor  and  equipment  per  day  was  assumed  as  follows: 


Superintendent $4 .  00 

Foreman 2 .  50 

Gangmen 1 .  75 

Blockmen 1 .  50 

Dum];>men 1 ,  50 

Machine  broom 5 .  50 


Squeegee $  6.00 

Auto  flusher 15.00 

Dirt- 
Wagon 6.00 

Cart 3.50 

Sprinkler 6 .  00 


Street  Cleaning  Costs  at  Houston,  Texas. — Engineering  and  Contracting, 
Sept.  5,  1917,  gives  the  following  data  taken  from  the  1916  annual  report  of 
the  Street  and  Bridge  Commissioner  of  Houston,  Tex. 

Street  Sprinkling. — The  motor  sprinkling  covered  250  blocks  twice  dally 
and  57  blocks  four  times  daily.  The  total  yardage  sprinkled  each  day  was 
1,083,000  sq.  yd.  In  1916  the  motor  sprinkler  was  in  operation  for  262  days. 
The  total  yardage  sprinkled  was  283,746,000  sq.  yd.  and  the  total  cost  yns: 


Chauflfeur 

GasoUne , 

Lubricants 

Bepairs  and  renewals. 

Total 


Per  day 

$3.00 

1.80 

.50 

4.20 


$9.50 


Total, 
262  days 

$1,080 

872 

131 

1,255 

$2,888 


This  gives  a  cost  of  approximately  1  ct.  per  1,000  sq.  yd.  of  street  surfftce 
sprinkled. 

About  1.632.000  sq.  yd.  of  street  surface  were  sprinkled  each  day  by  mule- 
drawn  sprinklers.  Six  of  these  outfits  were  in  use  at  a  daily  cost  of  825,  made 
up  of  the  following  items: 

6  drivers 812.00 

12  mules 12.00 

Renewals 1 .  00 


Total. 


885.00 
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li  ar-'l  Pick  Vp. — In  the  budiiMB  dbtilct  &  tarn  om^mam  i 
tomian  CtCBOed  221.000  ■■].  jd.  of  atraet  nnfttce  lUlr  aiwpl 
hen  the;  cleaned  about  «i»-tuUI  tlila  Knount-    The  total  «o« 

1-.-,  ■«,  „„.lJy tlO.126 

SCO 

ticezs 


.'i.<iOi)  M).  y<|.  weiT  rleimeil  In  the  rcmr.  mkhinc  the  tart  33Si  ft 
il'l'iyiil  on  i^k-up  wurk  uD  tbebusincsB  streelaa 


ns.oo 
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'r-lollH!-!  rt.  per  1,000  »q,)-d  Buiface.    Itremoved  B.IMcu.jtI- 
,1  ™-l  of  tl  10  i»-r  riihk-  yurd. 

r  k-!i;i  work  »U5  (liindled  by  iin  outfit  consisting  of  two  trucks. 
>.  liiTn.'nHn<Hon-iniin;abi>»ix[milp  tenuis.  12  mm  and  forpnima. 


STREET  m'RlNKLiNG  AND  CLEANING 
Team  piclc-up  equipment  coat  Urt  jvat,  openttnc  3M  dars — 


SID. 00 

000,00 

.  fl2.8A».00 


Slteel  CleanlDf  Piictici  ia  ClUii  of  From  lO.Doa  te  100.000  PopnUtleB.— 
The  toUowIng  notea,  taken  from  EnKbteerins  and  CoDtnctlnc.  Sept.  30.  ISII. 
were  given  by  tbe  officials  <rf  the  various  clttee. 


n 


Om  Mihiw*..Ii.. 


PiACnci 

IN  Macbimi 

^S 

SJ   ut 

iS*- 

Ilii 

M 

as, 000 

::::    i 

■4-  a 

lii  ■-.■■ 

Ja'fk^^nl''.  Fla.".'.'. . '.'.'.'.'.'.'.  .\     3         .".'.""      ."*       SJi       .  .•      . .» 

Oklahoma  C3ty.  Okla 8 1         1 

SpiUKfisUl.  Mm*.  . .    : 3  SO.OOO       ...       3  3         1 

Troy.  N.  Y 3"        30,000        4»        3"        .."    .." 

*  Altoona,  Ps.  and  Huntiocton.  W.  Va   bave  10-hr.  day,  alt  othen  have  S-hi. 

I  08  blorlu  lor  one  iwnper^  S&  blocks  for  too  ■>««[>«».     <  3-yd.  dump  oaconi- 

■  Oa  bituliihic:  oa  Brlaiac  block  about  ons'filth  lew.  ■  Thrse  outa  nth  oue 
additional  man  lo  help  load.  >  Frr  *«k^  iDclude*  (lauitf  blorks  and  cobblM. 
•  Thr  niaht  forrv  ol  4  mcti,  S  teanu  and  I  foreman  handln  the  iweFplna 

■  Double  teams  iritli  w  rdiu  ■  I^rae  drop  bottom  dump  wagona.  3  men  to 
•Bcb  wason.  ■  SHccpinn  picked  up  by  renilv  (iubB(s  carta  in  mornlna, 
4A  carta  neinc  en^ajted  for  IH  to  3  hours  taking  up  aweepincs  of  entire  area 
iirmt,  ■'  a  to  .1  BWMpcrt.  "  4  milt»  fOT  (ang.  ''  3  men  follow  rant  of  I 
machines.  i>  Bweepinis  Rathcred  into  cans  by  patrolman  on  hli  beat  aod 
tetooted  by  teanu  that  Ksthci  hoase  refuss. 


As  to  the  cranparatlve  costs  one  city  repotted  (hat  the  ooM  of  sweeping  by 
machine  and  by  hsod  was  about  tbe  lame.  while  13  cKlea  reported  that  niachtae 
■weeping  was  not  mote  eipeoiihe  than  hand  sweeping.  At  Charleston.  S.  C 
(he  coat  of  BweepinK  with  hnrw  Hweeiier  and  Hang  was  plaeed  at  74  els.  per 
10.000  sq.  ft.  This  roKt  diiTK  not  Indiidv  npw  equipment  but  does  Include 
nmoTal  of  RweepingH. 

Palral  Svidin. — ^Prartlcully  all  of  the  31  citlea,  rejioned.  employ  the  patrtd 
tjitem  In  cleaning  the  utreeta  by  hand  sweeping.    At  Altoona.  Pa.,  the  patrol 
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Team  pick-up  equipment  coat  last  Taat,  o 


^S3h 


Sliael  Cleanlni  Piactice  Id  ClUei  o[  Ffom  10.000  to  100,000  Popal«llon.— 
The  toUowing  notes.  Ukea  from  Enffineerinx  Bod  Contnctliic.  Sept.  30.  1011. 
wera  given  b;  the  ofSdaJa  of  the  various  dttea. 

TlBLB   III. — 8DHH:iai   or   GCHIIUL   pRACnca   IH    MtCSIKI    CLItHIHa 

B  ^»  ft      g-o? 

A  'V-  mh       I 

Jl    III  lUl'.i  I 

68'         8  «        3« 

as, 0001    3H     10        1'     3' 

4S!S.0OO>     12  S         S 

1       !•     a* 

68,000       ....       9  3         S      . 


^yon^t 

»4° 

•^■■:::  :■:■:::  h 

a.30D        lU 
3,400        3>i 


aw 


90.000 


30.000        4"        2"         .."    .." 
ntinctDii,  W.  Va.  bave  lO-hr.  day,  all  olh«n  hara  S-ht. 

On  bftulithic:  od  Bciaiaa  block  about  one-fifth  laa.  •  Th»e  oarta  with  one 
idditjonal  man  td  hrlp  load.     >  Per  wetk.  Inoludn  (ranitc  block*  and  cobblo. 

■cb  Tacon.  ■  SwEcpiaa  picked  up  by  reiidar  larbaaB  carta  in  m«i^ns, 
lA  carta  bcinA  eneaced  for  IK  to  7  boura  takina  up  aweepinn  of  entire  area 
rept  »a  (o  a  >wHpen.  <i4  m<l«  for  can«.  '•3  men  follow  nnc  of  S 
aohjna.  ^^  BweepLnce  (ratbered  into  rana  by  patrolman  on  hit  Deat  and 
reOiDved  by  teams  that  latbei  bouKC  refuaa. 

As  (o  the  comparative  coAts  one  dtr  reported  that  the  oont  of  sweeping  bf 

mschloeand  by  buid  wan  about  the  aame.  while  12cltleeleportedthatniachliw 
■weeping  was  not  more  eipeonPfe  than  hand  sweeping.  At  Charleston,  8.  C. 
the  cost  of  BweeplttK  with  hnrm-  Hweepei  snil  Kang  wan  plHrrd  at  74  cts.  pet 
10.001)  Bn.  ft.  This  cost  doi-B  ni)t  Include  new  equipment  but  does  Include 
lemov^  of  sweeplnfn. 

Patrol  5v*i"n'— Practically  all  of  the  21  citlee,  reporteil,  employ  the  patrid 
•yalem  In  cleaning  the  streets  b;  hand  sweephig.    At  Altoona.  Pa.,  the  patrol 


STREET  iU'RINKLIXG  AND  CLEANING 
m  ptck-up  m 


3.S3a 
864 


Repun  and  renewttia «00,00 

TMia  [»t  you. )13,8W.O0 

Slt**t  ClMdinf  Piaclica  in  Clliai  ol  From  lO.OOO  to  100.000  Popolatloa.— 
The  roUowing  Dote».  taken  (rom  Engtoeerlnx  and  Contnctlnx- Sept.  30.  IBll. 
were  gtven  br  tbe  oOtdalB  of  the  vuioiui  dtleg. 

TuLi  til,— SoHHtaT  or  Geheul  Prictici  in  Maci 


I     H    II  ill 
is     t'i    |.  -3.: 


Charleaton,  8,  C. . 


6S1 

8,000'     3M 


i»  •<:; 


1 


ae-SIth  !• 


SpnncEdld.  Maa.  3  SO.OOO 

■fny.  NY  3i«        30.000 

■  Altoona,  Pa.  apd  Huntiniton.  W.  Va  have  lO-hr.  day.  all  othna  have  S-bi. 

'I'oR  block!  (or  OM  •vpeper ;  Sfi  blocka  fa 
•On  bitulithic:  oa  liFlKlaa  block  about  t 
•ddltiotial  man  lo  hflp  load.     ■  Per  week 

■  D«uble  tmnu  with  w-  gona  ■  I^rtc  drop  bottom  dump  waaona,  3  men  to 
•■eb  (raaan.  '  Mwrcpinaa  pirkrd  up  by  regular  larbaas  rarta  io  Diornlna. 
45  c*rta  beins  eojiajied  for  IH  to  2  liourm  taldiu  up  aweepinita  of  entire  area 
awept.  »3  ID  .->  awrepen.  "4  miln  for  (an|.  "i  men  fotlow  aanc  of  S 
DUHifaiDn.     "  fweepinn  Rathenid  into  ease  bj  patrolman  on  hla  beat  aod 

Aa  to  ttw  comparative  cnskt  one  city  reported  that  the  cost  of  Bweeploa  by 
mAchlae  uul  by  baail  wa^  about  the  aame.  while  12  cltlea  reported  that  niachlDO 
(wteplng  was  not  more  viprashe  than  hand  sweeplns.  At  Charleston,  8.  C 
the  twt  of  KwwplnK  with  honip  Bwpi-iier  snri  Kan*  wiw  plarpd  at  74  ci*.  pet 
10,000  aq.  ft      This  ™«t  do™  nut  iQcliide  new  eqiilimient  but  does  Inrlude 

PoJroJ  ,Svilrn.— Practlcully  all  ol  the  31  eltht*.  reportol.  nmplay  the  patnri 
■jilom  In  deanloK  the  atreeta  by  hand  aweeplns.     At  Altoolw.  Pa.,  lbs  patrol 
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Whili  TTmua  nn4  Pick  Vp.—in  the  buHiMB  diltrict  ft  tacB  llllllilll^  d 
13  nii^ii  and  a  fon^irian  deaned  223,000  sq.  ;d.  o(  street  mtMe  dallr  ooq* 
uii  Sunijii.v.  ulifn  Ihey  clexied  mbout  oue-taaU  Ukli  mmount.    The  total  eat 

wuausfollims: 

M.-]i,  ([-■^.-..•Hl  wrfltly 110,120 

Siii.j.lii  s        SCO 

Tul^.l  . SI0,e2e 

Ab™il'17,{VI'i,i'0i)Hci.  fd.  w^rprteuDnlln  ttwresr.msklDRlhecoot  2aHct. 

'['Ill'  fiinv  I'liiiiluyi'tl  DO  plck-uii  work  on  tbe  buaioem  atnela  coniMed  of  the 

[lAluniiiK: 

PcriUr 

I'  nii-ii. ...  «1.00 

tl  mull's e.oo 

Bi-n.-HaL,  iiihI  !■  |.rur, 1.00 

Tulal SIB.OO 

Thi-*  pane  t>ii'kcd  up  sweeplogs  last  jeti  from  W,87S.O00  oq.  yd.  stnal 
siirfait  at  ttiifct  olaa.'i  ct.per  l.OOOsq.ycl  suifaco.  Itremoved  6,184cu.fil. 
.■HHji-liiiiBs  at  ji  I'CBit  ot  »I.10  |*r  Publc  yard, 

(iciu'nil  iiirk-ii))  work  was  hanillril  by  an  outllt  consisting  of  two  Irucka, 
tH'oi'liaun'i'ur^,  Illiiu>n  uDdforpnian:alMisix  inuli:  tenuis,  12  men  and  foremaa. 

Uuily  L'Dht  oinrrating  two  trucks — 
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Team  pick-up  equipment  coat  b«  J^i,  openUng  3M  tUyi — 

lamen..    ,.                »  7,008.00 

ISmiiln. 3,038.00 

12  mules,  idia  72  davi S04.00 

ForemsD 810.00 

RMiin  and  renewsU 000.00 

ToUl  lut  yuM S12,8aS,00 

Street  Cleaninc  Pra«tiee  in  Citiet  of  From  SO,OM  to  100,000  PopnUdos. — 
The  tallowing  notea,  taken  Irom  ElngliKe ring  and  Contracting,  Bept.  30,  IBll. 
were  glTen  br  the  offidab  of  the  varioua  dtlei, 

TULI  III.— Sdiuabt  or  Gineb.l  Pbxcttci:  in  Michihb  CuAHiHa 


Allooni,  Pa 

Bayoane,  N.  J i  Ha.uuv 

ChaiieatoB.  B.  C I         4eS.00O> 

Dallai,  Teiaa 

DwMoiBee.Ia..   3  9S.000 


UouMOO.  Tei i  70.200        IM     

HuntiuttoD,  W.  Vb 2  82.400        ZK       i 

.ladcgnnvlllr.  ~  "  "" 


Bpiiogfleld. 


laCity.  dkia 
Id.  Mui....' 


'  Double  teama  with  w  (eodb  "  Erie  drop  bottom  dump  wasonv.  2  meD 
eaob  vadon.  '  Swerpmn  picked  up  by  reaular  garbage  carta  in  mofoii 
IB  carta  being  engaged  for  IK  to  2  houn  taking  up  ewnpingi  of  entire  ai 
""  "      '  ...--..  11^      f ,  J  j^j,jj  follow  nng  ol 

by  patrolman  on   hie  neat  a 


Ab  to  tbe  comparstlT«  coxts  one  city  repotted  tlwt  the  coat  oC  sweeping  by 
■naehlne  anilbyband  ww  about  llwnme.  while  licltteaiepartedthBt  DiachtnB 
■wwiring  wuDDt  more  eipenafve  than  hand  iwf«[>ln8.  At  Charlraton.  B.  C 
tbe  met  of  nweepinjt  with  horw  sweeper  and  gang  was  |ilare<l  at  7*  Pl«.  pet 
10,000  aq.  ft.  ThlH  COHI  dom  nut  Include  new  eqiiliHuent  but  doeii  Inrlude 
nmoTd  of  ■we«plngt>. 

Palrvl  5^i(ciii.— PractlCttllj  all  ol  tile  21  citlea.  reiKirte<l.  employ  the  iMtrol 
•rilcro  la  deaning  the  atieeta  by  hand  sweeping.    At  Altoona.  Pa.,  tbe  pMnil 
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White  Wings  and  Pick  Up. — In  the  business  district  a  force  consisting  of 
13  men  and  a  foreman  cleaned  222,000  sq.  yd.  of  street  surface  daily  except 
on  Sunday,  when  they  cleaned  about  on&-haJf  this  amount.  The  total  cost 
was  as  follows: 

Men,  $185.90  weekly $10. 126 

Supplies 500 

Total $10,626 

About  47,645,000  sq.  yd.  were  cleaned  in  the  year,  making  the  cost  22^  ct. 
per  1,000  sq.  yd. 

The  force  employed  on  pick-up  work  on  the  business  streets  consisted  of  the 
fdllowing: 

Per  day 

6  men $12.00 

6  mules 6.00 

Renewals  and  repairs 1 .  00 

Total $19.00 

This  gang  picked  up  sweepings  last  year  from  20,878,000  sq.  yd.  street 
surface  at  a  cost  of  33K  ct.  per  1,000  sq.  yd.  surface.  It  removed  6,184  cu.  yd. 
sweepings  at  a  cost  of  $1.10  per  cubic  yard. 

General  pick-up  work  was  handled  by  an  outfit  consisting  of  two  trucks, 
two  chauffeurs,  10  men  and  foreman ;  also  six  mule  teams,  12  men  and  foreman. 

Daily  cost  operating  two  trucks — 

Two  chauffeurs $  7.00 

Gasoline 3.60 

Lubricants 1 .00 

Depreciation,  renewals  and  repairs 4 .  00 

Foreman 8 .  00 

Ten  men 20.00 

Total $88.60 

Picking  up  daily  sweeping  from  128,700  sq.  yd.  street  surface.    RemoTing 
20  cu.  yd.  sweepings. 
Operating  cost  working  270  days  last  year  picking  up  sweepings: 

Two  chauffeurs $  2, 160.00 

Gasoline 972.00 

Lubricants 362.00 

Renewals  and  repairs 1 ,060. 00 

Foreman 936.00 

Ten  men 5.400.00 

Total $10,910.00 

Picked  up  last  year  (270  days)  sweepings  from  34,750,000  sq.  yd.  stre^ 
surface  at  a  cost  of  31^  Qt.  per  1,000  sq.  yd.  Removing  5,700  cu.  yd.  sweep- 
ings at  a  cost  of  $1.91  per  cubic  yard. 

Daily  cost  of  six-team  pick-up  equipment — 

12  men $34.00 

12  mules 12.00 

Foreman 2 .  80 

Repairs  and  renewals 2.00 

Total  daily $40.50 

Picking  up  sweepings  from  185,900  sq.  yd.  street  surface.  Removinc  46 
cu.  yd.  sweepings. 
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Worth  T«i 
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.„.ht  1nr<^  o 
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nilht  force  of  4  mei 
tile  teams  with  w-  goi 

rtebeing  eDgaged  for 

to  the  comparative  coata  one  city  reported  that  the  coat  of  sweeping  b; 
Ine  and  by  band  was  about  the  aame.  while  12  citiea  reported  that  machlns 
■ing  waanot  more  enpen-ir^e  than  hand  sweeping.  At  Charleaton,  8.  C. 
lat  of  aweeplUR  with  horse  sweeper  and  gang  waa  placed  at  74  cts.  per 
)  sq.  ft.  Thla  cofll  doe»  nut  Include  new  equipment  but  doea  Include 
'al  nl  sweepings. 

rol  Suafcin.— PTBcllcally  all  ol  the  21  cities,  reported,  employ  the  patrol 
a  in  cleaning  the  streets  by  hand  aweeping.    At  Altooaa,  Pa.,  tbe  patrol 
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system  Is  used  on  51  blocks  of  streets,  the  area  covered  by  one  man  being 
eight  blocks.  The  patrolman  uses  a  broom  and  a  scraper  to  lift  the  sweepings 
into  patrol  carts. 

At  Bayonne,  N.  J.,  one  man  generally  covers  a  given  section  but  sometimes 
two  men  are  used,  depending  on  character  of  section.  One  man  covers  about 
10,000  sq.  yds.  in  residential  sections  in  the  working  day.  For  cleaning  up  the 
dirt  the  patrol  sweepers  use  brooms  with  can  and  carriers.  Hand  pickup 
machines  with  a  revolving  drum  have  been  used  by  the  patrol  sweepers  at 
Bayonne  with  fair  results. 

At  Charleston,  S.  C,  five  patrols  cover  about  36,800  sq.  yds.  of  brick  pave- 
ment per  day.  For  gathering  up  the  dirt  the  i)atrol  sweeper  uses  a  8crai>er  on 
asphalt  pavements,  a  hand  pickup  machine  on  brick,  and  a  broom  and  push 
cart  on  granite  block  pavement.  The  results  obtained  with  the  hand  pickup 
machine  are  reported  to  be  very  satisfactory.  Five  of  these  machines  each 
day  cover  36,800  sq.  yds.  of  brick  pavement,  and  the  report  states  that  the 
streets  are  swept  cleaner  with  the  machine  than  by  hand.  The  cost  of  the 
cleaning  with  the  hand  pickup  is  about  27  cts.  per  10,000  sq.  ft. 

At  Dallas,  Tex.,  a  day  force  of  46  "white  wings"  is  employed  to  cover  all 
paved  streets  of  the  city.  The  men  are  assigned  to  districts  the  size  of  which 
depends  on  the  traffic.  In  connection  with  the  day  force  16  one-horse  carts 
are  employed.  Each  cart  takes  about  five  loads  of  sweepings  per  day.  The 
average  area  covered  by  each  patrol  sweeper  is  6  or  8  blocks.  Both  brooms 
and  scrapers  are  used  for  gathering  up  the  dirt. 

Des  Moines,  la.,  has  a  "white  wing"  service  in  the  business  district,  each 
man  being  assigned  about  three  blocks  or  1,200  lin.  ft.  of  street.  The  patrcd 
sweeper  uses  broom  and  scrai)er  to  gather  up  the  dirt. 

At  Harrisburg,  Pa.,  the  crew  engaged  in  hand  sweeping  consists  of  110 
sweepers,  three  foremen  and  1 1  horses  and  carts.  The  total  length  of  streets 
covered  by  this  gang  per  day  is  43. 28  miles.  Each  sweeper  is  assigned  a  section, 
depending  in  sizes  upon  the  amount  of  travel.  For  gathering  up  the  dirt,  the 
sweeper  uses  a  broom  in  the  business  section,  and  a  broom  or  scraper  or  both 
in  residence  sections. 

Hoboken,  N.  J.,  uses  the  patrol  system  on  every  street  not  swept  by  machine. 
About  18  men  are  employed  in  the  18  districts.  The  men  are  equipped  with 
push  carts  and  can  and  clean  the  district  once  a  day.  The  average  area  of  a 
district  is  14,700  sq.  yds.  For  gathering  up  the  dirt  brooms  are  used  on  wood 
block  and  Belgian  block  pavement;  on  asphalt  scraper  and  broom  are  used. 

Houston,  Tex.,  employs  hand  sweeping  only  in  the  business  district,  the 
work  being  done  during  the  daytime.  The  patrol  system  is  employed,  eadi 
man  being  assigned  four  blocks  or  1,200  ft.  of  60-ft.  street.  A  broom  and 
scoop  is  used  to  gather  up  the  dirt  into  can  carriers. 

At  Huntington,  W.  Ya.,  the  patrol  gang,  consisting  of  seven  men,  oov«n 
8,500  ft.  of  53-ft.  street  per  working  day.  A  scraper  is  used  to  gather  up  tbe 
dirt. 

Jacksonville,  Fla.,  employs  hand  sweeping  only  on  the  principal  buuinesB 
streets,  about  36  blocks  being  covered  in  this  way.  Each  patrol  sweeper  hM 
four  or  five  blocks  to  cover.  Hand  push  brooms  are  used  to  gather  up  the 
<lirt. 

At  Lawrence,  Mass.,  the  hand  sweeping  is  done  by  33  patrol  sweepers,  each 
man  covering  an  area  of  about  1,100  sq.  yds.  Three  single  teams  and  nliie 
men  are  employed  in  taking  care  of  the  sweepings.  For  gatherinir  up  thb  dlit 
the  patrol  sweeper  uses  a  broom  with  scrai)er  back. 
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hina  WM  Hot.— Of  the  21  cities  sii  reported  that  they  fluBbed  their 
with  hose.  At  Altoooa,  Pa.,  this  work  is  done  by  a  gang  of  six  men. 
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AiRff  by  Machine.^AX  Fort  Worth,  Tex.,  a  flushing  machine  is  bcdng  used 
n  a  brick-paved  street.  This  pavement  is  In  l>ad  shape,  being  lull  irf 
Jid  depressions,  and  the  street  will  soon  be  repaved.  On  the  street  the 
le  in  a  working  day  covers  10  blocks,  each  block  being  200  ft.  long  and 
wide.  Six  tanks  1600  gals,  to  the  tank)  of  water  to  the  block  are  used  lor 
Ig  this  street.  In  the  work  one  man  cleans  up  after  the  machine,  scrap- 
,ler,  and  one  team  is  used  to  haul  off  the  dirt.  The  cost  of  cleaning  tbia 
:ks  of  street  averages  as  follows: 

1  team  at (S.TB 

lUboterst 2.00 

I  team  at 3,50 

30.600  eaIb.  water  at  S3  perl,000 10.80 

Total 120.05 
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This  makes  the  cost  per  1,000  sq.  yds.  about  $1.51.  Regarding  the  success 
obtained  with  the  machine  the  report  states  that  it  is  "rather  unwieldy  to 
handle  but  does  the  work." 

At  Reading,  Pa.,  18  to  20  blocks  are  flushed  every  nigiit  in  tlie  week  except 
Sunday.  Flushing  machines,  600  gals,  capacity,  are  used.  About  1,600 
gals,  of  water  are  used  per  block.  The  material  is  flushed  into  the  gutter  and 
is  swept  up  by  regular  cleaners  in  that  section  in  the  morning. 

Machine  flushing  is  also  employed  at  Troy,  N.  Y.,  the  area  covered  per  hour 
by  one  of  the  flushers  being  3,500  sq.  yds.  The  machines  have  prov^  v«ry 
satisfactory.  At  Troy  all  dirt  from  these  machines  is  taken  care  of  by  the 
patrol  sweepers. 

At  Springfleld,  Mass.,  the  squeegee  is  used  for  cleaning  smooth-surface  pave- 
ments. The  success  obtained  at  Springfield  with  the  machine  is  reported  to 
be  very  good,  and  much  better  than  the  old  method  of  hand  flushing.  The 
squeegee  is  used  at  night  with  the  best  r^ults.  The  patrol  sweepers  take  care 
of  the  dirt  swept  up  by  the  machine. 

Fort  Worth,  Tex.,  at  present  has  two  squeegees  in  operation  and  will  soon 
put  in  a  third.  The  daily  cost  of  operating  one  of  these  machines  in  Fort 
Worth  is  stated  to  be  as  follows: 

1  team  at $  3.75 

1  laborer  at 2 .  00 

1  team  at 8. 50 

26  tanks  of  water,  400  gals,  per  tank,  10,400  gals,  at  $3  per 

1,000 8. 12 

Total $12.87 

The  average  length  of  street  covered  per  working  day  is  stated  to  be  24 
blocks.    These  machines  have  proved  very  satisfactory  In  Fort  Worth. 

Cost  of  Street  Cleaning  at  St  Paul  by  Patrol  System. — ESnginfiering  and 
Contracting,  Sept.  4,  1918,  gives  the  following: 

During  the  season  of  1917,  58  miles  of  streets  (1,347,051  sq.  yd.)  of  lave- 
ments were  cleaned  by  the  patrol  system  (White  Wings).  The  other  paved 
streets  were  cared  for  by  the  ward  crews.  The  total  cost  of  the  patrol  syattem* 
according  to  the  1916  annual  report  of  M.  N.  Goss,  Commissioner  of  Public 
Works,  was  $70,178  or  an  average  cost  of  $52.09  per  1,000  sq.  yd.  per  seaeon. 
The  above  figures  include  the  cost  of  shovelers  and  teams  hauling  away  the 
street  sweepings.  The  area  handled  by  one  man  was  from  8,200  to  17,600 
sq.  yd.  The  force  consisted  of  an  inspector  at  $100  per  month,  an  awrirtant 
inspector  at  $00  per  month,  from  105  to  125  sweepers,  14  teams  at  66H  eta. 
per  hour  and  15  shovelers  at  25  cts  per  hour.     The  working  day  was  8  hours. 

Life  of  Street  Push  Brooms. — Engineering  and  Contracting.  Mar.  10,  1013. 
states  that  in  a  discussion  of  a  paper  on  street  cleaning  in  downtown  Chicago, 
presented  before  the  Western  Society  of  Engineers,  Richard  T.  Fox,  Qemeiai 
Manager  of  the  Citizens  Street  Cleaning  Bureau  said  that  he  had  found  that 
the  average  life  of  a  push  broom  when  used  in  cleaning  granite  pavement  was 
7  days.  On  asphalt  the  life  of  a  broom  ran  up  as  high  as  12  to  15  daja.  On 
asphalt  in  addition  to  the  broom,  the  sweepers  use  a  scraper  with  whkdi  most 
of  the  work  is  done,  so  that  the  broom  is  not  in  use  continuously.  The  broom 
generally  used  by  the  Citizens  Bureau  is  mtCde  of  two  rows  of  African  baas  with 
a  row  of  Bahia  grass  on  either  side.  Heavier  brooms,  made  entir^  of  African 
bass,  have  been  used,  but  it  was  considered  that  these  did  not  pick  up  the  flne 
dust  as  well  as  brooms  with  fine  fibrous  material  on  the  outside. 
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Cost  of  Cleaning  with  Vacuum  Cleaners,  at  San  Diego,  Cal. — In  some  of 
our  western  and  southern  cities  where  the  problem  of  street  cleaning  is  largely 
one  of  removing  dry  dust,  vacuum  street  cleaners  have  been  successfully 
employed.  Engineering  and  Contracting,  Oct.  3,  1917,  gives  the  following 
data  furnished  by  F.  M.  Lockwood,  Manager,  Operating  Department  of  the 
city  of  San  Diego,  Cal. 

The  city  of  San  Diego,  Cal.,  has  operated  vacuum  street  cleaning  machines 
for  the  past  four  years.  The  first  machine  was  purchased  in  the  fall  oi  1912 
and  the  second  in  March,  1913,  at  a  cost  of  $2,200.  The  apparatus  is  drawn 
by  three  horses;  the  vacuum  arrangement  being  run  by  a  small  gas  engine. 
The  outfit  is  handled  by  one  gas  engineer  and  one  teamster.  The  machines 
are  worked  two  shifts  a  day.  The  costs  of  street  cleaning  with  the  vacuum 
machines  for  the  first  7  months  of  1917,  were  as  follows: 


Vacuum  No.   1 

Coat 
Oi>era-        Maintc-         Total  Yardage       per  1,000 

tion  nance  cost  cleaned  sq.  yd. 

January $     317.61  S       33.16$  350.77  2,923.000*  $0. 12 

February 397.19  41.34  438.53  3,654.417*  .12 

March 398.33  86.47  484.80  4.048.069  .11976 

April 406.44  44.73  451.17  2,292,853  .196772 

May 418.46  137.61  556.07  3.130,837  .17761 

June 41.43  493.07  534.50  In  shop             

July 365.78  186.35  552. 13t  2.267,364  .244593 

Totals $2,345.24  $1,022.73  $3,367.97     18.306,620     

Averages 335.03         146.10         481.13       3.051.103     $0.18397 

Vacuum  No.  2 

January $     350.74$  20.77$  371.61  3,877,364*  $0.11 

February 294.13  23.44  317.67  2,887,000*  .11 

March 369.19  16.43  385.62  4.174,681  .092873 

April 431.03  38.85  469.88  4.266.769  .11038 

May 373.75  27.08  400.83  3,442,492  .116436 

June 356.62               .85  357.47  2,985,323  .119743 

July 263.74            8.29  272.03  2,947,462  .0923 

Totals $2,439.20$     135.71  $2,574.91     24.070.981      

Averages 348.46  19.39        367.86      3,438,712     $0.106974 

*  Estimated ;    no    figures    available   for   actual   varda^e.     f  This   total   cost 
includes  a  complete  overhauling  and  rebuilding  of  the  entire  apparatus. 


The  above  costs  include  teams  at  actual  cost  of  feed,  care  and  maintenance 
of  harness,  labor,  fuel,  oil  and  repairs,  but  do  not  include  depreciation  or 
interest  on  the  investment. 

Suggested  Procedure  and  Cost  with  Machine  Flushers. — The  following 
useful  suggestions  on  motor  flushing  procedure,  published  in  Engineering  and 
Contracting.  Feb.  5,  1919,  are  given  in  a  report  on  street  cleaning  at  RoehMter. 
N.  Y.,  submitted  by  the  Rochester  Bureau  of  Municipal  Research,  Inc.,  of 
which  James  W.  Routh  is  Chief  Engineer. 

Motor  Flushing  Practice  and  Coats  at  Rochester. — In  1916  the  city  pUTOhMed 
one  motor  flusher  of  1200  gal.  capacity,  and  in  1917  an  additional  one  of  1,600- 
gal.  capacity  was  put  into  service.  The  first  of  these  is  mounted  on  a  5-toii 
truck;  the  second  has  a  5K-ton  tnick.  A  comparison  of  the  two  flusbera 
follows: 
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used  together,  water  was  wasted  and,  moreover,  the  nozzles  were  not  all 
efiFective,  because  the  two  in  front  interfered  with  each  other  and  pushed 
the  water  straight  ahead  instead  of  to  one  side.  The  resultant  loss  of  pres- 
sure alone  is  sufficient  cause  to  prohibit  the  use  of  four  nozzles  together  at 
any  time,  with  these  machines.  A  suggested  combination  of  nozzles  for 
different  conditions  is  indicated  in  Fig.  1. 

The  efficient  operation  of  fiusher  trucks  depends  to  a  large  extent  on  the 
drivers,  who  have  expensive  pieces  of  apparatus  in  their  care.  Flushers  will 
give  good  service  only  when  carefully  handled  and  kept  in  good  repair. 

Motor  Flushing  Results. — The  cleaning  tesults  obtained  by  motor  flushing, 
with  30  lb.  pressure  or  more,  proved  to  be  very  satisfactory  on  asphalt  streets. 
This  was  not  the  case,  however,  on  Medina  block  pavements.  These  pave- 
ments are  laid  on  a  sand  cushion,  and  the  joints  of  most  of  them  are  not 
grouted ;  hence  the  sand  and  dirt  work  up  from  the  bottom  through  the  inter- 
stices and  make  them  difficult  to  clean  and  hard  to  keep  clean.  Where  car 
tracks  are  paved  with  Medina  blocks  without  a  concrete  base,  the  area  in- 
cluded is  still  harder  to  clean,  because  the  rails  are  all  on  a  level,  and  because 
dirt  and  sand  deposited  on  the  rails  are  caught  in  the  grooves.  On  a  rainy 
day  it  can  be  seen  plainly  how  much  cleaner  are  the  sides  of  such  streets  than 
is  the  car  track  area. 

As  the  motor  flushing  results  obtained  on  these  Medina  block  car  track 
streets  were  not  all  that  might  be  desired,  means  should  be  provided  for  im- 
proving the  work.  With  the  present  apparatus,  better  results  could  be  ob- 
tained by  making  more  trips  on  such  streets.  The  flushing  strokes  then  could 
be  lapped  more.  This  would  make  them  narrower  and  more  effective,  because 
the  side  throw  would  not  have  to  be  so  far  for  each  individual  stroke.  (Increas- 
ing the  number  of  trips,  of  course,  would  increase  the  cost  in  direct  proportion 
to  the  number  of  extra  trips.) 

In  order  to  aid  in  obtaining  the  desired  results,  diagrams,  based  on  past 
performances  of  the  local  motor  flushing  apparatus  and  needs,  have  been  pr^- 
pared  in  the  hope  that  they  may  be  adopted*  for  the  guidance  of  fludier 
operators.  These  proposed  procedure  diagrams,  for  motor  flushers  producing 
a  maximum  pump  pressure  of  40  lb.,  are  shown  as  Fig.  1.  If  additional 
flushers  are  purchased,  higher  working  pressures  should  be  specified.  The  use 
of  such  apparatus  would  necessitate  a  modification  of  the  suggested  procedure, 
as  fewer  trips  would  then  be  necessary  to  obtain  the  same  results.  Higher 
pressiu^s  thus  would  tend  also  to  reduce  the  unit  costs  for  the  work. 

As  experience  elsewhere  has  proved  that  on  rough  pavements  the  best 
results  can  be  obtained  by  hose  flushing,  it  is  suggested  that  certain  Medina* 
block  pavements  be  flushed  by  hose  rather  than  by  machine,  even  if  the  stig- 
gested  procedure  for  motor  flushers  be  adopted  and  new  nuM^iines  are  pur* 
chased.  Streets  paved  with  Medina  block  require  the  use  of  more  water, 
because  they  are  rougher  and  dirtier  than  other  pavements.  With  hose,  tiie 
water  can  be  concentrated  on  the  dirty  spots,  and  rough  places  can  be  glTen 
special  attention. 

Suggestions  for  Bettering  the  Service. — The  following  suggestions  are  made 
with  reference  to  obtaining  better  results  from  present  equipment,  as  well  as 
to  point  out  desirable  factors  in  purchasing  and  operating  new  equipment: 

Ah  much  valuable  time  is  lost  in  filling  the  tanks  with  water,  4-in.  intake 
])ipes  and  hoso,  instead  of  the  2>i-in.  size  now  used,  would  save  considerablB 
time.  It  takes  T^i  minutes  to  stop  and  fill  a  1500-gal.  tank,  and  only  SH 
minutes  to  empty  it.     Many  of  the  local  hydrants  now  have  4-in.  '^"■>*>t^ 


gforZS  HUlnga  p«fr  T-hour  shift,  tbe  flusber  Is  BUwding 
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le  truck  for  the  1017  aeaxon  was  (142.71,  and  rf  thl» 
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were  reduced  by  $26.70  there  would  be  a  saving  of  18.7  per  cent.  This  saving, 
of  course,  would  be  multiplied  by  more  extensive  use  of  one  flusher  fuid  by  the 
use  of  several  flushers. 

The  life  of  hose  could  be  prolonged  if  more  care  were  exercised  in  turning  on 
the  hydrants  slowly,  and  also  if  hanging  the  hose  over  one  hook  were  discon- 
tinued. If  possible,  the  hose  should  be  hung  around  the  tank  of  the  flusher 
without  kinks.  (These  points  are  largely  matters  of  instruction  and  disci- 
pline which  should  be  given  constant  attention.) 

Sometimes  sprinkling  15  to  30  minutes  before  flushing  would  increase  the 
effectiveness  of  the  results  obtained,  especially  in  removing  horse  droppings. 
This  would  soften  up  the  dirt,  which  then  could  be  flushed  off  readily.  How- 
ever, the  necessity  for  sprinkling  should  be  determined  by  the  judgment  of  the 
man  directly  in  charge  of  the  flushing  work. 

It  is  believed  that  a  flusher  having  a  capacity  of  1,500  gal.  is  the  largest  size 
desirable  for  Rochester,  as  a  weight  much  greater  than  12H  tons  is  likely  to 
prove  detrimental  to  the  pavements. 

Two  flushers  which  could  maintain  the  same  speed  could  be  used  to  advan- 
tage in  a  battery  on  the  wide  streets.  If  this  were  done,  the  less  frequented 
streets  could  be  flushed  first  and  the  others  done  in  the  early  morning  hours, 
when  there  would  be  no  serious  delays  from  vehicular  traffic. 

It  cannot  be  expected  that  the  best  results  will  be  obtained  if  the  work  is 
done  without  competent  supervision  in  the  field.  The  work  done  by  each 
flusher  should  be  studied  and  analyzed  under  the  various  conditions  to  be  met, 
and  the  work  should  be  planned  so  as  to  get  the  best  results  possible  from  each 
machine.  If  this  is  to  be  accomplLshed,  the  night  flushing  work  must  be  under 
the  direction  of  a  night  superintendent  who  understands  the  work  thoroughly 
and  who  can  develop  it  to  meet  local  conditions  satisfactorily. 

Costs,  Equipment  and  Principles  Developed  for  Flushing  Streets. — ^An 
improved  type  of  hose  equipment  for  hand  flushing  is  now  in  use  by  the  Depart- 
ment of  Street  Cleaning  of  New  York  City.  Previous  to  1915  it  had  employed 
ordinary  2K-iii-  Are  hose  and  lyi-ia.  nozzles.  This  was  carried  on  the  regular 
sweepers'  can  carrier  or  dragged  over  the  pavement  by  sweepers.  As  a  result 
of  studies  and  experiments  the  department  has  adopted  the  2-in.  size  as 
standard  for  the  city,  and  has  developed  a  new  hose  ree^  and  new  hydrant 
equipment.  Engineering  and  Contracting,  Jan.  3,  1017,  gives  the  following 
description  of  the  New  York  equipment  and  principles  takoi  from  a  paper  by 
Raymond  W.  Parlin,  formerly  Engineer  with  the  New  York  Bureau  of  Munici- 
pal Research,  prepared  for  the  1916  annual  convention  of  the  American  Society 
of  Municipal  Improvements. 

As  a  result  of  the  experiment  the  following  general  principles  for  hand  flush- 
ing appear  to  have  been  established : 

General  Principles  of  Hand  Flushing. — (1)  The  economical  size  of  equipment 
is  dependent  upon  the  hydrant  pressures  avaUable  and  the  length  of  hoee  used. 

2.  When  the  pressure  at  the  nozzle  is  in  excess  of  25  lb.  per  square  Incii, 
water  Ls  delivered  through  a  ^ -in.  or  1-in.  nozzle  faster  than  it  can  be  property 
used  by  two  men  and  it  is  accompanied  by  excessive  splashing. 

3.  When  the  pressure  at  the  nozzle  is  less  than  18  lb.  per  square  indi,  water 
is  not  delivered  fast  enough  to  keep  up  with  the  men  nor  with  force  enotigli  to 
enable  them  to  do  effective  work. 

4.  The  smallest  size  hose  which  will  give  pressure  at  the  noule  betngan 
18  and  15  lb.  is  the  most  economical  for  use. 

5.  Better  results  can  be  secured  by  spraying  ahead  as  far  as  the  aliwm  nfll 
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Fixed  Ciiaroes 

Per  ye*r 

Depreciation  reserve  (hose  not  included) $         7. 00 

Interest 6. 50 

Maintenance: 

Repairs  and  painting 15. 00 

Storage:  20.00 

Operations: 

Hose 72.00 

Laborers,  2  at  $2 800. 00 

Water,  900  gal.  per  1,000  sq.  yd 207.00 

Total  annual  cost $1 ,  127. 50 

Cost  per  1,000  sq.  yd 24.6  cts. 

When  cleaning  30,000  sq.  yd.  per  day  the  cost  per  1,000  sq.  yd.  is  19.8  cts. 


Upon  less  heavy  work  and  smooth  pavements,  New  York  gangs  have  been 
able  to  flush  effectively  30,000  or  more  square  yards  in  8  horns,  muieing  ag 
many  as  45  connections  to  hydrants. 

Comparison  of  Vortotw  Types  of  Street  Flushing  Equipment, — ^Mr.  Parlin 
also  gives  comparative  annual  and  unit  costs  for  cleaning  with  various  types  of 
equipment.  Th^e  figures  are  based  upon  actual  experience  in  the  foUowing 
cities,  with  equipment  noted:  Automobile  pressure  pump.  Chicago,  Los 
Angeles,  Cal.,  and  Rochester,  N.  Y.;  Street  car,  pressure  pump,  Worcester, 
Mass.;  Horse-drawn,  pressure  pump,  Detroit,  Mich.,  and  Milwaukee,  Wis.; 
Horse-drawn,  air  pressure,  Detroit,  Mich.,  and  Washington,  D.  C.  He  con* 
eludes  that  the  most  economical  examples  of  the  various  types  of  equipment  as 
shown  by  the  cost  comparisons  are:  1.  New  York,  hose  equipment.  2.  Mil- 
waukee, horse-drawn  equipment.  3.  Chicago,  auto  equipment.  '4.  Woiees- 
ter,  street  railway  equipment. 

To  determine  the  relation  of  these  various  types  of  equipment  to  each  other 
a  diagram.  Fig.  2,  was  drawn,  which  shows  the  unit  cost  of  rfftaning  varioiis 
areas  with  the  four  types  of  equipment.  The  data  used  in  constructing  the 
diagram  were  based  upon  that  obtained  from  the  cities  noted  above  and  the 
assumption  that  the  area  represented  the  schedule  area  to  be  covered  each 
day  for  200  days. 

This  diagram  shows  that  hose  flushing  on  small  areas  was  the  most  eccmom- 
ical  method ;  that  up  to  40,000  sq.  yd.  the  horse-drawn'equipment  was  next 
in  economy;  that  from  40,000  sq.  yd.  to  90,  000  sq.  yd.  the  hose  W9b  about  as 
economical  as  the  automobile;  that  from  90,000  sq.  yd.  to  120,000  sq.  jd. 
the  automobile  was  supreme,  and  for  daily  schedule  areas  of  over  120,000 
sq.  yd.  the  automobile  and  street  car  equipment  give  neariy  the  same 
economy. 

This  means,  states  Mr.  Parlin,  that  small  cities  which  do  not  have  over 
40,000  sq.  yd.  of  hard  pavement  to  clean  each  day  can  better  afford  to  use 
hose  equipment  if  hydrants  are  close  enough  together  and  plenty  of  water  is 
available.  If  local  conditions  prevent  the  use  of  hose,  then  horse-drawn  . 
equipment  is  economical  if  only  flushing  is  required.  If  both  flushing  on  the 
hard  pavements  and  sprinkling  on  the  macadam  or  gravel  streete  is  desired. 
the  automobile  appears  to  be  by  far  the  most  economical  equipment. 

In  large  cities  there  appears  to  be  no  doubt  that  the  automdbUe  and  stieet 
car  equii)ment  are  the  most  economical,  perhaps  with  the  possible  mimgrtlfl" 
of  those  small  or  inaccessible  areas  which  the  larger  equipment  cannot 
On  such  areas  hose  equipment  c^n  well  be  used  as  auxiliary  to  the 
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Wherever  the  city  has  areas  of  more  than  120,000  sq.  yd.  on  street  railway 
streets  the  street  car  equipment  should  be  economical.  Wherever  the  street 
car  franchise  provides  for  the  sprinkling  of  the  right  of  way  the  adoption  at 
this  type  of  equipment  is  especially  to  be  desired,  first,  to  eliminate  sprinkling, 
and,  second,  to  replace  it  by  flushing,  which  is  greatly  to  be  preferred.  The 
costs  of  street  cleaning  should  be  reduced,  and  if  really  effective  sprinkling 
of  the  railway  area  has  been  provided  the  expense  to  the  traction  company 
should  be  reduced  as  well. 

Mr.  Parlin  concludes  that  perhaps  the  type  of  street  washing  equipment 
which  has  most  m  its  favor  is  the  combination  sprinkler,  flusher  and  squeegee. 
With  such  a  machine  it  should  be  possible  to  secure  the  most  efficient  cleaning 
and  the  greatest  economy.  One  of  the  weaknesses  of  flushing  is  the  necessity 
for  leaving  the  dirt  spread  over  a  wide  strip  to  the  gutter,  especially  on  dirty 
smoothly  paved  streets  which  have  little  crown  or  grade.  By  running  a 
squeegee  along  the  gutter  after  flushing  the  center  of  the  street  much  of  this 
objection  would  be  removed. 

Cost  of  Street  Flushing  at  Chicago. — The  following  matter  is  given  in 
Engineering  and  Contracting,  Oct.  4,  1916. 

The  city  of  Chicago  purchased  three  automobile  flushers  in  the  fall  of  1914. 
These  were  put  in  operation  about  April  10,  1915,  and  remained  in  the  service 
imtil  Nov.  19th,  when  weather  conditions  interfered  with  street  flushing. 
During  this  period  they  were  operated  in  two  shifts  of  8  hours  each,  making  a 
total  of  16  hours  i)er  day.  For  various  reasons  it  was  found  most  practical  to 
have  the  drivers  on  the  first  shift  report  for  work  at  noon  to  give  their  machines 
one  hour's  attention.  Flushing  operations  would  then  begin  and  continue 
until  9:30  p.  m.  The  night  shifts  reported  for  work  at  9:30  p.  m.  and  after 
caring  for  machines  commenced  flushing  at  10:30  p.  m.,  continuing  until 
7  a.  m.  the  following  morning.  Flushers  were  operated  every  night  except 
Sunday. 

In  order  to  reduce  non-productive  travel  to  a  minimum  and  enable  the 
flushers  to  cover  as  much  territory  as  possible  it  was  found  advisable  to  house 
the  machines  in  separate  sections  of  the  city,  the  north,  south  and  west  sides. 
Suitable  quarters  were  provided  in  ward  yards  most  centrally  located  to  the 
section  wherein  the  machine  operated.  Owing  to  the  necessity  of  covering 
as  much  territory  as  possible  scheduled  streets  were  covered  every  second  daj 
or  night.  The  main  arteries  leading  into  the  business  section  were  covered 
nightly,  as  also  were  the  streets  within  the  business  section.  The  benefits 
derived  from  the  operation  of  the  automobile  flushers  were  most  apparent. 
On  streets  not  covered  by  the  automobile  flushers  the  displacement  of  air 
caused  by  rapidly  moving  automobiles  or  street  cars  would  invariably  raise 
a  cloud  of  dust,  whereas  on  streets  that  were  flushed  this  condition  was  almost 
entirely  eliminated. 

It  is  believed  that  one  of  the  principal  factors  in  keeping  down  the  cost  of 
flushing  was  the  installation  of  service  recorders  on  these  machines.  These 
instruments  allow  no  time  to  be  lost  without  a  proper  explanation,  thus 
preventing  the  idling  of  time  by  the  operators. 

The  following  account  of  operations  is  taken  from  the  1915  annual  report 
of  tlie  Department  of  Public  Works  of  Chicago: 

During  the  period  between  April  10,  1915,  and  Nov.  19,  1915,  9,939.52 
miles  of  streets  were  flushed,  with  a  total  of  271,407.644  sq.  yd.  clMaed, 
divided  as  follows: 
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up,  the  largest  portion  of  this  going  into  the  sewers.  By  this  process  the 
streets  stay  clean  longer,  as  no  sediment  is  left  to  turn  to  dust  as  in  the  case 
with  sweepers.     The  sweeping  outfits  represent  an  outlay  of  $5,620  as  follows: 

3  sweepers $1 ,200 

1  sprinkler 400 

Carts 500 

12  horses  at  $250  each 3,000 

8  sets  of  harness  at  $50  each 400 

4  sets  of  harness  at  $30  each •     120 

$5,620 

The  sweeper  required  a  crew  of  12  men  and  the  average  cost  per  1,000  sq.  yd. 
was  31  cts. 

>  Portland  has  370  miles  of  paved  streets,  with  20,800  square  yards  to  the 
mile.  One  of  the  trucks  will  cover  6  miles  a  day  at  a  cost  of  $17.27.  The 
sweepers  covered  the  same  ground  in  an  equal  time  at  a  cost  of  $38.69.  Thus 
the  truck  is  saving  the  city  $21.42  in  a  working  day  of  eight  hours.  Allowing 
two  eight-hour  shifts  with  an  average  of  300  days  to  the  year,  it  will  be  seen 
that  a  saving  of  $6,426.00  is  effected,  or  enough  to  pay  for  the  truck.  Theae 
operating  costs  do  not  include  depreciation. 

Costs  of  Flushing  and  Scrubbing  at  St.  Paul,  Minn. — The  following  is 
taken  from  Engineering  and  Contracting,  Nov.  1,  1916. 

The  equipment  used  by  the  Bureau  of  Sanitation  of  St.  Paul,  Minn.,  for 
flushing  and  scrubbing  paved  streets  consists  of  five  Studebaker  power  flush- 
ers.  two  2-horse-drawn  Hvass  squeegees,  one  2-horse  Kindling  squeegee  and  one 
3-horse  Hvass  squeegee.  According  to  the  annual  report  of  M.  N.  Goes, 
Commissioner  of  Public  Works,  the  area  of  paved  streets  flushed  and  scrubbed 
in  1915  was  1,493,000  sq.  yd.  This  does  not  include  the  pavement  laid  in 
1914  or  1915  on  which  very  little  flushing  was  done  in  1915.  The  cost  of  this 
service  was  as  follows: 

Team  hire $6,389 

Labor 2,604 

Gasolme,  9,308  gal 912 

Lubricating  oil 123  . 

Water  (32,145,850  gal.) 1,286 

Repairs 1 ,469 

Miscellaneous  labor 367 

4  new  engines  for  flushers 1 ,400 

1  Hvass  squeegee 950 

1  Kindling  squeegee 1 ,  200 

8.907 

$16,502 

The  Street  Railway  Co.  paid  its  proportion  of  this  cost  which  was  24^  per 
cent,  or  the  ratio  of. the  street  railway  area  to  the  entire  area  oi  streets  fluAed. 

In  the  congested  business  district  bounded  by  St.  Peter  St.,  Eighth  St.  and 
Third  St.  and  Broadway  all  streets  are  flushed  every  night  during  the  swmon. 
This  district  comprises  7. 12  miles  of  streets  or  an  area  of  146,400  sq.  yd.  The 
crew  consists  of  one  foreman,  three  teams  at  60  ct.  each  per  hour  and  two 
gutter  cleaners  at  25  cts.  each  per  man.  The  cost  of  one  night's  fluahlng 
(8  hour  shift)  in  this  district  amounts  to  $27.61.  This  includes  gSBoUiiS, 
lubricating  oil  and  water,  but  not  repairs,  interest  or  depredatioii.  This  It 
19  ct.  per  1.000  sq.  yd.  for  one  flushing.  The  flushers  are  used  on  tbe  daj 
shift  on  Htreets  outside  of  the  so-called  congested  district.    Tbe  day  tthttt 
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876  HANDBOOK  OF  CONSTRUCTION  COST 

The  cost  of  catch  basin  cleaning  has  been  just  about  doubled  on  streets 
which  are  flushed.  The  average  cost  per  catch  basin  per  year  for  cleaning  was 
$1.05,  and  on  streets  flushed  this  has  been  increased  to  $3.90. 

The  method  of  flushing  by  cars  is  not  only  cheaper  than  hand  cleaning  with 
brooms,  but  what  is  even  more  important  is  the  fact  that  flushing  is  far  mcne 
effective  than  brooming.  Moreover,  sprinkling  during  the  day  is  no  longer 
necessary  to  keep  down  the  dust. 

Comparative  Costs  of  Street  Sprinkling  with  Motor  Trucks  and  Horse 
Drawn  Tanks. — Engineering  and  Contracting,  Sept.  5,  1917,  publishes  the 
following  comparative  costs  of  street  sprinkling  with  motor-driven  sprinklers 
and  with  team-hauled  tanks,  given  in  a  report  of  the  Board  of  Public  Worics, 
Los  Angeles,  Cal. 

Savings  in  money  and  water,  more  efficient  sprinkling  and  relief  of  traffic 
conditions  were  among  the  benefits  reported  after  a  year's  use  of  the  motor- 
driven  trucks. 

Teams: 

Total  team  days  of  8  hours  each 10,910 

Loads  of  water  used,  550  gal.  per  load 308, 722 

Average  loads  of  water  used  per  day  (per  team) ^27 . 8 

Miles  of  streets  sprinkled 47,200.7 

Miles  of  streets  sprinkled  per  day,  average  (per  team) 4 .  3S 

Cost  for  team  hire $51 ,301 .  16 

Cost  for  team  hire  per  mile  of  street  sprinkled $         1 .  087 

Motor  Sprinkling: 

Total  truck  days  of  8  hours  each 1 ,  178.25 

Loads  of  water  used,  1,200  gal.  per  load 40,618 

Average  loads  of  water  used  per  day  (per  truck) t42 .  11 

Miles  of  streets  sprinkled 20,308. 88 

Miles  of  streets  sprinkled  per  day,  average  (per  truck) 17. 88 

Cost  for  truck  hire $17,519.98 

Cost  for  truck  hire  per  mile  of  street  sprinkled $        0 .  868 

*  This  is  a  rate  of  a  load  in  17  min.  for  the  team  tank,  sprinkling  820  ft.  of 
street. 

t  This  is  a  rate  of  a  load  in  11  min.  for  the  truck  tank,  sprinkling  2,170  ft.  of 
street. 

Comparative  Cost  of  Bituminous  Surface  Applications  and  Water  SprinkUiif 
in  New  York  City. — Engineering  and  Contractmg,  May  15,  1012,  gives  the 
following  data  from  a  paper  by  William  H.  Council  before  the  A.  S.  C.  £. 

The  results  from  tar  have  been  very  satisfactory,  about  H  or  H  gal.  per 
sq.  yd.  being  applied  and  covered  with  torpedo  sand  or  fline  wash  gravel. 
This  formed  a  very  desirable  surface,  at  a  cost  of  $0,035  for  H  gal.  and  $0,046 
for  >^  gal.  per  sq.  yd.     In  these  treatments  the  tar  was  applied  cold. 

The  Grand  Boulevard  and  Concourse  was  treated  with  a  heavier  tar,  which 
was  applied  under  pressure  through  a  hose  at  a  temperature  of  220^  F.,  H  Sal. 
I)er  sq.  yd.  being  u.sed,  and  then  covered  with  torpedo  sand  or  fine  washed 
gravel.  This  road  has  been  in  use  for  6  months,  and  although  it  has 
subjected  to  very  heavy,  high-speed  automobile  traffic,  it  is  now  in 
condition.  The  cost  was  $0,138  per  sq.  yd.,  which  is  high,  owing  to  the  lack 
of  proper  facilities  for  handling  the  bituminous  material  and  the  numeraiMi 
delays  which  occurred.  In  the  Borough  of  the  Bronx  a  fair  cost  would  be 
from  $0.09  to  $0.10  per  sq.  yd.  for  this  treatment.  Before  the  appUcation  of 
tar  in  these  treatments,  the  road  was  thoroughly  swept  with  horse-drawn  and 
hand  brooms. 

AHphalt  road  oil  of  about  20"*  Baum^  gravity  was  applied-  to  a  numbsr  a< 
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The  price  varies  with  the  amount  purchased.  The  druma  will  be  painted  by 
the  shippers  without  extra  charge  if  requested.  If  this  is  done,  material  may 
be  stored  for  future  use  in  any  reasonably  dry  place.  If  it  is  not  done,  the 
drums,  being  very  light-gauge  material,  quickly  rust  out,  exposing  the  chloride 
to  the  air,  from  which  it  immediately  attracts  moisture  and  solidifies,  in  which 
form  it  is  very  expensive  to  handle.  If  properly  sealed  and  handled,  when  the 
drum  is  opened  it  will  roll  out  in  the  form  of  kernels  about  the  size  and  appear- 
ance of  popcorn. 

In  order  to  obtain  the  best  results  the  surface  of  the  road  to  be  treated  should 
be  kept  in  shai>e  by  the  use  of  a  drag  for  about  two  weeks  previous  to  the  appli- 
cation of  the  material.  This  will  insure  proper  cross  section  and  a  reasonably 
smooth  surface  for  receiving  the  material.  The  application  may  be  made^by 
laborers  spreading  with  shovels,  but  this  is  not  satisfactory  on  long  secticms  as 
it  is  too  slow  and  expensive.  A  imiform  distribution  can  not  be  obtained  by 
this  method.  Any  ordinary  lime  sower  will  spread  the  chloride,  but  it  is 
economical  to  purchase  a  special  machine  for  this  purpose.  These  machines 
may  be  purchased  in  different  widths  for  use  with  a  single  hone  or  a  pair. 

In  making  application  with  the  use  of  horses  the  drums  are  distributed  along 
the  road  at  regular  intervals,  one  at  a  point  if  a  narrow  machine  is  used,  and 
two  if  the  wider.  The  necessary  interval  is  determined  by  the  amount  of 
material  to  be  applied.  About  l^i  lbs.  per  square  yard  is  necessary  for  the 
first  application,  which  should  be  followed  by  a  second  treatment  at  1  lb.  per 
square  yard.  The  interval  between  applications  depends  upon  the  quality 
and  condition  of  the  surface  on  which  the  material  is  spread  and  the  character 
and  volume  of  the  traffic  carried.  Under  moderate  traffic  a  good  surface 
would  not  require  more  than  two  applications  per  year;  under  heavy  trafBc 
three  may  be  necessary.  The  best  results  are  obtained  if  the  material  is 
spread  on  the  road  after  a  rain,  when  it  is  wet,  as  a  better  penetration  is  ob- 
tained at  this  time. 

In  making  an  application  with  a  2-hor8e  machine  with  a  spread  of  10  ft., 
two  dnims  are  distributed  every  220  ft.  This  machine  will  hold  the  contents 
of  two  drums  and  after  filling  is  run  up  one  side  and  down  the  other  and  then 
up  the  middle  of  the  road,  stopping  at  the  point  where  the  next  two  drums 
have  been  placed.  This  applies  a  little  le«s  than  1  lb.  per  square  yard  on  each 
edge  of  the  road  and  nearly  2  lb.  on  the  center  10  ft.  This  method  has  proven 
more  satisfactory  than  making  an  even  distribution  over  the  entire  surface. 
The  same  method  may  be  followed  with  the  one-horse  machine. 

In  order  to  eliminate  the  necessity  for  the  distribution  of  the  drums,  the 
machine  may  be  haule<l  behind  and  fed  directly  from  an  automobile  truck. 
Eighteen  drums  may  be  carried  on  a  3-ton  truck,  which,  running  ccmtinuoudy 
in  one  direction,  will  cover  one  width  for  about  6,200  ft.  Three  trips  will 
complete  the  treatment  of  this  length  of  road.  This  has  proven  a  little  more 
economical  than  distributing  the  drums  and  spreading  with  horses. 

During  the  handling  of  the  material,  all  workmen  should  wear  rubber 
boots,  as  the  chemical  action  of  the  chloride  is  very  detrimental  to  leather.  It 
is  also  well  to  provide  cotton  gloves,  otherwise  the  hands  will  soon  become 
sore.  The  hoofs  and  hocks  of  the  horses,  which  arc  working  on  the  distributor, 
should  be  cleaned  and  groast^d  night  and  morning.  After  the  chloride  is 
incited  on  to  the  surface  of  tlie  road,  It  will  not  cuwiv  injury  to  horses  or  to 
automobile  tires. 

ProiNT  application  of  calcium  ctiloride  results  in  a  smooth  and  practically 
dustless  surface,  making  a  road  with  almost  ideal  riding  qualities.     Wldle 
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I  at  the  stonn.  The  exi»erlence  ol  (hat  wlDter  denumstnted  to  the 
Jon  of  the  administration  that  anow  work  should  be  Btarted  with  the 
id  clean  snow  dumped  into  the  sewers  as  it  lalla.  Such  methods  ttajir 
npt  to  keep  pace  with  a  stonn,  instead  ol  trjiing  to  dig  tbe  dty  out 
iloclt  has  occurred. 

r  summer  and  fall  of  1914  the  Department  made  pieparations  to  applj 
'.he  followlDe  season  Its  new  programme  for  handling  snow.  This 
don  hicluded  a  thorough  survey  ol  the  city's  sewer  system,  spedallied 
on  of  the  Department's  forces,  enlargement  of  standard  equipment. 
:nt  of  etiierpency  workers  as  "  snow  fighters"  and  the  plotting  erf  the 
hat  practically  50  i>er  cent  of  its  entire  area  could  be  cared  tor  by  the 
leouB  attacka  of  the  "anow  flehting"  gangs,  within  four  hours  after 
to  go  to  work.  Plans  called  for  pushing  snow  into  sewer  manholBs  by 
if  panscrapers  operated  by  hand,  and  drag-scrapera,  each  drawn  by  a 

plans  did  not  eliminate  contract  snow  removal,  as  large  qnantltiea 
still  bwl  to  be  carted  to  the  river  dumps  or  main  sewBia;  nor  did  they 
he  city  railways  from  their  obligations  to  clear  the  anow  from  certain 
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streets  carrying  railway  tracks.  But  up  to  this  time  the  dty  had  depended 
upon  trucks  alone  to  haul  snow  from  the  streets  to  water  front  dumps  and, 
consequently,  the  speed  of  snow  removal  had  depended  upon  the  supply  of 
trucks  available  for  the  work. 

Results  of  the  appUcation  of  the  new  system  during  the  winter  of  1914-1915, 
as  compared  with  preceding  winters,  showed  the  rate  of  removal  doubled  as 
compared  with  the  best  previous  record,  and  that  the  cost  per  cubic  yard 
decreased  67  per  cent  compared  with  lowest  previous  unit  cost  record.  The 
total  fall  of  snow  for  the  winter  was  22.4  in.,  and  the  total  cost  of  removal  was 
$523,892.  If  the  entire  snowfall  of  the  winter  had  been  handled  by  contract- 
ors' trucking  forces  alone,  at  the  lowest  previous  contract  rate  ($0,367  per 
cubic  yard) ,  the  cost  of  the  season's  work  would  have  amounted  to  $1,584,822. 
The  total  area  of  the  streets  in  the  three  boroughs  scheduled  for  snow 
work  in  in  the  winter  of  1914-1915  was  32,607,081  sq.  yd.,  or  927  miles  of 
streets. 

When  the  first  snow  of  the  winter  of  1915-16  arrived,  it  found  the  Depart- 
ment further  strengthened  by  valuable  additions  to  its  equipment  and  better 
trained  organization;  but  the  beneficial  effects  of  these  improvements  were 
counteracted,  to  some  extent,  by  the  shortage  of  labor  available  fot  emergency 
snow  work.  Schedules  called  for  14,737  emergency  laborers,  working  in  9- 
hour  shifts,  while  storms  were  in  progress.  The  average  number  of  men 
secured  was  9,060,  or  61  per  cent  of  the  required  number.  Use  of  snow  plows, 
designed  by  the  Department  and  attached  to  commercial  motor-driven  trucks, 
aided  in  reducing  the  effect  of  the  shortage  of  labor.  These  plows  were  used 
for  piling  snow  in  the  center  or  on  the  sides  of  streets. 

Over  50  in.  of  snow  fell  during  that  winter,  compared  with  the  average  fail 
of  32.2  in.  The  total  area  scheduled  for  snow  work  in  the  three  borouighs  bad 
increased  to  33,311,899  sq.  yd.,  which  represented  946.17  miles  of  streets. 
Nearly  12,000,000  cu.  yd.  of  snow  (truck  capacity  basis)  were  removed  at  a 
gross  cost  of  $2,521,299.55,  or  at  the  rate  of  21.2  ct.  per  cubic  yard.  This  was 
more  than  double  the  quantity  (truck  capacity  basis)  removed  by  the  city  dur- 
ing any  previous  winter  season,  and  the  cost  was  less  than  half  the  average 
cost  per  cubic  yard  for  the  previous  7  years.  No  serious  complaints  were 
made  regarding  snow  removal  during  the  season,  which  is  creditable  to  speedy 
action  in  opening  main  arteries  with  automobile  snow  plows,  emplajmiBDt  of 
the  largest  procurable  force  of  emergency  laborers  during  storms  and  the  use  of 
sewers  for  the  disposal  of  snow. 

Including  the  statistics  of  the  snow  storm  of  Dec.,  1917,  the  total  fall  of  anoiw 
for  the  calendar  year  1916  was  54.6  in.;  average  for  the  previouB  47  yean: 
32.16  in.  The  daily  rate  of  removal  during  1916  was  198.000  cu.  yd.,  com- 
pared with  the  grand  average,  1907  to  1915,  inclusive,  of  71,886  cu.  yd.  Rata 
of  daily  removal  during  and  following  the  storm  of  Dec.  15  last  surpaaaed  all 
previous  records.  There  was  a  snowfall  of  12  in.  The  cubic  yards  removed 
totaled  2,178,301.  Nine  days  were  required  for  completion  of  the  task,  the 
daily  removal  approximating  242,000  cu.  yd.  This  record  was  achieved  da- 
spite  a  shortage  of  labor,  because  of  the  almost  perfect  working  cf  the  flystaii 
established  by  the  Department.  An  important  feature  was  the  use  of  120 
city  snow  plows  driven  by  commercial  motor  trucks. 

The  following  tables  present  statistics  of  snow  storms  and  anaw  lemoval 
work  during  1916.  The  tables  showing  the  area  assigned  to  eacA  of  the  three 
forces  engaged  upon  snow  work  show  only  slight  changes  from  tbe 
showing  corresponding  statistics  in  1915. 
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Snow  Equipment  on  Dbc.  31.   1916 
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Borough 

Manhattan 113  61         3         64     12       11         7,677  4,038  4,780 

The  Bronx 17     4       . .  10       3         3         1,529       617      574 

Brooklyn 39  18         1         26       5         5        4,058  2,860  2,182 

Total 169  86         4       100     20       19       13,264  7,524  7.436 
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Manhattan 484       11 .984  104       210           925  306  171  665 

The  Bronx 90        2.860     14         43           139     43  30  105 

Brooklyn 311         7.477     76         82           346     62  54  180 

Total 885       22.321194       335       1.410  411  256  940 

'Carried  on  auto  trucks  for  making  minor  repairs  to  auto  plows  in  the  field. 
fCarried  in  stables  for  making  repairs  to  auto  plows. 


The  average  daily  rate  of  removal  for  the  two  years  under  the  old  method 
was  51,390  cu.  yd.,  at  an  average  cost  to  the  city  of  90.535  per  cubic 
yard.  Under  the  new  method,  the  average  daily  rate  of  removal  for  the 
two  years  was  234.211  cu.  yd.,  at  an  average  cost  of  0.188. 

Cost  of  Snow  Removal  by  South  Park  Commissioners,  Chicago,  was  gIvHl 
by  H.  F.  Richards,  in  a  paper  presented  March  4,  1918,  before  the  WeBten 
Society  of  Engineers.  Extracts  from  the  paper,  as  given  in  Engineering  and 
Contracting,  April  3.  1918,  follow. 

The  areas  covered  by  the  South  Park  Commissioners  in  their  snow  cleaning 
work  include  about  67  miles  of  drives  and  175  miles  of  walks  and  00  to  95  aem 
of  skating  ice. 

The  South  Park  snow  handling  equipment  includes  five  3-wheeled  tracton 
fitted  with  detachabU^  V-shaped  plows  having  wing  extensions  and  with  de- 
tachable revolving  street  brooms,  one  4-wheeled  tractor  equipped  with  both 
y-shai)e<l  and  straight  moldboard  attachments,  some  very  large  snow  iiMiHwg 
wagons,  20  large  4-w heeled  iron  plows  of  the  road  grader  tjrpe,  17  large  woodm 
4-wheeled  tractors  fitted  with  detachable  revolving  street  brooma,  one  4- 
wheeled  tractor  equipped  with  both  V-shaped  and  straight  moldboard  attadi- 
ments.  17  large  wooden.  4-wheeled  i)lows  similar  to  the  road  graders,  6  ameU 
iron-wheeled  plows  u.sed  mainly  for  cleaning  snow  off  sidewallcs  around  the 
smaller  i)arks.  several  straight  moldboanl  attachments  for  auto  trucks,  and 
a  considerable  numl)er  of  large  ajax  scrapers,  triangle  jritaws,  ioe  shavlBI 
machines,  etc.,  for  cleaning  the  fields  of  skating  ice. 


'•REET  SPRINKLING 
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anew  on  drive  at  6  inches 

....   33.541 

:k  (5  hours)  will  be  the  same  as  for  the  mnm- 
!f,  tor  a  4-in.  snowfall  and  190  for  a  6-in.  snowfalL  These 
B  gone  over  twice,  but  it  is  intended  to  go  over  the  drives 
ihington  Parli  stables  and  12th  St.  on  Michigan  Ave.  twice 
■m  as  clean  as  possible,  as  the  first  trip  over  the  drives  usuallr 
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Cost  of  Plowing  Snow  Off  Drives  Cleaned  in  the  Aftbbnoon  of  thi 

First  Day 

Per  1,000 

Per  mile       sq.  yd.  of  Per  cu.  yd. 

of  drive        pavement  of  snow 

For  4-in.  snowfall $9.94           $0,373  $0.00336 

For  6-in.  snowfall 11.93                .448  .00268 

Total  cost  (without  overhead) $75. 00 

Total  cost  (without  overhead) 90. 00 

Second  Day  (iVtne  Hours '  Work) . — Half  of  the  teams  will  plow  to  the  gotten 
on — 

Width,       Area,     Length, 
ft.  sq.  yd.       mues 

Garfield  Blvd.  (south  drive — State  to  Western)  40-25       56,601       3  00 

Garfield  Blvd.  (north  drive — South  Park  to  Western)     40-25       68.424       3.50. 

Other  half  of  the  teams  will  plow  snow  on — 

A.  M. — (From  park  stables  to  79th  St.  and  Bond  Ave.) — 

Washington  Park  (part  of  drives) 40-50  10,000  0.40 

Midway  (south  drive) 40  21,910  1.00 

Jackson  Park  (part  of  drives) 40  44 , 000  2. 00 

Yates  Ave.  (71st  St.  and  Bond  Ave.  to  79th  St.) 32-38  36 ,  500  1 .76 

P.  M. — In  the  afternoon  over  the  following  drives: 

Fifty-first  St.  (including  Drexel  Sq.) 40  81 , 976  0. 94 

East  End  Ave 50  18.700  0.65 

Jackson  Park  (rest  of  drives  in  "outer"  circle) 40  70.000  3.00 

358.201     16.24 

Cu.  yd.  of  snow  on  drive:  At  4  in.,  39,800;  at  6  in.,  59,700. 

As  this  is  a  9-hour  day,  the  cost  of  plowing  the  snow  after  a  4-in.  snowfall, 
using  40  horses,  will  be  $135,  at  the  rate  of  $6  per  8-hour  day  for  team  and 
driver;  in  case  of  a  6-in.  snow  the  cost  will  be  $162,  48  horses  being  used. 

Cost  of  Plowing  Snow  Off  Drives  Cleaned  on  the  Second  "Day 

Per  Per  1,000  Per 

mile  sq.  yd.  cu.  yd. 

For  4-in.  snowfall $8. 31           $0,378  $0.00840 

For  6-in.  snowfall 9.98               .458  .00278 

Total  cost  (without  overhead)  for  4-in.  snowfall $185.00 

Total  cost  (without  overhead)  for  6-in.  snowfall 162.00 

Third  Day  (Nine  Hours'  Work) . — One-half  of  the  teams  will  plow  SDOW  tO  the 
sides  on  the  following  drives: 

Width,  Area,  Laaftht 
ft.  sq.  yd.  mfles 
66th  and  G7th  Sts.  (Jackson  Park  to  Ash- 
land)             28  67,518               4. 10 

•  Normal  Ave 32  63,580  2. 10 

Oth(»r  half  of  the  teams  will  plow — 

Grand  Blvd.  (side  drives) 25t  58,432  4.00t 

Washington  Park  (rest  of  "outer"  circle 

of  drives) 40-50  45,000  1.60 

234,530  11.80 

*  Cu.  yd.  of  snow  on  drive:  At  4  in.,  26,060;  at  6  in.,  89,000.  t  E*^ 
t  Together. 

At  the  rate  of  $6  per  8-hour  day  for  a  team  and  driver,  the  cost  of  plowinff 
a  4-in.  snowfall,  using  40  horses,  will  be  $135;  for  a  6-in.  snowfall  the  ooat  nBk 
be  $162,  48  horses  being  in  use. 


jve  coRta  do  not  include  fixed  chargea^     Tbere  were  no  i 
uring  this  period. 

;now  RemoTil  With  Retary  Plow.— The  following  ts  (lom : 
ontractiDg.  May  5,  1920, 
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The  blades  are  operated  by  a  60-HP.  marine  engine.  The  snow  Is  pulverized 
by  the  blades  and  projected  upward  and  then  out  through  specially  devised 
outlets.  In  a  discussion  of  a  report  presented  to  the  1919  convention  of  the 
American  Road  Builders'  Association,  Capt.  J.  A.  Duchastel,  City  Engineer  of 
Outremont,  gave  the  following  data  on  work  done  by  the  machine  in  1917-18: 

In  one  instance  the  work  consisted  of  removing  a  bank  of  snow  on  each  side 
of  Cote  St.  Catherine  Road.  This  snow  had  been  piled  up  at  a  distance  of 
10  ft.  from  the  car  track  by  the  Montreal  Tramways  snow  leveler.  The  bank 
was  about  10  ft.  wide  and  1ft.  9  in.  high;  the  snow  was  very  compact.  The 
cost  was  worked  out  in  the  following  manner: 

After  allowing  a  depreciation  of  10  per  cent  on  the  cost  of  the  machine, 
interest  at  the  rate  of  7  per  cent,  and  $241  per  year  for  repairs,  it  was  figured 
that  the  fixed  charges  per  day  for  the  machine  for  a  period  of  60  working  days 
during  the  season,  was  $14.  Figuring  the  cost  of  gasoline,  the  time  of  the 
operator,  the  corporation  teams  and  helpers,  as  well  as  the  time  of  a  grader  and 
snowplow  used  in  connection  with  this  work  to  remove  whatever  aocumulati(m 
of  snow  was  deposited  on  the  sidewalks  by  this  machine,  it  was  found  that  the 
cost  per  lineal  yard  of  cleaning  one  side  only  was  7.65  cts.  This  work  covered 
a  period  of  23  hours  and  a  bank  of  snow  6,775  ft.  long,  10  ft.  wide,  and  1  ft. 
9  in.  high,  was  cleared  in  that  time.    Naturally  that  was  not  continuous  work. 

As  a  parallel  to  this  work,  the  cost  of  removing  snow  on  the  same  date  mi 
another  section  of  the  same  road,  under  exactly  the  same  conditicMis,  was  kept, 
the  snow  being  loaded  by  hand  in  sleighs  and  removed  to  a  dump  less  than 
yi  of  B.  mile  away.  The  cost  per  lineal  yard  was  23.7cts.  This  work  covered 
a  period  of  10  hours  and  a  bank  of  snow  950  ft.  long,  10  ft.  wide,  and  1  ft. 
9  in.  high  was  cleared.  As  a  check  on  these  figures,  the  cost  of  clearing  Cote 
St.  Catherine  Road  by  the  second  method  in  the  previous  year  was  looked  up, 
and  it  was  found  that  the  cost  was  27.4  cts.  Probably  the  bank  was,  on  the 
average,  a  little  bit  higher. 

Cost  of  Loading  Snow  by  Steam  Shovel  at  Rochester,  N.  T. — John  T.  Child 
gives  the  following  data  in  Engineering  and  Contracting,  April  7,  1020. 

After  snow  had  accumulated  on  the  ground  for  over  two  months  a  local 
contractor  put  his  steam  shovel  grader  into  commission  and  attacked  the 
huge  accumulations  of  snow  to  prove  the  value  and  desirability  of  a  steam 
shovel  for  loading  heavy  snow.  The  results  obtained  are  summed  up  as  f qUowb: 

Equipment—' 

Keystone  steam  shovel  with  ^<yard  skimmer  bucket  on  18-ft.  boom. 

Shovel  Cost  per  Day — 

Rent,  including  operator  and  fireman $40.00 

Coal,  yi  ton  at  $8.75,  supplied  by  city 3. 25 

2  men  to  release  bucket  and  help  move — hired  by  city 6.06 

Total  daily  cost $48.83 

This  cost  is  equivalent  to  16  men  at  $3.04 — the  prevailing  rate  here  when  the 
work  started.     The  rate  is  $3.36  a  day  now,  which  would  reduce  the  equivalent  to 
14  men. 
Working  Conditions — Day  shift — 8  hours. 

Straight  work  loading  from  a  bank  of  compact  snow  3  ft.  or  4  ft.  hi^  and  8  ft. 
to  10  ft.  wide.     Motor  and  electric  railway — traffic  heavy  on  Main  St.,  Bast, 
Stillson  St. 
Work  Done — 

Loaded  155  3-yard  wagons  in  8  hours,  or  465  cu.  yd. 

Cost  per  load,  $0,314. 

Cost  per  yard,  $0,104. 

Time  per  load,  480/155  =3.1  minutes. 

Actualloading  time — 2  min.     6  buckets  to  a  load. 
Corresponding  Labor  Costa  are  $0,107  and  $0.12  for  hand  labor  at  the  two  nJbm, 


ucks  ic  enow  removal  work,  conseot  wiia  obtained  fiom  ttieCEt; 
o  use  motor  trucka  aad  the  rate  llied  at  f 26  tor  a  S-hour  day.  Only 
imp  trucks  of  large  capacity  were  used.  The  trucks  were  mwle  up 
ds  of  ten  each,  each  squad  being  tn  charge  of  a  ward  superintendent, 
uncher  and  two  Bubforemen.  Five  loaders  were  uslgned  to  each 
n  that  way  trucks  were  quickly  loaded  and  kept  moving,  and  by 
lay  and  night  shifts  the  principal  streets  In  the  loop  were  cleaned  In 
For  the  reason  that  transportatiOD  lliiea  were  scouring  the  haunta 
lidding  as  high  OS  tl  per  hour  and  meals,  and  because  ol  the  eitremely 
her.  It  was  difficult  for  the  Bureau  to  keep  men  at  work  after  it  got 
i  in  order  to  compete  somewhat  with  the  other  agencleB  that  were 
antloally  (or  help  it  picked  out  the  likely  looking  mMerial,  kept  them 
;ht  forces  and  paid  them  time  and  a  half,  which  amounted  to  ta.ST 
9.  In  addition,  on  the  coldest  nights  hot  coffee  and  saDdwicbea  were 
d  to  the  gangs  under  the  direction  of  a  hastily  oizanized 
7  department- 

ployment  of  motor  trucka  In  the  work  of  snow  removal  has  shown  to 
Is  of  the  Bureau  of  Streets  that  the  results  obtained  by  tbeir  use  Is 
>r  to  that  of  teams.  The  large  amount  of  creosote  block  pavement 
I  made  the  haadllng  of  teams  extremely  dlfScult-  Unskilled  drivers 
shod  homes  made  the  task  of  proper  maneuvering  very  hard,  and  as 
Qce  tramc  was  constantly  hilemipted.     With  motor  trucks  lU  sueb 
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situatioiis  were  encountered.  The  limited  dumping  spaces  handy  to  the 
loop  is  also  a  strong  factor  in  favor  of  the  employment  of  motor  trucks.  Tbe 
Graham  &  Morton  docks  at  the  foot  of  Wabash  avenue  is  the  largest  loop 
dump,  and  it  will  accommodate  about  75  teams.  At  the  height  of  a  anow^ 
dumping  day  or  night  this  spot  was  a  bedlam  of  yelling,  cursing  drivers,  with 
the  work  being  often  interrupted  by  staggering  and  falling  horses.  It  was  also 
necessary  to  shovel  the  snow  from  the  tail  end  of  the  wagon  into  the  river, 
while  bottom  dump  wagons  deposited  their  loads  on  the  dock,  mn-Ving  it 
necessary  to  rehandle  it  into  the  river.  As  many  as  66  trucks,  which  equalB 
330  teams,  used  the  Graham  &  Morton  dock  in  one  night,  coming  in  and  out 
of  the  dump  without  a  minute's  confusion  or  delay. 

The  labor  this  year  was  fairly  plentiful  and  of  a  high  caliber.  The  suspen- 
sion of  building  and  allied  industries  threw  many  good  laborers  on  the  market, 
and  the  Bureau  was  able  to  use  them  to  advantage  in  loading  trucks.  Tbe 
Italian  laborer,  who  comprises  95  per  cent  of  the  regular  street  deaning  fone. 
being  as  a  rule  too  short  and  overclothed  to  be  efficient  in  that  kind  of  WDifcf 
was  carefully  excluded  from  our  loading  forces.  The  rapidity  with  which  tbe 
Bureau  was  enabled  to  handle  snow  with  motor  trucks  can  be  judged  by  tbe 
record  of  Jan.  29,  a  typical  night  at  the  Graham  &  Morton  docks,  when  680 
loads  of  snow  were  dumped  in  the  river  by  trucks  in  480  minutes,  an  avenge 
of  one  load  every  45  seconds  for  8  consecutive  hours.  It  might  be  of  intereft 
to  note  that  the  record  of  delivery  at  the  dock  was  distributed  as  follows: 

Hours  between  Losdi 

6  and    7 118 

7  and    8 96 

8  and    9 76 

9  and  10 70 

10  and  11 07 

11  and  12 86 

12  and     1 76 

land    2 66 

It  will  be  noticed  the  number  of  loads  decreased  as  the  vitality  of  the  loeden 
ebbed  until  after  the  time  coffee  and  sandwiches  were  distributed,  when  it 
took  a  strong  upward  turn. 

During  the  blizzards  of  Jan.  6  and  12  the  Bureau  hauled  out  of  the  loop 
14,611  wagon  loads  of  snow,  or  67,202  cu.  yd.,  together  with  5,644  motor 
truck  loads,  containing  44,179  cu.  yd.,  a  total  of  20,255  loads,  of  111,381  cu. 
yd.,  at  acost  of  $61,004.11.     This  averaged  about  54  ct.  per  cubic  yard. 

Snow  Removal  from  Connecticut  Highways. — ^Engineering  and  Contiact- 
ing,  Nov.  6,  1918,  gives  the  following: 

About  $40,350  was  expended  by  the  State  Highway  Department  of  Coo- 
necticut  for  removal  of  snow  from  trunk  highways  in  1917.  The  iuQm|6 
covered  was  970,  and,  including  the  cost  of  equipment,  the  rate  per  mile  mi 
about  $45.  Under  normal  conditions  of  snowfall,  this  cost  would  {xrobsUy 
have  been  less  than  $30  per  mile.  For  its  work  last  winter  the  DepartnMBt 
planned  to  use  18  snow  plows  attached  to  the  front  of  its  trucks.  Tbeie 
proved  inadequate  becau.se  of  the  unusual  winter  conditions,  and  were  supple* 
mented  by  tractors  and  road  machines.  On  heavily  traveled  routes  pmbUr 
cally  all  the  snow  was  removed  while  on  mixed  traffic  roads  about  8  in.  mn 
left.  As  the  result  of  experiments  made  in  1917,  the  Department  found  thst 
the  removal  of  snow  decreased  the  cost  of  bituminous  lepatrs  the  foUowlBf 
spring  by  at  least  one- third.    This  is  accounted  for  by  the  fact  that  whw  tbi 


CHAPTER  XV 
ROADS  AND  PAVEMENTS 

References. — ^Additional  matter  on  the  cost  of  constructing  roads  and 
pavements  is  given  in  Gillette's  "  Handbook  of  Cost  Data"  pages  258  to  474, 
also  in  Gillette  and  Thomas'  "Highway  Construction  and  Maintenance." 
Further  data  on  the  methods  and  costs  of  excavation  and  grading  may  be 
found  in  "Earthwork  and  Its  Cost"  and  "The  Handbook  of  Rock  Excava- 
tion" by  Gillette. 

Estimating  The  Cost  of  Paved  Surfaces  for  Highway  Improvement — 
Robert  E.  Thomas  of  the  Illinois  State  Highway  Department,  gives  the  follow- 
ing discussion  in  Engineering  and  Contracting,  May  2,  1917. 

In  some  instances  where  bonds  have  been  issued  for  road  building,  or  where 
such  action  is  i>ending,  it  has  been  deemed  advisable  to  conduct  the  program 
in  two  distinct  steps:  one  complete  issue  for  the  grading  and  building  of  all 
drainage  features,  and  at  a  later  date,  another  for  the  construction  of  the 
paved  surface.  Because  of  the  fact  that  such  surfaces  often  amount  to  as 
much  as  75  per  cent  or  85  jter  cent  of  the  total  financial  value  of  the  work,  it  is 
imperative  that  investigation  should  be  made  relative  to  the  probable  cost  of 
this  feature  before  any  concerted  action  is  taken.  It  is  hoped  that  the  follow- 
ing information  not  only  will  be  of  assistance  in  making  such  an  investiga- 
tion, but  also  will  furnish  a  method  whereby  reasonable  results  may  be 
obtained  without  a  detailed  consideration  of  every  individual  element. 

Because  of  the  many  operations  and  the  several  ingredients  necessary  in 
constructing  a  paving  slab,  it  appears  feasible  to  divide  the  estimate  of  cost 
into  two  parts,  namely,  that  on  materials  and  that  on  labor. 

Materials. — The  quantities  of  materials  necessary  in  building  a  slab  of  any 
type  are  calculable  with  comparatively  slight  chance  of  error  after  an  inspection 
of  the  cross-section  to  be  used,  and  a  study  of  the  specifications  relating  to  the 
same.  This  is  particularly  true  for  such  types  as  macadam  (either  waterbound 
or  bituminous)  or  gravel,  where  the  quantity  of  stone  is  merely  the  volume  of 
the  completed  slab,  increased  by  an  allowance  for  compaction  due  to  rolling. 
This  allowance  will  vary  with  the  condition  of  the  subgrade,  the  quality  of  the 
stone  and  the  manner  of  rolling,  but  under  normal  conditions  will  average 
approximately  20  per  cent.  The  volume  of  stone  screenings  for  waterbound 
macadam  is  also  subject  to  variation,  but  can  safely  be  estimated  at  from  15 
per  cent  to  20  per  cent  of  the  total  amount  of  macadam  stone  required.  In 
the  case  of  screenings  for  bituminous  macadam,  a  proportionately  greater 
quantity  is  necessary,  and  the  percentage  will  probably  vary  from  20  to  25. 
Practically  all  specifications  state  the  amount  of  bituminous  material  to  be 
used  per  square  yard  for  bituminous  macadam,  so  no  difficulty  will  be 
encountered  with  this  item. 

The  materials  making  up  a  cement  grrouted  brick  pavement  either  with  a 
sand  or  a  sand-cement  bed,  or  of  the  monolithic  type,  can  be  estimated  by 
applying  a  few  well-known  principles.    By  reason  of  the  size  of  brick  uanally. 
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rials,  for  any  rate  of  labor,  or  for  any  length  of  haul,  may  be  ezpreaaed  in 
terms  of  an  equation: 

P  =  ALH  +  BL  +  CH  +  D 
where,    ' 

P  =  total  labor  cost  per  square  yard  in  cents. 
H  =  length  of  average  haul  in  miles. 

L  =  index  number  representing  labor  and  team  rate  per  hour. 
A-B-C-D  =  constants  for  a  particular  type  of  slab. 

Table  I. — Quantities  of  Materials  Peb  Squabb  Yabd  of  Pavkmxmt 

0) 


flj        .r  ©      ^^  S      S! 


a 


Bricic,  No 40       40       40 

Cement,  bbl 147  .188  .169  .313  .111 

Bitumen,  gal 2.55  2.55         2 

Sand,  cu.  yd 092  .087  .070  .092  .094  .037 

ScreeninRS.  cu.  yd 042  .068  .060 

Gravel,  cu.  yd 099  .099  .099  .161  .167 240 

Broken  stone,  cu.  yd 099  .099  .099  .161   .167   .250  .270  .272 

Filler,  lb 9        9 

The  quantity  "  P  "  in  this  equation  is  graphically  represented  by  the  ordinate 
to  a  warped  surface  that  had  first  been  defined  and  located  by  computing  the 
total  labor  cost  for  all  liiuitiog  conditions.  The  equation  was  derived  throui^ 
the  assumption  of  a  straight  line  variation  between  the  computed  limits,  and 
this  theory  has  been  corroborated  by  comparison  with  a  number  of  actual  cases. 

It  was  deemed  advisable  to  indicate  the  labor  and  team  rate  by  an  index, 
as  the  numbers  involved  would  be  smaller  and  calculation  therefore  facilitated. 
For  rates  other  than  are  represented  in  Table  II  the  corresponding  indices 
may  be  determined  by  proration. 

The  estimating  data  used  in  establishing  the  various  constants  for  A,  B,  C 
and  I),  as  shown  in  Table  III,  are  entirely  trustworthy  for  conditl<KiB  as  those 
existing  in  Illinois,  and  have  been  used  for  the  guidance  of  bidders  on  a  vast 
amount  of  high^^-ay  work. 

Table  II. — Indices  fob  Vabious  Labob  Ratm 

Labor  ivr  hr..  cts 15      17^^      20      22H      25      27H      30      32H     M 

Toiims  iior  hr..  cts 30      35  40      45  50      55  60      65         70 

Indox  No.  "L" 01  23  45  678 

T.vBLE  III. — Constants  for  Various  Ttpks  of  Paved  SuaFXCas 

Typ(—  A  B  C  D 

Brick:  Sand-comont  htni  or  sand  cushion.  .      .9633  4.082  5.779  29.404 

Monolithic  brick 9051  3.172  5.4S1  24.0BS 

Cement  concrete 8341  2.900  6.006  28.462 

Bituminous  concroto.  concrete  base 7481  4.353  4.488  30.120 

Bituminous  concrete,  macadnm  base 8646  3.664  5.187  22.986 

Bituminous  macadam 9189  2.832  5.518  17.992 

Water-bound  macadam 8450  2.281  5.070  13.680 

Gravel 6900  1.635  4.140  .9.810 

FinalKv.  to  obtain  the  total  estimated  ooifst  per  square  yard  for  the  slab.  It  is 
only  necessary  to  combine  the  two  costs  as  detennined  for  matoialsaiid  MMrig' 


of 'outfit*! 


ouaout&ix '.'.'.'.'.'. '..'..'. 


xiatlan  Chftiiss  an  Road  Building  Equipmsnl. — According  to  Engl- 
and Contracting,  Bept.  3,  1919,  the  regulationa  governing  work  o(  the 
Ig&way  Department  of  Atliona  provide  that  upon  completion  Ol  a 
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project  depreciation  shall  be  charged  to  the  project,  the  equipment  being 

rated  on  ttie  following  basis: 

Per  cent 
per  year 

Engines,  gas  and  steam 20 

Fresnos 100 

Graders 20 

Mixers,  concrete 20 

Mules 10 

Pile  drivers 20 

Plows 20 

Rock  crushers 20 

Steam  shovels 10 

Tents 76 

Wagons 20 

Wheelbarrows  and  concrete  carts 50 

Trucks  on  daily  rate  on  basis  of  life  of  three  years.  All  small  equipment 
such  as  picks,  axes,  shovels,  etc.,  on  value  at  time  of  transfer  to  new  project. 
The  following  data,  are  from  Engineering  and  Contracting,  Jan.  3,  1917. 

With  the  exception  of  mules,  the  life  of  the  equipment  is  not  solely  depend- 
ent on  the  lapse  of  time.  The  length  of  the  road  building  season,  the  continu- 
ity of  the  work  and  the  care  given  in  handling  and  maintenance,  an  all 
important  factors  in  determining  the  life. 

As  for  tents,  it  is  not  unusual  to  have  them  whipped  to  ribbons  by  strong 
winds  in  three  months  or  less.  On  the  other  hand,  if  used  only  in  dry  weather, 
and  where  winds  are  not  high,  a  tent  may  last  several  road  building  seasons. 

In  this  connection  it  seems  wise  to  point  but  that  annual  depreciation  rates, 
such  as  those  above  given,  are  often  assumed  to  include  current  repair  costs, 
although  iLsually  the  depreciation  rate  is  intended  to  relate  solely  to  the  loss  of 
life  of  the  entire  machine  and  not  to  loss  of  life  of  its  parts.  Railway  locomo- 
tives, for  example,  have  had  an  average  life  of  about  25  years,  or  a  straight-line 
depreciation  rate  of  4  per  cent  per  year,  assuming  no  scrap  value.  But  the 
current  repairs  on  railway  locomotives  have  averaged  about  18  or  20  per  cent 
per  annum. 

Apparently  the  rates  of  annual  depreciation  above  given  do  not  <nnJud<» 
current  repairs.  Yet,  if  not,  why  is  the  annual  depreciation  of  a  steam  engine 
put  as  high  as  20  per  cent?  A  steam  engine  will  surely  last  as  long  as  a  steam 
shovel,  yet  the  latter  is  given  a  depreciation  rate  of  10  per  cent. 

The  fact  is  that  not  a  great  deal  has  been  published  on  the  lives  and  mainte- 
nance costs  of  construction  equipment.  Dana's  "  Handbook  of  Construction 
Plant "  gives  data  on  this  subject.  The  startling  fact  is  brought  out  there  that 
for  one  year  (1908)  repairs  on  steam  shovels  on  the  Panama  Canal  amounted 
to  nearly  50  per  cent  of  their  first  cost!  This  was  equivalent  to  nearly  3  cti. 
per  cubic  yard  excavated.  This,  of  course,  was  under  unusually  expensive 
conditions  and  where  the  work  was  continuous.  Dana  puts  the  average  Ufs 
of  a  steam  shovel  at  20  years. 

In  calculating  depreciation  and  repairs,  it  is  usually  desirable  to  tepaiate 
the  two.  Estimate  depreciation  for  the  full  years,  but  estimate  repairs  by  the 
month  of  actual  work.  Thus,  in  the  case  of  a  steam  shovel,  the  annual  depre- 
ciation may  be  estimated  at  6  per  cent,  and  the  repairs  may  be  estimated  at 
2  per  cent  per  month  of  single-shift  work.  Then  if  it  is  estimated  that  the 
shovel  will  actually  work  six  months  during  a  year,  the  depreciation  amounts 
to  1  per  cent  and  the  repairs  2  per  cent  per  month  of  actual  work. 

Roadbuilding  equipment  averages  less  than  6  months'  actual  work  in  the 
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Tables  IV  and  V  are  intended  to  furnish  a  rough  guide  in  makiDg  estimates 
of  grading  cost  at  a  flat  rate  per  cubic  yard.  They  are  based  on  labor  at  15 
cts.  per  hour;  horses  at  12>^  cts.  per  hour.  The  depreciation  of  gradin^^  equip- 
ment and  repairs  are  figured  at  5  per  cent  per  month  wliile  in  use,  and  It  li 
expected  that  the  force  will  be  organized  economically  and  managed  effidently. 

Cost  of  Small  Steam  Shovel  Work  in  Road  Grading,  California. — J.  E. 
Bonersmith,  gives  the  following  in  Engineering  and  Contracting,  July  19, 
1916.     • 

The  work  described  was  on  the  California  State  Highway  between  Tormey 
and  Eckley  in  Contra  Costa  County,  California,  and  was  done  in  1015.  The 
road  graded  was  four  miles  in  length  and  contained  72,000  cu.  yd.  of  excava- 
tion through  a  rather  rough  country.  The  material  consisted  of  earth,  soft 
and  hard  shale. 

The  method  of  work  was  as  follows:  After  the  culverts  were  constructed, 
two  fresno  gangs  (each  gang  having  a  six-horse  plow  and  tram  four  to  six 
fresnos)  were  started  and  made  the  fill  over  the  culverts;  also  moved  the  diit 
in  all  cuts  where  the  hauls  were  200  ft.  and  less.  A  Model  31  Marion  Rev(dv- 
ing  Shovel  followed  the  fresno  gangs  and  loaded  all  the  material  that  had  to  be 
hauled  into  dump  wagons.  The  number  of  wagons  varied  from  six  to  twelve. 
Behind  the  steam  shovel,  a  small  fresno  with  four  muckers  did  all  the  flTHghtng 
work. 

The  road  was  graded  to  a  width  of  21  ft.  and  through  the  thorough  cuts  the 
shovel  had  to  turn  through  a  full  180°.  On  this  work,  the  average  output  of 
the  shovel  for  an  8-hour  day  was  375  cu.  yd.,  as  there  was  considerable  lossof 
time  in  spotting  the  wagons;  but  where  the  shovel  was  only  going  through  00", 
it  handled  510  cu.  yd.  The  local  water  was  the  cause  of  some  delay  and  since 
the  water  is  a  very  serious  question  in  the  cost  of  equipment  on  any  job,  we 
now  make  it  a  rule  to  have  the  water  analyzed  and  the  proper  boiler  oontpound 
on  hand  before  the  shovel  starts  to  work. 

Costs  to  job  in  day  rentals:  Horses  rented  to  job  at  $1.25  per  working  day; 
fresnos,  wagons,  etc.,  at  $0.25  per  working  day;  wagon  and  fresno  driyers  at 
$2.50  per  day;  Marion  steam  shovel,  including  fuel,  runner,  etc.,  $50  per  day. 
These  costs  of  equipment  are  used  on  all  our  work  as  we  have  found  from  many 
years  of  experience  that  it  is  the  only  way  we  can  arrive  at  a  true  cost.  Take 
the  shovel  as  an  example ;  its  rental  is  based  on  the  following  (diarges: 

First  cost,  $8,200;  life  of  shovel,  1,000  working  days  in  six  years^cost  per 

day $  8.25 

6  per  cent  interest  on  $8,200  for  three  years,  $1,476;  interest  per  day.. .  1.48 
Repairs  (when  the  shovel  is  broken  down  the  engineers',  firemen,  etc., 

time  is  charged  to  repairs),  per  day 2.00 

Freight,  knocking  down,  etc.  (this  cost  was  arrived  at  by  cost  kept  on 

another  shovel),  per  day 8.00 

Fuel,  ^4  ton  of  coal  per  working  day  at  $12  per  ton 0.00 

Water  wagon  with  four  horses  and  driver,  per  day 7.75 

Water  and  oil,  per  day .85 

Engineer  per  day 6.76 

Fireman,  per  day 8.00 

Two  pit  men  at  $2.60  per  day 5.00 

Incidentals 2.02 

Total  cost  per  day 850.00 

Following  is  the  total  cost  of  the  above  mentioned  grading  of  the  Stale 
Highway  between  Tormey  and  Eckley: 
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Distribution  and  Unit  Costs 

Per 
General —  Amount       ca.  3rd. 

Foreman   60  days  at  $4 f     240.00  $0.01116 

l-20th  timekeeper,  60  days  at  20  cts 12. 00       .00066 

Total  general $     252.00  90.01172 

Excavating  and  Placing  Material  in  Wagons 

Labor — 

Engineer,  60  days  at  S6 $    360.00  $0. 01674 

Fireman,  60  days  at  $2.50 150. 00       .00698 

Watchman,  60  days  at  $2.50 150 .  00       .  00698 

2  pit  laborers  58  days  at  $5 290. 00       .01349 

Laborer  on  coal  and  water,  583^  days  at  $2.50 145 .  61        .  00676 

6  laborers  on  cleanup,  58  days  at  $15 870. 00       .04047 

Total  labor $1,965.61  $0.09142 

Material  and  supplies  as  above 199. 56       .00928 

Interest  and  depreciation  on  plant,  lOH  P^i*  cent  on  $4,000 
for  60  days 70.00       .00325 

$2,235.17  $0.10895 

Hauling,  Including  Placing  in  Dump 

7  teams,  58H  days  at  $35 $2,046.00  $0.00516 

2  laborers,  58  days  at  $5 290. 00       .01849 

$2.336.00  80.10865 

Grand  totals $4,823.17  $0.22432 

Based  on  the  total  cost  of  moving  21,500  cu.  yd.  an  average  distance  cf 
1,000  ft.,  the  cost  per  cubic  yard  hauled  100  ft.  would  be  .0221.  However,  tbe 
actual  hauling  cost  per  cubic  yard  per  100  ft.  was  only  .0108. 

Steam  Shovel  Excavation  in  Shallow  Cut  for  Road. — Engineering  and  Con- 
tracting, June  21,  1916,  gives  the  following: 

A  road  grading  cut  1.6  niiles  long  and  nowhere  exceeding  18  in.  in  depth  was 
made  Oct.  1  to  Dec.  10,  1915,  or  in  54  days,  for  a  brick  on  ccMicrete  base  pave- 
ment on  Ocean  Ave.,  Deal,  N.  J.  The  total  amount  of  exoavaticm  was  80,000 
cu.  yd.  The  shovel  used  was  Bucyrus  with  5^-cu.  yd.  dipper,  and  between 
the  dates  named  it  excavated  17,704  cu.  yd.  Working  a  10-hour  day,  the 
greatest  yardage  was  477  cu.  yd. ;  the  average  yardage,  excluding  lost  time,  was 
33  cu.  yd.  per  hour.  During  the  54  working  days  25>^  hours  were  lost,  due 
to  rain  or  other  causes.  Some  partial  records  were  as  follows:  In  9  days  two 
blocks  700  ft.  long  and  50  ft.  wide  were  cleaned  up.  Again,  in  one  week,  in  a 
cut  running  from  9  to  18  in.  deep,  an  advance  of  200  ft.  per  day  was  r^ristered. 
or  an  average  of  about  350  cu.  yd  per  day.  The  haul  averaged  about  a  half 
mile.    The  shovel  had  to  wait  for  wagons  at  times  from  two  to  three  minutes. 

Methods  and  Costs  of  Constructing  Three  Sections  of  Sand-clay  RoaA." 
Engineering  and  Contracting,  April  28,  1915,  publishes  the  foUowlng: 

The  work  considered  is  three  sections  of  sand  clay  "object  lesson*'  road 
built  in  1912  in  North  Carolina.  The  construction  methods  are  described 
and  the  costs  are  computecl  from  data  given  in  the  Report  for  1913-14  of 
Joseph  Hyde  Pratt,  Statp  Geologist,  North  Carolina. 

The  first  section  of  road  extends  from  Calypso,  N.  C,  southeast  towaid 
Kenansville.  The  adjacent  land  is  slightly  rolling  and  the  soil  ia  madf 
throughout  the  length  of  the  section.    The  grading  consisted  In  ptowlnff  tli9 
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.  The  cost  of  superintendence,  which  is  included  above,  was  6.33  per  cent  of 
the  total  cost. 

The  third  section  of  road  was  constructed  in  Lexington,  N.  C.  The  adja- 
cent land  is  rolling  and  the  natural  soil  is  clay  of  a  plastic  nature,  but  lacking 
in  toughness.  The  first  work  was  grading.  The  earth  was  loosened  by  a 
traction  engine  and  a  road  plow ;  loaded  and  hauled  with  drag  scrapers,  wheel 
scrapers,  and  wagons,  and  spread  with  shovels.  The  maximum  cut  was  4  ft. 
and  the  maximum  fill  3  ft.  The  maximum  grade  was  reduced  from  3  per  c^t 
to  1  per  cent. 

The  equipment  consisted  of  three  No.  2  wheel  scrapers,  six  No.  2  drag 
scrapers,  two  plows,  three  IH-cu.  yd.  dump  wagons,  one  12-HP.  traction 
engine,  picks,  shovels,  etc.  The  average  haul  for  excavation  was  150  ft.  and 
the  maximum  haul  400  ft.  The  sand  mixed  with  the  clay  for  surfacing  was 
obtained  from  a  pit  and  hauled  for  an  average  distance  of  3  miles  in  1-cu.  yd. 
slat-bottom  wagons.  The  quaUty  of  the  sand  was  excellent  for  the  purpoee 
for  which  it  was  used.  Free  labor  cost  $1.26  and  $1.50,  and  foreman  $3  per 
10-hour  day.  Convict  labor  was  estimated  at  $1  per  day,  and  teams  cost  from 
$2  to  $3  per  day. 

The  total  length  graded  was  3,000  ft.,  and  the  width  graded,  both  in  cuts 
and  fills,  was  30  ft.,  making  the  total  area  graded  10,000  sq.  yds.  The  entin 
length  of  3,000  ft.  was  surfaced  for  a  width  of  18  ft.,  making  the  area  surfaced 
6,000  sq.  yds.  The  compacted  depth  of  surfacing  material  was  4  ins.  and  the 
crown  ^  in.  to  1  ft.  The  earth  excavation  amounted  to  3,975  cu.  yds.,  and 
the  sand  used  for  surfacing  amounted  to  815  cu.  yds.  The  cost  of  the  work 
was: 

Item  Coet 

Excavation  at  11  cts.  per  cu.  yd $    440. 36 

Hauling  sand  at  80  cts.  per  cu.  yd 652 .  00 

Spreading  at  1.6  cts.  per  cu.  yd 12 .  76 

Mixing  sand  and  clay 60. 60 

Sprinkling 6.00 

General  expenses ".  5.76 

Total $1,177.45 

Per  square  yard,  19.6  cts. 

Methods  and  Cost  of  Constructing  a  Sand-Gumbo  Road  in  Nebraska. — 

Engineering  and  Contracting,  Feb.  4,  1914,  gives  the  following  data,  taken 
from  Bulletin  No.  53  issued  by  the  U.  S.  Department  of  Agriculture. 

On  August  19,  1912,  work  was  resumed  on  the  construction  of  the  sand- 
gumbo  road  extending  northwest  from  the  Platte  River  toward  Columbus, 
Neb.  A  section  of  road  3,002  ft.  long  was  added  to  the  section  constructed 
during  the  fiscal  year  1912.  The  roadbed  was  graded  to  a  width  of  32  ft.  In 
cuts  and  24  ft.  on  fills.  A  sand-gumbo  surface  16  ft.  wide  was  constructed 
having  an  area  of  5,337  sq.  yds.     The  section  was  completed  on  Sept.  4, 1912. 

Earthwork. — The  maximum  grade  was  reduced  from  13.2  per  cent  to  4.4  per 
cent.  The  adjacent  land  is  level  and  the  soil  is  sandy.  The  earth  was  looa- 
ened  with  plows  and  hauled  in  drag,  Fresno  and  wheeled  scrapers.  The 
average  haul  was  160  ft.  and  the  maximum  haul  was  350  ft.  In  the  ezcaym- 
tion  760  cu.  yds.  of  earth  were  moved  and  the  maximum  cut  was  1.8  ft.  and 
the  maximum  fill  2.7  ft. 

The  construction  outfit  consisted  of  4  drag  scrapers,  2  Fresno  scrApers.  1 
wheeled  scraper,  one  8-horse  road  machine,  1  steel  road  drag,  1  idofw,  1  dWc 
harrow,  1  spike  harrow  and  the  necessary  hand  tools.  Labor  cost  92  sod 
teams  $4  per  lO-hour  day.    Table  VI  gives  the  cost  of  the  eaithworic 
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Compared  with  team  haul  the  method  described  shows  a  saving  at  about  30 
cts.  per  cubic  yard,  or  nearly  $700  per  mile.  We  also  saved  89  cts.  on  our 
stone  and  10  cts.  on  the  unloading,  making  a  total  of  about  $1,800  per  miift 
over  previous  prices.  The  saving  on  haul  alone  would  be  more  marked  on  a 
longer  haul.  We  also  used  the  outfit  in  grading  where  material  had  to  be 
moved  some  distance  and  found  it  extremely  convenient  and  economicaL 
Another  very  decided  advantage  of  road  building  by  this  method  is  seen  in  the 
fact  that  there  is  no  hauling  over  the  road  during  constructitm  and  it  is  opened 
to  traffic  in  perfect  condition.  It  is  also  easier  to  keep  the  subgrade  from  being 
cut  up  and  therefore  takes  less  stone  for  a  given  thickness. 

The  costs  in  Table  IX  include  everything  that  is  a  proper  charge  to  the 
work,  the  cost  of  moving  outfit  from  one  point  to  another,  laying  up,  and 
tracklaying  includes  taking  up  as  well.  Loading  includes  setting  up  loader 
and  in  one  case  building  a  siding  1,000  feet  long,  l^ie  number  of  watchmen 
makes  the  hauling  cost  high;  a  greater  output  will  cut  down  the  spreading  tod 
the  overhead  in  this  case  is  high  on  account  of  the  short  season. 

Table  IX, — Macadam  Cost  Sheet,  Delta  County,  Michigan 

No.  of  davs  worked 93 

Miles  of  nniahed  road 9.44 

No.  yards  stone  used 21 ,  920 

No.  yards  stone  used  per  mile 2 ,  310 

No.  days  to  build  mile  of  road — average 9. 4 

No.  yards  stone  per  day 236 

Cost  of  tracklaying  per  mile  of  finished  road $108. 10 

Coot  per 
cu.  yd. 

Cost  of  stone  at  our  siding $         O.860 

Loading  trains .  052 

Tracklaying .047 

Engineer .030 

Brakeman .018 

Watchmen .017 

Coal .012 

Oil,  grease  and  waste .'.  .  008 

Repairs .  003 

Total $        0. 114 

Interest  and  depreciation  on  hauling  outfit .  OfiS 

Spreading .  114 

Sprinkling .048 

RoUing .088 

Foreman  and  timekeeper .  030 

Total $        0.269 

Int.  and  dep.  on  all  other  machinery .040 

General  expense .031 

Total $         0.071 

Total  cost  per  yard  (loose)  of  finished  road $         1 .  418 

Cost  per  mile $3,276.88 

Cost  of  Constructing  Macadam  Pavement  at  Hamilton,  Ont. — ThefbUoiwinc 
figures,  published  in  Engineering  and  Contracting,  Sept.  4,  1918,  from  the 
report  of  E.  R.  Gray,  City  Engineer  of  Hamilton,  Ont.,  for  1916-17  show  the 
unit  cost  of  constructing  2.361  sq.  yd.  of  macadam  on  the  northeily  half  of 
Burlington  St.  The  macadam  consisted  of  5  in.  of  bottom  stone  and  8M  Jn- 
of  top  stone,  requiring  897  cu.  yd.  stone  and  screenings  loose  meaBurement.  or 
559  cu.  yd.  in  place.  This  was  1.6  cu.  yd.  of  stone,  loose  measunmeiit,  lor 
each  cubic  yard  in  place.    The  cost  of  work  was  as  follows: 


EDEth  of  haul  on  the  coat  of  surfulBI. 
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Cost  of  Operating  a  Steam  Road  Roller. — ^E.  W.  Robinson,  gives  the  follow- 
ing costs  of  operating  a  15-ton  macadam  road  roller  for  the  two  seasons  of  1010 
and  1911  in  Engineering  and  Contracting,  March  20,  1912.  The  roller  waa 
bought  new  in  1906  at  a  cost  of  $3,000,  these  two  years  making  the  fourth  and 
fifth  seasons,  respectively,  in  use.  In  all  it  has  been  used  to  roll  150,000 
sq.  yds.  of  water  bound  macadam,  gravel  and  asphalted  macadam  pave- 
ments, and  in  addition  was  used  on  some  three  or  four  miles  of  county  road 
work.  It  has  also  been  used  to  a  small  extent  to  pull  plows  and  rooters  Id 
opening  side  ditches  and  making  street  excavation,  and  for  rolling  down  refilled 
sewer  trenches.  As  nearly  all  the  macadam  roads  and  pavements  In  this 
locality  are  constructed  of  hard  flint  rock  the  large  wheels  are  pretty  wdl 
worn  and  will  need  replacing  after  another  season  or  two.  With  that  one 
exception  the  roller  is  in  very  good  condition,  considering  the  number  of 
different  men  who  have  handled  it,  and  only  a  few  minor  renewals  have  been 
necessary. 

1910 — 67.4  Days  of  8  Hours  Each 

Total         Per  day 

Enginemdn,  67.4  days,  at  S2.50 $168. 50  $2. 500 

Coal,  32.59  tons,  at -$4. 00 130.36  1.934 

Water,  free 00.00  0.000 

Repairs  and  supplies 105. 26  1 . 562 

Interest,  6  %  of  $3,000 180.00  2,671 

Depreciation,  life  25  years,  3  %  compound.  2.75  %  of  $3,000 .  82 .  50  1 .  224 

Total $666.62  $9,891 

Cost  per  sq.  yd.  of  rolling  26,006  sq.  yds.  of  asphalted  macadam,  in- 

clucUng  subgrade,  6  ins.  thick $0.0156 

Cost  per  sq.  yd.  of  rolling  15,062  sq.  yds.  of  gravel  pavement,  including 

subgrade,  6  ins.  thick 0. 0136 

Average  sq.  yds.  rolled  per  day  of  8  hrs.,  asphalted  macadam 680 

Average  sq.  yds.  rolled  per  day  of  8  hrs.,  gravel 787 

1911 — 96.75  Days  of  8  Hours  Each 

Total  Per  day 

Engineman,  96.75  days,  at  $2.50 $241.88  $2,500 

Coal,  40.5  tons,  at  $2.55  average 103. 26  1 . 067 

Water,  free 00.00  O.OOO 

Repairs,  11.85  days  at  $2.50,  plus  $19.90 49.53  0.612 

Oil  and  grease 5. 40  0.066 

Interest.  6  %  of  $3,000 180.00  1.858 

Depreciation,  life  25  years,  3  %  compound,  2.75  %  of  $3,000.       82 .50  0. 861 

Total $662.57  $6,846 

Cost  per  sq.  yd.  of  rolling  34,152  sq.  yds.  of  asphalted  macadam, 

including  subgrade,  6  ins.  thick $0.0176 

Average  sq.  yds.  rolled  per  day  of  8  hrs.,  asphalted  macadam 888 

It  will  be  noted  that  with  a  much  cheaper  cost  per  day  fw  operation  in 
1911  than  in  1910  there  is  a  decrease  in  the  amoimt  rolled  per  day,  with  a 
corresponding  increase  in  cost  per  square  yard.  The  reason  for  this  seeming 
inconsistency  is  that  in  1910  the  roller  did  nothing  but  roll  the  sub-grade  and 
pavement  proper,  and  was  called  out  only  when  there  was  sufficient  sub-grade 
or  pavement  prepared  to  constitute  a  full  day's  work,  while  in  1911  it  was 
kept  on  the  job  continuously  after  the  asphalting  started  and  was  also  used  to 
pull  the  two  500-gal.  portable  asphalt  kettles  forward  as  the  work  progrMsed. 
By  the  difTerence  in  the  amount  of  pavement  rolled  per  day  for  the  two  seMoni 
a  loss  of  about  40  per  cent  of  time  is  shown  for  1911  comx>ared  with  1910,  and 
that  figure  n^presents  pretty  closely  the  time  spent  in  pulling  the  kettles  and 
lying  idle  waiting  for  the  work  to  progress  far  enough  to  make  it  worth  wldle 
to  move  bark  and  roll  the  completed  pavement. 
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The  average  cost  of  maintenance  was  $356.39  for  1911  and  $269.44  for  1912. 

The  weight  of  the  rollers  and  number  of  hours  operated  in  the  year  ending 

March  31,  1912  are  as  follows: 

No.  hours  oper- 
Weight,  tons         ated  in  year 

No.  1  roller 15  1.793 

No.  2  roller 13  1,708 

No.  3  roller 14  1 ,867 

No.  4  roller 8  1 ,922 

No.  6  roller 10  2,023. 

The  cost  of  maintenance  and  oi>eration  of  these  rollers  per  hour  in  operation 

were  as  follows: 

Total  Per  hour 

No.  1  roUer $1,173.61  $0,605 

No.  2  roller 1 ,256. 29  .737 

No.  3  roller 1,650.19  .888 

No.  4  roller 1,267.65  .659 

No.  6  roller 1,271.25  .628 

A  full  day's  work  at  Grand  Rapids  was  lOH  hours:  10  hours  actual  operation, 
and  the  balance  firing  up  in  the  morning. 

Comparative  Cost  of  Operating  Steam  and  Gasoline  Rollers.  (Engineering 
and  Contracting,  Feb.  26,  1913}.— The  road  building  outfit  d  the  Highway 
Commissioners  of  York  County,  Ontario,  includes  two  12>^-ton  and  two  IIH- 
ton  steam  road  rollers  and  a  12-ton  2-cylinder  gasoline  road  roller.  In  the 
report  of  the  Commission  covering  the  year  1912,  E.  A.  James,  Chief  £!ngineer 
of  the  Commission,  gives  the  following  figures  to  show  the  cost  as  nearly  as 
can  be  judged  of  operation  of  the  steam  and  gasoline  machinery,  both  zoDen 
working  under  similar  conditions : 

Cost  of  Operating  Steam  Rolleb 

For  10  Hours'  Rolling 
Fuel- 
Kindling  wood $0.05 

Coal,  380  lbs.  at  $6.85  per  ton l.aO 

Water— 600  gals. ;  hauling  3  hrs.  at  60  cts.  per  hr 1 .  50 

Oil,  etc O.OB 

Engineer — IIM  hours  at  30  cts.  per  hour 8.45 

Total $6.8Q 

For  10  Hours'  Spjiking  and  Scarifying 
Fuel- 
Kindling  wood $0.00 

Coal,  480  lbs.  at  $6.85  per  ton l.$4 

Water — 800  gals.,  hauling 2.00 

Oil 0.05 

Engineer — llM  hours  at  30  cts S.45 

Total $7.1$ 

Cost  of  Opebating  A  Gasoline  Rolleb 
For  10  Hours'  Rolling 


Fuel — 12  gals,  gasoline  at  lo  cts.  per  gal $1.L_ 

Water— Cooling O.llM 

Oil o.or 

Engineer — 10>i  hours  at  30  cts I.07M 

Total si.4yr 
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reshaped  to  a  surface  about  2  in.  below  and  parallel  to  the  finished  surface. 
A  layer  of  2-in.  stone  is  then  added  and  rolled  to  restore  the  cross  section. 
About  IH  gal.  per  square  yard  of  hot  tar  of  heavy  consistency  is  then  applied, 
covered  with  stone  K  in.  to  1  in.  in  size,  and  rolled.  After  this  a  second  coat 
of  tar  of  about  H  gal.  per  square  yard  is  applied  and  covered  with  H-in. 
stone  chips  and  rolled.  This  is,  of  course,  the  well-known  penetration  method, 
applied  to  the  re-surfacing  of  old  roads,  and  its  use  is  advisable  in  cases  where 
the  road  sustains  a  fairly  heavy  traffic  of  both  horse-drawn  and  motor  vehides 
of  all  classes,  say  from  500  to  1,500  vehicles  in  24  hours  for  a  roadway  20  ft. 
wide. 

The  cost  of  ttie  above  treatments  depends  largely  upon  the  condition  of  the 
roads  when  repaired,  and  also  upon  the  cost  of  labor  and  material  at  the 
particular  location  under  consideration.  In  a  general  way,  in  the  District  cf 
Columbia,  the  mixed  bituminous  material  used  in.  the  first  method  costs 
from  $1.40  to  $1.50  per  cubic  foot  in  place  in  the  road.  If  it  will  averafo 
1  in.  deep,  then  it  will  cost  12  to  12K  cts.  per  square  foot  or  $1.08  to  1.12H  per 
square  yard  of  patch  (not  of  roadway  surface).  This  applies  to  small 
patches.  Larger  patches  would  cost  somewhat  less  per  square  yard.  To  patch 
a  roadway,  2  per  cent  of  whose  surface  required  repair  to  an  average  depth  of 
1  in.,  will  therefore  cost  about  2  cts.  to  2H  cts.  per  square  yard  of  roadway 
surface. 

The  second  method  wiU  cost  probably  10  cts.  per  square  yard  for  the  pre- 
liminary work  and  from  5  to  6  cts.  per  square  yard  for  the  new  surface  treat- 
ment, or  a  total  of  15  to  16  cts.  per  square  yard  of  roadway  surface. 

The  third  method,  including  the  work  of  scarifying  and  reshaping  and  the 
cost  of  material  and  labor,  will  cost  from  60  to  75  cts.  per  square  yard,  depend- 
ing on  many  and  various  factors. 

The  costs  are  based  on  labor  at  about  30  cts.  per  hour,  teams  at  $5.60  per 
day,  stone  at  10  cts.  per  cubic  foot  at  the  road,  and  bituminous  materials  at 
10  cts.  to  15  cts.  per  gallon  at  the  work. 

Repairing  Ruts  in  Macadam  Roads. — Engineering  and  Contracting,  May  29 
1912,  gives  the  following  method  used  by  the  Road  Commissioners  of  Alger 
County,  Michigan,  L.  E.  Adams,  County  Road  Engineer,  in  repairing  ruts 
which  had  developed  in  some  of  the  macadam  roads  of  the  county  road  sys- 
tem: The  macadam  was  loosened  with  a  pick  to  the  bottom  course  of  rook 
and  the  hole  cleaned  out.  Rock  from  IH  to  2H  ins.  was  placed  In  the  hole, 
well  wet  and  tamped  so  that  the  top  was  a  trifle  above  the  level  of  the  oui- 
rounding  road.  Screenings  were  then  placed  on  the  rock,  thoroughly  damp- 
ened and  tamped  with  a  25-lb.  iron  rammer.  The  ruts  on  about  3H  mltoi 
of  road  were  repaired  in  this  way  at  a  cost  of  $60  per  mile.  Screenings  and 
rock  were  delivered  in  cars  on  spurs  near  the  work  for  10  cts.  per  cu.  yd.,  and 
were  hauled  in  wagons  and  deposited  along  the  side  of  the  road  where  needed. 
The  average  haul  was  one  mile.  Team  and  driver  cost  $4.50,  foreman  $2J{0 
and  labor  $2  per  day. 

Cost  of  Maintenance  of  Macadam  with  Roller  and  Scariflerv— George  E. 
Martin  gives  the  following  matter  in  Engineering  Record,  Nov.  4, 1916. 

Putnam  County,  Indiana,  has  a  very  large  mileage  of  macadam  roadi. 
Many  of  these  roads  were  built  with  but  little  attention  to  grades  or  drainage- 
Greencastle,  the  county  seat,  is  in  the  center  of  a  region  producing  a  good 
grade  of  road-building  limestone,  and  comparatively  Jarge  amounts  d  stOBi 
have  been  placed  on  the  roads  of  the  vicinity. 

The  county,  in  1015,  purchased  a  steam  roller  with  a  scarifier  attadied  to  It 


nia 10. CMS 

-predstion  at  10  per  lent  and  intereat  at  4K  per  eaii  od 

■  worth  of  equipment 0.0015 

irage  atutuol  cost,  not  Including  Interest  and  depreciation  for  the 
years  ot  this  lO-year  period,  was  SO.O340  per  square  yard,  for  the 
r  years  $0.0365  per  square  yard,  and  for  the  last  three  years  tO.OS  17 

Is  seen  that  the  direct  cost  of  maintenance  did  not  increase  durtai* 
ara  uotwlthstaading  the  great  increase  In  the  numt>er  of  motor 

the  next  three  years  tlie  cost  of  labor,  teams  and  materials  Increased 
ateetor  the  Hscal  year  end uig  March  31,  IQIQ,  Nti>od  as  follows: 

'ith  drivpre,  S7H'ct.  per  hour,  an  inrresse  oi  4o  per  cent. 


912  HANDBOOK  OF  CONSTRUCTION  COST 

average  for  the  10-year  period.  This  percentage  of  increase  is  in  exoeas  of 
that  for  labor  and  materials.  It  is  beUeved  that  the  excess  is  entirely  due  to 
the  fact  that  war  restrictions  prevented  the  securing  of  the  customary  amount 
of  asphaltic  road  oil,  thus  the  usual  maintenance  benefit  of  the  oil  was  lost. 
Taking  the  present  cost  of  new  macadam  at  Hartford,  which  is  99  cts.  per 
square  yard' and  distributing  it  over  a  period  of  years  long  enough  to  bring  in 
the  average  maintenance  costs,  say  20  years,  then  the  ultimate  cost  can  be 
determined  as  follows: 

Interest  at  4H  per  cent  on  first  cost  for  20  years  «  90.045  X  $0.99  X 

20.  per  sq.  yci $0.8910 

Sinking  fund  to  repay  original  outlay  at  end  of  20  years,  compounded 

annually  at  4  per  cent  =  $0.03358  X  $0.99  X  20. . 6649 

Present  annual  cost  of  maintenance  including  depreciation  and  interest, 

$0.0566  per  square  yard,  for  20  years.     $0.0566  X20= 1. 1820 

Ultimate  cost  per  square  yard  for  20  years $2. 6870 

Ultimate  cost  of  Hartford's  macadam  per  square  yard  per  year 0 .  1844 

Rate  of   Scarifying  Macadam  Road  with  "Allen"  Scarifier. — In  a  paper, 
presented  at  the  1918  annual  conference  of  Ontario  Road  Superintendents,- 
R.  Crawford  Muir  described  the  reconstruction  of  Dundas  Street,  the  chief 
means  of  access  to  Toronto. 

The  old  road  was  scarified  4  to  6  in.  deep  for  its  full  length  and  width,  and 
the  loose  stones  were  drawn  to  the  sides  to  form  the  shoulders,  thus  ledudng 
the  crown  necessary  for  the  new  surface. 

The  type  of  scarifier  used  was  the  "  Allen"  attached  to  the  side  of  the  roller. 
This  scarifier  consisted  of  2  picks  or  teeth  and  was  capable  of  picking  up  800 
to  1,200  sq.  yd.  a  day. 

Estimating  Gravel  Road  Material  Quantities  and  Cost  of  Hauliiiff. — 
Engineering  and  Contracting,  Jan.  5,  1916,  publishes  the  following  eztnct 
from  Iowa  State  Highway  Commission  Service  Bulletin  Decembeft  1916- 

Table  XI. — Number  op  Linear  Feet  op  9-Ft.  Road  a  Load  op  a  Qivsn  Sm 
Should  Cover  por  Various  Loose  Depths 

Weight  of  load 

Lime-  Size 

Granite,        stone,         of  load,    Length  spread  for  loose  depth  in  inohee- — 

lb.  lb.  cu.  yd.  3-in.  4-in.  5-in.  6-in. 

2,800  2.500  1  12  ft.  9        ft.  7.2  ft.  6      ft. 

3.500  2,125  IH  15  ft.  11.25  ft.  9      ft.  7.5  ft 

4,200  3,750  IH  18ft.  13.5    ft.  10.8ft.  9      ft. 

4.900  4,375  IH  21ft.  15.75ft.  12.6ft.  10.6ft. 

5.600  5,000  2  24  ft.  18        ft.  14.4  ft.  12      ft. 

6.300  5,625  2K  27  ft.  20.25  ft.  16.2  ft.  13.6  ft. 

7.000  6.250  2H  30  ft.  22.5    ft.  18      ft.  15      ft. 

7,700  6,875  2^  33  ft.  24.75  ft.  19.8  ft.  16.5  ft. 

8,400  7,500  3  36  ft.  27        ft.  21.6ft.  18      ft. 

Table  XII. — Number  op  Cubic  Yards  op  Material  Feb  Mile  to  Mass 
GrvEN  Loose  Deptu  por  Various  WmTHs  of  Road 

Width   of   surfacing 

Depth  of  loose  material  in  9-ft.         14-ft.        16-ft.        16-ft.        IWt. 

inches  cu.  yd.     cu.  yd.     ou.  yd.     oa.  yd.     eu.  yd. 

iH-in.  screenings) 180  280  300'  325  887 

3-in 440  684  733  782  880 

4-in 587  913  979  1.043  1,174 

5-in 734  1,141  1,222  1.804  1.468 

6-in 880  1.369  1,466  1.565  1,780 

Square  yards  of  surface  per  mile . .  5,280  8,213  8,800  9,387  10.560 
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With  the  five  trucks  now  in  use  it  ia  possible  to  cover  prscticallr 
system  before  the  roads  become  too  dry  to  accomplish  any  good. 
«  truck  we  MB  in  position  to  completely  scrape  30  miles  of  road  per 
do  this  there  Is  hung  to  each  tniclc  t,  fleet  of  three  road  jnachlnes. 
rip  completes  the  road. 
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Daily  reports  are  made  out  by  the  foreman;  from  these  reports  Table  XUI 
has  been  compiled.  This  table  is  for  three  boulevards  which  represent  ayer- 
age  conditions  when  haul  of  materials  is  taken  into  account. 

Under  ordinary  circumstances,  the  cost  per  square  yard  for  oiling  on  The 
Paseo  should  be  between  $.004  and  $.005,  but  on  this  boulevard  there  was 
8,280  sq.  yds.  of  new  roadway,  which  requires  much  more  oil  and  labor  than 
the  old  cushion  surface.  There  are  also  4,968  sq.  yds.  of  this  boulevard  used 
as  a  traffic  way,  on  which  the  travel  is  exceptionally  heavy,  so  that  more  labor 
is  required  in  cleaning  same,  and  a  thick  coat  of  oil  and  dust  is  required. 

Cost  of  Applying  Emulsifying  Oil  in  Carlisle,  Pa. — John  C.  Hiteaherw  gives 
the  following  data  in  Engineering  and  Contracting,  June  9,  1915. 

In  1914  Emulsifying  Oil  was  selected  because  of  its  previous  success.  It 
had  very  little  odor  and  after  a  few  hours  dried  sufficiently  not  to  track  onto 
the  sidewalks.    Also  the  price  played  a  large  part  in  the  selection. 

The  manner  of  applying  the  oil  was  as  follows:  An  overhead  siding  was  used 
from  which  the  <A\.  was  nm  from  tank  car  to  sprinkler  by  gravity.  An  ordin- 
ary  water  sprinkler  of  500  gals,  capacity  was  used,  and  filled  about  one-half 
full,  the  sprinkler  was  then  taken  to  the  block  to  be  oiled  and  the  other  half 
filled  with  water  at  the  nearest  fire  plug.  The  oil  and  water  were  the 
thoroughly  mixed  with  a  hoe,  but  later  on  it  was  found  that  time  was  saved 
and  as  perfect  a  mixture  was  secured  by  placing  the  hose  connected  with 
the  fire  plug  in  the  bottom  of  the  sprinkler  and  turning  on  full  pressure  of  the 
water,  wliich  would  then  literally  "boil  up"  and  thoroughly  emulsify. 

The  sprinkler  distributed  the  oil  so  uniformly  that  no  brooming  was  required 
after  oiling.  The  streets  were  lightly  swept  before  oiling  in  order  to  dean 
them  but  to  leave  sufficient  dust  for  the  oil  to  take  hold  or  penetrate. 

The  cost  of  oiling  approximately  160,000  sq.  yds.  or  34  blocks,  or  eight  miles 
of  street  averaging  45  ft.  in  width,  giving  the  whole  two  applications,  was  as 
follows: 

Materials — 

26,509  Kftls.  emulsifying  oil  at  .0446ct8 $1 ,  182.81 

DemurruKo 16.00 

Total $1,198.31 

Labor — 

Foreman,  5  hrs.  at  20  cts $         1 .  00 

Labor,  65  hrs.  at  16  cts 10.40 

Labor,  97  hrs,  at  15  cts 14.65 

Lal)or,  5  hrs.  at  10  cts .60 

Team,  103  hrs.  at  15  cts 16.46 

Team,  25  hrs.  at  10  cts 2.60 

'>llector,  21  days  at  $1.00 21.00 

>llector,  6  days  at  $1.50 9.00 

Total $      74.40 

Grand  total $1,272.71 

IVr  H(iu:irc  yard $0,008 

Cost  of  Asphaltic  Oil  Surface  Treatment  at  Portland,  Me. — During  the 
jeason  of  1912  an  area  of  39,066  sq.  yds.  of  macadam  at  Portland,  Me.,  was 
given  a  surfiice  treatment  with  asphaltoilene.  The  following  costs  on  this 
work,  given  in  Engineering  and  Contracting,  Oct.  1,  1913,  were  reammged 
from  the  annual  n^port  of  the  Commissioner  of  Public  Works.  The  asphalt- 
oilene cost  7M  cts.  per  gallon.  Labor  was  $2  per  9-hour  day,  and  team  and 
driver  $5. 
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Daily  reports  are  made  out  by  the  foreman;  from  these  reports  Table  XIII 
has  been  compiled.  This  table  is  for  three  boulevards  which  represent  aver- 
age conditions  when  haul  of  materials  is  taken  into  account. 

Under  ordinary  circumstances,  the  cost  per  square  yard  for  oiling  on  The 
Paseo  should  be  between  $.004  and  $.005,  but  on  this  boulevard  there  was 
8,280  sq.  yds.  of  new  roadway,  which  requires  much  more  oil  and  labor  than 
the  old  cushion  surface.  There  are  also  4,968  sq.  yds.  of  this  boulevard  used 
as  a  traffic  way,  on  which  the  travel  is  exceptionally  heavy,  so  that  more  labor 
is  required  in  cleaning  same,  and  a  thick  coat  of  oil  and  dust  is  required. 

Cost  of  Appl]ring  Emulsifying  Oil  in  Carlisle,  Pa. — John  C.  Hiteshew  gives 
the  following  data  in  Engineering  and  Contracting,  June  9,  1915. 

In  1914  Emulsifying  Oil  was  selected  because  of  its  previous  sucoesB.  It 
had  very  little  odor  and  after  a  few  hours  dried  sufficiently  not  to  track  onto 
the  sidewalks.    Also  the  price  played  a  large  part  in  the  selection. 

The  manner  of  applying  the  oil  was  as  follows:  An  overhead  siding  was  used 
from  which  the  <^  was  run  from  tank  car  to  sprinkler  by  gravity.  An  ordin- 
ary water  sprinkler  of  500  gals,  capacity  was  used,  and  ffiled  about  one-half 
full,  the  sprinkler  was  then  taken  to  the  block  to  be  oiled  and  the  other  hi^ 
ffiled  with  water  at  the  nearest  fire  plug.  The  oil  and  water  were  the 
thoroughly  mixed  with  a  hoe,  but  later  on  it  was  found  that  time  was  saved 
and  as  perfect  a  mixture  was  secured  by  placing  the  hose  connected  with 
the  fire  plug  in  the  bottom  of  the  sprinkler  and  turning  on  full  pressure  of  the 
water,  which  would  then  literally  "boil  up"  and  thoroughly  emuMfy. 

The  sprinkler  distributed  the  oil  so  uniformly  that  no  brooming  was  required 
after  oiling.  The  streets  were  lightly  swept  before  oiling  in  order  to  clean 
them  but  to  leave  sufficient  dust  for  the  oil  to  take  hold  or  penetrate. 

The  cost  of  oiling  approximately  160,000  sq.  yds.  or  34  blocks,  or  eight  miles 
of  street  averaging  45  ft.  in  width,  giving  the  whole  two  applications,  was  as 
follows: 

Materials — 

26,509  gals,  emulsifying  oil  at  .0446ct8 $1 .  182.81 

Demurrage 16.00 

Total $1,198.81 

Labor — 

Foreman,  5  hrs.  at  20  cts $         1 .00 

Labor,  65  hrs.  at  16  cts 10.40 

Labor,  97  hrs.  at  15  cts 14 .  66 

Labor,  5  hrs.  at  10  cts .60 

Team,  103  hrs.  at  15  cts 16.46 

Team,  25  hrs.  at  10  cts 2.60 

Collector,  21  days  at  $1.00 21.00 

Collector,  6  days  at  $1.50 9.00 

Total $       74.40 


■^r 


Grand  total $1,272.71 

Per  square  yard $0,008 

Cost  of  Asphaltic  Oil  Surface  Treatment  at  Portland,  Me. — ^During  the 
season  of  1912  an  area  of  39,066  sq.  yds.  of  macadam  at  Portland,  Me.,  w«B 
given  a  surface  treatment  with  asphaltoilene.  The  following  coste  on  this 
work,  given  in  Engineering  and  Contracting,  Oct.  1,  1913,  were  rearranged 
from  the  annual  report  of  the  Commissioner  of  Public  Works.  The  «m>halt- 
oilene  cost  7H  cts.  per  gallon.  Labor  was  $2  per  9-hour  day,  and  toun  and 
driver  $5. 
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breast  work.  Only  four  i)erch  was  obtained  from  a  iK>und  of  dynamite  on 
accomit  of  much  blistering. 

The  rock  was  then  crushed  by  the  department  crusher  into  bins  and  hauled 
to  this  and  other  jobs.  The  crusher  had  a  10  X  22  opening  and  was  portable 
and  low  setting.  Sufficient  power  could  not  be  produced  by  a  13-ton  roller 
so  a  16  H.  P.  traction  engine  was  leased.  Three  men  loaded  three  carts  on  a 
400-f t.  haul  and  three  men  fed  the  crusher  and  one  man  operated  bins.  The 
average  amount  crushed  was  86  i)erch  in  ten  hours  and  the  cost  was  27  cts.  a 
perch.    Coal  was  purchased  by  carload  and  a  half  ton  i)er  day  was  used. 

Owing  to  a  large  amount  of  necessary  work  in  other  sections  the  laying  of 
telford  was  given  to  a  contractor  whose  quarry  and  plant  was  on  the  street 
and  who  could  bid  even  with  the  department  and  yet  make  considerable  profit. 
All  other  work  was  done  by  the  municipal  forces. 

Prior  to  \&ying  the  telford  the  entire  subgrade  was  trimmed  to  crown  and 
contour  and  rolled  thoroughly  by  a  13-ton  three-wheel  roller.  At  the  same 
time  the  banks  in  deep  cuts  were  sloped  back  to  the  building  lines  which  will 
account  for  the  large  cost  of  11  cts.  per  sq.  yd.  for  trimming.  The  telfoid 
stones  were  broken  about  8  ins.  in  height  and  were  laid  very  dose  and  w^ 
keyed  with  stone  wedges.  The  average  amount  laid  was  40  sq.  yds.  per  man 
in  10  hours.  After  a  stretch  of  300  ft.  (36  ft.  between  curbs)  was  ready  it  was 
rolled  in  a  day  by  the  large  roller  which  crushed  off  projecting  comers  and 
imbedded  the  stones  until  the  telford  was  6  ins.  above  sul^ade  as  called  for. 
About  4  ins.  of  IK  to  2>^-in.  stone  was  then  spread  over  by  a  spreading  wagon 
and  when  rolled  into  the  interstices  of  the  base  there  remained  room  for  2  to  8 
Ins.,  loose,  of  ^i  to  IK-in-  stone.  This  top  course  was  only  rolled  two  or  three 
times  to  smooth  it  up  and  no  screenings  were  allowed. 

The  representatives  of  the  asphalt  company  claimed  that  the  top  stone 
should  be  about  2^^  ins.  in  size,  but  upon  experiment  it  was  found  that  thisaiae 
required  nearly  50  per  cent  more  asphalt  and  produced  only  slightly  better 
penetration  and  gave  more  danger  of  a  flat  stone  tilting  up.  It  was  also 
claimed  that  no  rolling  whatsoever  on  the  top  course  should  precede  the  pour- 
ing but  it  was  found  that  undulations  would  then  not  be  found  until  too  late 
for  correction  except  at  considerable  cost. 

The  force  used  on  the  asphalt  work  was  only  five  men.  One  man  attended 
the  wood  fires,  two  men  carried  the  hot  asphalt  and  one  man  poured.  The 
fifth  man  spread  screenings,  leveled  stones  ahead  of  pouring  and  on  close  work 
helped  to  pour.  Fires  were  started  at  sunrise  and  pouring  commenced  at 
7  A.  M.  The  gang  took  very  little  time  for  lunch  and  at  night  always  filled 
the  kettles  with  fresh  asphalt  for  the  next  day's  work. 

The  kettles  used  were  two  caldrons  on  tripods  holding  nearly  a  barrel  apleoe 
and  one  150-gal.  asphalt  heating  tank  on  wheels.  With  this  meagre  outfit  aa 
average  of  over  400  sq.  yds.  a  day  was  maintained.  During  the  hot  weather 
the  barrels  were  suspended  on  trestles  over  the  caldrons  and  set  directly  oil 
the  large  kettle  and  thus  emptied  by  gravity,  but  as  the  weather  grew  cooler 
this  was  too  slow  a  process  and  the  barrels  were  broken  apart  and  the  aqihalt 
cut  up  in  chunks.  This  of  course  could  not  be  done  in  warm  weather.  It  was 
found  that  with  the  time  gained  and  by  the  burning  of  the  broken  barrels  that 
more  money  was  saved  tlian  by  the  slow  method  and  the  buying  of  fuel  wood 
and  returning  the  barrels.  The  barrels  which  had  been  drained  in  wann 
weather  were  well  cleaned,  when  it  became  cooler  by  jarring  the  asphalt  kxMW 
which  had  clung  to  the  inside. 

The  only  fault  found  with  the  material  was  the  foreign  matter  oomtatiied  IB 
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Cbubhinq  Stonib  (4,425  Pbbch) 

Rate,    Per 
eta.     perch 

Foreman,  26  hours 20  $0.0011 

Labor,  loading,  1,550  hrs 14       .0492 

Labor,  feeding,  1,866  hrs 16        .0632 

Carts,  1,8  lOH  hrs 24        .0982 

Power  and  engineer,  540>^  hours 40        .0488 

Coal,  31M  tons $2.86       .0169 

Total $0.2773 

Excavation  (4,150  Cu.  Yds.:  6,206  Sq.  Yds.  and  Sidewalk  and  Slopbs) 

Rate, 
cts.       Cu.  yd.    Sq.  yd. 

Foreman,  610  hours 17  $0.0249  $0.0167 

Labor,  5,492  hours 14  .  1852  .  1239 

Teams,  84  hours 35  .0070  .0047 

Carts,  1,692  hours 24  .0978  .0654 

Roller  engr.,  72  hours 20  .0034  .0023 

Dynamite,  98  lbs 14  .0033  .0022 

Coal,  4,000  lbs 2  .0019  .0013 

Total $0.3239  $0.2166 

SUB-GRADINO    (TRIMMING,    6,206    Sq.    YdS.) 

Per 

Rate,  cts.        sq.  ya. 

Foreman,  619  hours 17  $0.0169 

Labor,  3,039M  hours 14  .0685 

Teams.  50  hours 36  and  40  .0081 

Carts,  476M  hours 24  .0183 

Roller  engr.,  81  hours 25  .0032 

Coal,  3,000  lbs $4. 50  .0018 

Total $0.1113 

Macadam   (8  in.  Resurfacing  on  Old  Macadam,  Unbollbd  on  Subfacs, 

3,529  Sq.  Yds.) 

Rate,  Per 

^  cts.  sq.  yd. 

Labor,  477  hours 14*  $0.0192 

Carts,  505  hours 24  .0343 

Roller  engr..  205  hours 26  .0145 

Coal,  8,000  lbs .0086 

Stone,  998  perch 59.2  .1715 

Total $0.94M 

*  14  and  15  cts. 

Rate,  Per 

eta.  sq.  yd» 

Telford  stone,  1,471  porch 81 .46  $0.0755 

Foreman  laying,  490  hrs 26  .0200 

Labor  laying.  870  hrs 15  .0212 

Team  hauling,  440  hrs 86  .0252 

Rolling  Telford,  40  hrs 26  .0016 

Coal.  2.000  lbs..  ..  » 02  .0006 

Macadam  stone,  932  perch 69. 18  .0900 

Team  hauling.  330  hrs 85.  .0188 

Spreading.  365  hrs 25  .0148 

Rolling,  190  hrs ^  .OOTO 

Coal.  12,000  lbs. . 02  .0088 

Profit •  •  1808 

Total ...•       $0.4800 
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The  organization  at  the  plant  Is  as  follows: 

1  Foreman. 
1  Engineer. 

1  Fireman  and  1  blacksmith. 

2  Men  at  scales  weighing  materials. 

2  Men  feeding  stone  to  elevator  to  drier. 

2  Men  feeding  sand  to  elevator  to  drier. 

2  Men  shoveling  stone  from  car. 

2  Men  shoveling  sand  from  car. 

2  Men  stripping  barrels,  etc. 

1  Man  with  horse,  conveying  sand  from  pile  to  elevator. 

1  Man  with  horse,  conveying  stone  from  car  to  elevator. 

On  a  good  day's  work  (8  hours)  the  following  quantities  of  material  were 

used:  16  tons  of  asphalt,  132  tons  of  stone,  47  tons  of  sand,  11  tons  of  dust  or 

filler,  making  a  total  of  206  tons  of  mixture. 

The  materials  were  mixed  in  a  batch  as  follows: 

Weight,  lb.     Per  cent 

Stone  (H-in.) 626  64. 10 

Sand 225  23.07 

Dust  (filler) 60  6. 18' 

Asphalt  cement 76  7. 70 

100.00 

These  weights,  of  course,  were  modified  from  time  to  time,  in  order  to  take 
care  of  the  variations  in  the  materials  as  delivered.  Special  care  was  exercised 
to  see  that  there  was  always  a  high  percentage  of  filler  and  that  the  mix  carried 
all  the  asphalt  cement  possible  without  being  sloppy. 

When  the  quantity  of  asphalt  cement  in  the  mixture  exceeded  7^  per  cent 
of  the  total  weight  there  was  trouble  in  some  places  with  waving  and  ridges  In 
the  pavement,  also  with  more  or  less  bleeding.  On  the  other  hand,  if  the 
percentage  fell  below  7,  the  pavement  had  a  tendency  to  crack. 

The  hot  mixture  was  hauled  from  a  portable  plant,  which  was  located  at  a 
railway  station,  to  the  road  in  the  usual  asphalt  spreading  wagons,  dumped 
on  the  foundation  at  a  temperature  varying  from  250**  to  350**  F.  and  conveyed 
to  its  final  resting  place  by  means  of  shovels.  In  shoveling  the  hot  mixture 
into  place,  the  material  was  shoveled  from  the  bottom  of  the  pile,  thereby 
preventing  the  lower  layer  of  the  pile  from  becoming  chilled.  When  the  lower 
part  of  the  pile  becomes  chilled,  an  uneven  distribution  and  compression  re- 
sults. On  a  number  of  loads,  especially  on  a  long  haul  the  larger  particles  of 
the  mixture  settled  to  the  bottom  of  the  load;  when  this  occurred,  the  mixture 
on  being  dumped  was  remixed  by  turning  over  with  hot  shovels.  The  mix- 
ture, after  having  been  deposited  roughly  in  place  by  shovels,  was  spread  by 
means  of  hot  iron  rakes  to  a  depth  of  2 ^  in.,  thus  allowing  for  an  ultimate 
compression  of  2  in.  During  this  operation  the  rakers  did  not  stand  on  the 
hot  mixture  any  more  than  was  necessary.  Care  was  taken  that  all  lumpe 
were  broken  and  a  uniform  consistency  and  even  grade  maintained,  bo  as  not 
to  have  depressions  in  the  finished  pavement.  Raking  is  a  most  important 
factor  in  the  construction  of  an  asphaltic  concrete  pavement.  With  a  hot 
mixture,  300°  F.  or  more,  4  to  6  minutes  were  necessary  for  raking,  but  with  a 
cold  or  stiff  mixture  10  to  20  minutes  were  sometimes  required.  Cold  or 
extra  stiff  mixtures  should  be  avoided  as  insufficient  compression  and  Inoon- 
slBtency  results. 

The  largest  number  of  loads  dumped  in  one  day  was  65  (228  tons),  ooverinf 
an  area  of  1,800  sq.  yd.  or  a  length  of  040  lin.  ft.  This  was  on  the  diortest 
haul,  H  of  a  mile.    On  the  longest  haul,  2  miles,  36  loads  (126  tons)  wvM 
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SuBFACB,  3  In.,  of  3-In.  and  2-In.  Stone  (1,170  Sq.  Yd.) 

Unit  Amount 

Stone 164  tons 

Hauling 65  hr. 

Spreading 116  hr* 

RoUing 11  hr. 

Coal 1 ,291  lb. 

Oil....... >^gal. 

Supervision 

Insurance 

Dep.  machinery 

Total $0.1763 

*  30  hours  at  21  cts.;  86  hours  at  18  cts. 

Asphalt 

Unit  Amount  Rate  Per  sq.  yd. 

Asphalt 2,381  gal.  $0.08H  $0. 1729 

HauUng 37  hr.f  .0078 

Applying 128  hr.t  .0204 

Wood 3  cords          4.00  .0108 

Oil  and  waste  § .0019 

Supervision .  0029 

Insurance .  0005 

Dep.  machinery .0026 

Total $0.2188 

t  6  hours  at  50  cts.;  31  hours  at  18  cts.     t  28  hours  at  21  cts.;  100  hours  at  18 
cts.  §  12  gal.  oil  at  12  ots.;  5  lb.  waste  at  15  cts. 

Stone,  1  In.  and  fi  In. 
Unit  Amount  Rate  Per  oq.  yd. 

Stone 15  tons  $0.75  $0.0096 

Hauling 13  hr.  .50  .0066 

Spreading 17  hr.*               .0027 

Screening 23  hr.  .18  .0036 

Rolling 4  hr.  .26  .0009 

Coal  and  oilt 468  hr.                 .0009 

Supervision ......  .  0080 

Insurance .....  .0002 

Dep.  machinery .0034 

Total $0.0208 

*  4  hours  at  21  ct.;  13  hours  at  18  cts.     t  Oil,  K  gal. 

Stone,  >^  In. 

Unit  Amount  Rate  Pet  sq.  yd. 

Stone 6  tons  $0.75  $0.0038 

Hauling 7  hr.  .50  .0030 

Spreading 11  hr*                .0018 

Screening 11  hr.  .18  .0017 

RoUing 4  hr.  .25  .0009 

Coal  and  eilt 468  1b.                  .0009 

Supervision .  0030 

Insurance .0001 

Dep.  machinery .0034 

Total $0  0186 

*  2  hours  at  21  cts.;  9  hours  at  18  cts.     t  Oil,  H  gal* 

Miscellaneous    . 

Unit  Amount  Rate  Per  sq.  3rd. 

Teams 21  hr.  $0.50  $0.0089 

Labor 49  hr.*  .0079 

Blacksmith,  repairs,  etc .0013 

Total $0.0181 

*  14  hours  at  21  cts.;  35  hours  at  18  cts. 
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When  the  old  surface  was  broken  up  the  stone  was  often  covered  with  moisture 
and  the  asphalt  could  be  peeled  from  the  stone.  This  presence  of  moisture 
may  be  partially  accounted  for  in  that  the  general  drainage  of  the  road  was 
poor,  yet  it  is  probable  that  the  foundation  had  not  been  in  a  dry  condition 
since  the  pavement  was  laid.  When  the  road  was  resurfaced,  the  foundation 
was  allowed  to  dry  out  and  the  general  drainage  was  also  taken  care  of. 

Mixing  and  Placing. — The  equipment  for  mixing  and  placing  consisted  of 
2H-CU.  yd.  hot  mixers,  1  500-gal.  heating  kettle,  1  5-ton  roller,  carts,  small 
tools,  etc. 

The  old  surface  picked  into  small  chunks  was  delivered  to  the  mixers  in 
wheelbarrows.  An  average  batch  consisted  of  sufficient  material  to  lay  8H 
sq.  yds.  of  2H  in.  surface,  and  contained  728  lbs.  of  old  top,  252  lbs.  of  new 
stone  and  15.92  lbs.  of  new  asphalt. 

The  old  top  was  charged  into  the  mixer  with  skbout  25  per  cent,  of  H  to  ^ 
in.  stone  added  and  about  0.45  gals,  per  square  yard,  or  about  1.6  gals,  per 
batch,  of  new  asphalt.  Mixing  was  usually  continued  8  ni^ins.  at  the  end  of 
which  time  the  temperature  of  the  material  would  average  about  240**  F. 
TwQ  high-wheeled  carts  were  used  to  convey  each  batch  to  the  point  where  it 
was  to  be  laid. 

The  base,  after  removing  the  surface  material,  was  foimd  to  be  very  rough 
due  to  the  original  poor  grading,  and  to  the  varying  depths  of  penetration  of 
the  asphalt.  All  depressions  in  the  bottom  layer  were  filled  with  fi  in.  stone, 
after  which  it  was  thoroughly  compacted  by  rolling. 

After  the  bituminous  macadam  had  been  laid  and  rolled  to  a  thickness  of 
2H  ins.,  a  squeegee  coat  of  asphalt  was  applied  at  the  rate  of  about  1  gal.  per 
square  yard.  A^iia.  layer  of  stone  chips  free  from  dust,  was  then  put  on  and 
rolled  in.  It  was  believed  that,>^  gal.  of  asphalt  per  square  yard  would  be 
sufficient  for  the  squeegee,  but  due  to  the  large  size  stone  In  the  old  surface 
material,  it  was  necessary  to  double  this  quantity. 

Each  day  a  sample  of  the  surfacing  laid  was  analyzed  by  the  chemist  and 
from  the  results  of  his  analysis,  together  with  the  appearance  of  the  old 
material,  the  mix  was  determined.  Almost  constant  attention  had  to  be  given 
the  mix  on  account  of  the  varying  composition  of  the  materials.  An  attempt 
was  made  to  keep  the  per  cent  of  bitumen  between  5  and  6,  but  It  was  low  at 
times  due  to  the  large  stones  in  the  sample  tested. 

The  road  was  closed  to  traffic  July  13,  1914  and  opened  to  trafBc  August  12, 
1914,  about  an  hour  after  completion.  Thirty-eight  men  were  required  84 
working  day.s  to  tear  up,  remix  and  relay  9,055  sq.  yds.  In  a  10-hour  day  a 
maximum  of  510  sq.  yds.  was  laid. 

Coat  and  Personnel. — Table  XIV  gives  an  itemized  statement  of  the  costs  per 
square  yard  of  pavement  laid.  These  figures  were  compiled  from  the  daily 
expenses  as  gathered  by  the  state  inspector  and  are  very  close  to  the  exact  cost. 
The  contract  price  for  laying  the  bituminous  pavement  was  73  cts.  per  square 
yard,  $500  being  allowed  for  the  extra  asphalt  used  for  squeegee. 

The  prevailing  rate  of  wagers  was  $2.25  a  10-hr.  day  for  ordinary  labor; 
$2.50  and  $3.00  being  paid  enginemen,  firemen  and  rollermen,  and  94.00  for 
raker.     The  teams  cost  $5.00  per  day 

The  estimate  for  foreman  is  based  on  30  days  at  $10.00.  The  contraetMS 
had  two  foremen  on  the  work  at  all  times,  both  being  members  of  the  contract- 
ing firm. 

The  equipment  cost  cannot  be  stated  in  exact  figures,  since  it  was  owned  bf 
the  contractor,  but  the 'figures  given  represent  an  average  rental  price. 
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• 

Comparative  Cost  of  Mixing  Bituminous  Road  Materials  by  Machine  and 
by  Hand. — In  an  article  in  Engineering  and  Contracting,  Feb.  26,  1913, 
Herbert  C.  Poore  gives  the  following  costs: 

Mixing  woric  previous  to  the  1912  season  has  generally  been  dime  by  hand 
on  wooden  platforms  with  hot  shovels.  During  1912,  however,  18  mechanical 
batch  mixers  were  used.  These  mixers  are  portable  and  are  either  set  up  in 
connection  with  the  crushing  plant  or  else  moved  along  the  road  as  the  work 
advances.  To  handle  the  stone  economically  the  crusher  bins  at  a  stationary 
plant  discharge  directly  to  both  wagons  and  to  the  mixer  hopper  by  gravity 
and  the  mixer  discharges  the  coated  stone  to  the  wagon  by  dropping  from  a 
spout. 

The  apparatus  most  generally  used  is  one  manufactured  by  the  Municipal 
Engineering  &  Contracting  Co.  of  Chicago,  known  as  the  Chicago  Improved 
Cube  Mixer.  When  provided  with  the  Austin  oil  torch  heating  attachment 
the  stone  may  be  dried  for  use  in  bituminous  road  construction.  The  machine 
consists  of  an  iron  cube,  revolving  on  its  diagonal  axis  and  gear  driven  from  a 
steam  engine  mounted  on  the  same  portable  frame.  A  small  belt-driven  air 
compressor  furnishes  the  necessary  pressure  for  operating  the  crude  oil  torch. 
The  two  ingredients  are  mixed  in  the  cube  chamber  by  kneading  and  folding 
rather  than  by  stirring  and  the  action  is  rapid  and  complete.  . 

The  broken  stone  is  first  dumped  or  shoveled  into  the  measuring  hopper 
which  is  then  raised  on  an  inclined  slide  by  a  small  cable  hoist.  After  deposit- 
ing the  charge  in  the  mixing  chamber  the  stone  is  turned  for  several  minutes 
under  the  oil  torch  blast  before  the  hot  Tarvia  is  poured  in.  To  discharge  the 
mixture,  the  engineer  operates  a  single  lever  which  tips  the  revidving  cube  and 
allows  the  material  to  drop  by  gravity  to  the  wagon  or  wheelbarrow. 

The  mixers,  generally  of  H  yd.  capacity,  in  unit  with  the  stone  crusher,  run 
three  batches  in  10  to  15  mins.  with  four  men;  namely,  an  engineer,  a  tar  man, 
a  loading  man  and  a  helper.  A  wagon  of  IH  cu.  yd.  capacity  waits  for  the 
three  batches  to  be  mixed  and  then  hauls  them  to  the  road,  unually  notjnore 
than  a  mile  distant  from  the  plant. 

When  the  mixing  machine  is  used  on  the  road,  the  stone  is  dumped  ca.  a 
board  platform  at  the  Tiiixer,  placed  some  200  ft.  ahead  of  the  point  where  the 
tar  macadam  is  being  laid,  and  moved  as  the  work  progresses.  The  loading 
skip  of  the  mixer  is  filled  by  hand  and  the  mixed  macadam  wheeled  in  barrows 
to  the  road.  Portable  kettles  holding  100  or  200  gals,  are  in  use  at  both  the 
stationary  and  portable  plants.  The  Tarvia  is  shipped  in  steam  coiled  tank 
cars,  nm  off  into  barrels,  and  conveyed  to  the  road  in  the  barrels  to  be  used  as 
required.  Contractors  are  asked  for  bids  on  both  water-bound  macadam  and 
tar  macadam.  The  latter  price  is  always  stated  in  a  square  yxd  prtoe  over 
and  above  the  cost  of  water-bound  macadam.  For  example,  on  a  6,300  sq. 
yd.  job  a  iirice  was  give  of  $3.25  per  cubic  yard  of  stone  in  place  with  18  cts. 
per  square  yanl  for  bituminous  work.  On  this  6-in.  road,  1.18  gaUs.  of  Tarvia 
were  used  in  the  top  2  ins.  of  hand-mixed  macadam,  making  a  total  coet  of 
$0935  per  square  yanl  of  finished  road.  The  contract  prices  average  about 
$7,600  per  mile  for  a  14-ft.  road,  or  approximately  $0.92  per  square  yard  exdu- 
Bive  of  binder.     The  following  are  the  contract  prices  on  several  roads: 

Coventry,  R.  I.,  length  road  3.16  miles;  contract  price,  indudfai|f  Under, 
$1.01  per  square  yard;  Warwick,  R.  I.,  length  road  4.00  miles;  contract  prk», 
including  binder,  $0.98  per  square  yard.  Foster,  R.  I.,  length  road  4.88  mOes; 
contract  price,  including  binder,  $0.87  per  square  yard.  These  sectlooa  were 
mixed  by  machine  and  the  work  progressed  from  150  to  400  fL  per  day. 
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.tisfactory  repairs  are  Impossible  on  this  cushion, 
he  thick  cushion  ha.i  become  wavy  and  uneven  under  trafBc. 
of  these  roadways  have  been  teconstmcted  by  removing  2  Ina.  o(  the 
-se  and  replacing  with  a  2-ln.  a.'iphalt  bound  wearing  surface  applied 
)enetration  method.     Thitt  has  proved  a  satisfactory  solution  tor  the 
ment  oJ  ttie  old  oiled  macadam  pavements. 

MdAod.— 8,300  sq.  yds.  of  macadam  were  put  down  on  QllUuun  Rottd 
nd  with  asphalt,  the  asphalt  being  applied  by  the  penetntlail  method. 
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Most  of  the  asphalt  was  received  In  car  lots  on  a  railroad  siding  near  by  and 
was  hauled  by  wagon  to  a  large  asphalt  agitator  tank.  It  was  loaded  into 
this  tank  with  a  hand  derrick,  after  as  many  of  the  hoops  and  staves  as  possi- 
ble had  been  removed,  the  remaining  pieces  of  the  barrel  being  taken  from 
the  tank  when  the  asphalt  was  melted. 

The  Uquid  asphalt  at  about  350°  F.  was  then  pumped  into  a  small  portable 
kettle  of  about  300  gals,  capacity,  which  was  supplied  with  a  fire  box  to  keep 
the  asphalt  at  the  proi>er  temperature  for  pouring,  and  in  this  kettle  was 
hauled  by  team  to  a  convenient  location  for  distribution.  Here  it  was  loaded 
into  small  hand  kettles  and  carried  to  the  man  who  poured  it  upon  the  pre- 
pared rock  surface. 

It  was  necessary  to  have  an  engineer  at  $3.00  per  day  on  the  agitator  tank 
to  fire  and  operate  the  piunp.  Only  one  portable  kettle  was  used  and  soon 
time  was  lost  by  the  pouring  gang  each  time  it  was  taken  away  to  be  filled. 
This  has  been  made  note  of  in  Table  I,  which  is  the  complete  cogt  report  on 
labor  and  materials  for  applying  two  coats  of  asphalt  on  8,300  sq.  yds.  of 
pavement. 

Several  t3rpes  of  small  hand  kettles  were  tried,  but  one  which  gave  the  best 
results  holds  5  gals,  and  was  made  specially  for  this  work.  The  liquid  asphalt 
is  spread  from  this  kettle  with  a  long  swinging  motion  of  the  arm  from  right  to 
left.  The  asphalt  used  was  Texaco  96  Paving  Cement,  which  weighs  8.25 
lbs.  per  gallon  and  costs  $21.30  per  ton,  f.  o.  b.  Kansas  City.  It  was  delivered 
in  ordinary  wooden  barrels  and  was  very  hard  to  strip  when  the  weather  was 
warm. 


Tablk  XV. — Cost  of  Labor  and  Materials — Appltinq  Asphalt  on  Macadam 

Bt  Penetration  Method 


-First  coat- 


8,300  Square  yards 

Foreman,  31.2  cts.  per  hour 

Stripping  barrels  and  loading  into  big 

kettle 

Firing  large  kettle  and  loading  small 

kettle 

Transporting  small  kettles 

Lost  time  of  gang.^ 

Loading  and  carrying  hand  kettles 

Pouring;  asphalt. 

Spreadmg  and  wheeling  Joplin  flint. . . . 

Roller,  50  cts.  per  hour 

Joplin  flint  from  car  to  work 

Asphalt  from  car  to  work 

Brooming  Joplin  flint  from  first  coat. . . 
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56 
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97 
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47 
98 
87 
51 
54 
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Total  labor 

Asphalt gals.  12,732' 

Joplin  flint cu.    yds.  57' 

Total  matorials 

Total  labor  and  materials 


Cost  per 
sq.  yd. 

$0.00210 
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.6029$ 
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»  1.534  gal.  per  sq.  yd.     '  .516  gals,  per  sq.  yd.     '  18,6  lbs  per  sq.  yd. 
lbs.  per  sq.  yd. 
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The  first  coat  of  asphalt  was  covered  with  a  layer  atyiot^ia,  JopUn  fflnt, 
a  very  hard  stone  which  is  found  in  the  lead  and  zinc  mines  at  Joplin,  Mo.  It 
costs  $.048  per  100  lbs.,  f .  o.  b.  Kansas  City,  or  $1.30  per  oubio  yizd.  A  eoMo 
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Tbe  kettlea  were  placed  side  by  aide  with  apace  enough  between  toi  ' 
TO.  the  top  of  which  was  about  level  with  the  lop  of  the  kettles.  A 
Ine  plane  was  attached  to  the  platform  so  that  it  could  be  readily 
.  The  barrels  were  stripped  from  the  asphalt,  which  was  rolled  up 
!  to  the  platform  where  It  was  cut  up  and  dropped  into  the  kettles, 
.le  waa  loaded  while  the  liquid  asphalt  was  taken  from  the  other. 
elting  plant,  as  above  described,  could  be  quickly  moved  m  the  wo* 
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progressed,  so  that  when  the  distance  between  the  kettles  and  the  point  of 
pouring  became  more  than  150  ft.,  it  was  moved. 

The  advantages  of  this  asphaltic  macadam  pavement  are: 

1.  It  does  not  disintegrate  under  impact  or  suction. 

2.  It  is  not  slippery. 

3.  It  is  entirely  waterproof. 

4.  Its  wearing  properties  are  excellent. 

5.  Its  surface  can  be  readily  renewed  by  another  squeegee  coat. 

6.  It  is  easily  cleaned. 

7.  Cuts  can  be  quickly  and  neatly  repaired. 

8.  The  disagreeable  feature  of  oiling  two  or  more  times  a  year  is  eliminated. 

9.  The  maintenance  cost  is  low. 

The  results  obtained  on  this  roadway  have  been  very  satisfactory  and  after 
six  to  nine  months  under  heavy  traffic  it  affords  a  smooth,  resilient,  waterproof 
and  dustless  pavement,  which  shows  very  little  wear.  It  is  now  proposed  to 
gradually  change  the  entire  boulevard  system  of  Kansas  City  from  a  water 
bound  macadam  maintained  with  road  oil  to  an  a^haltic  macadam  by  sur- 
facing with  a  2-in.  asphalt  wearing  surface. 

Cost  of  Tarvia-Macadam  at  Fredericton,  N.  B.-*-The  following  data, 
published  in  Engineering  and  Contracting,  March  15,  1911,  were  given  by 
J.  L.  Feeney. 

During  the  past  season  two  blocks  of  tarvia-maeadam  were  laid  by  the  city 
of  Fredericton,  N.  B.,  the  total  amount  being  5,582  sq.  yds. 

The  broken  stone  used  in  the  work  was  nearly  all  1^  to  2-in.  trap  rock, 
though  a  small  amount  of  sandstone  was  of  necessity  used.  The  stone  was 
purchased  from  the  city  roads  and  streets  department  at  a  cost  of  $1.30  per 
ton  for  crushed  trap  rock  and  $1 .00  per  ton  for  sandstone. 

The  binder  material,  Tarvia  X,  was  applied  hot,  the  penetration  method 
being  used.  Two  applications  of  the  binder  were  used  on  the  wearing?  course 
and  also  on  the  top  dressing.  The  amount  of  Tarvia  used  per  sq.  yd.  of  suifaoe 
was  3.07  U.  S.  gals.  Of  this  amount,  2.4  gals,  were  used  on  the  wearing 
course  and  .67  gal.  on  the  top  dressing.  The  Tarvia  cost  $5.25  per  caak  of 
48  U.  S.  gals.,  delivered  in  Fredericton.  The  total  amount  of  Tarvia  pur- 
chased was  378  casks.  Of  this  amount,  357  casks  were  used  in  oonstructlng 
the  two  blocks  of  pavement,  leaving  21  casks  in  stock.  Of  the  empty  caaks, 
345  were  returned  to  the  company,  this  netting  the  city  $94.15.  Thus  the 
total  net  cost  of  the  Tarvia  used  in  this  work  will  be  seen  to  be  $1,780.10,  or 
about  10.4  cts.  per  U.  S.  gal. 

Sand  was  spread  on  the  finished  surface  of  the  pavement,  the  amount  uaed 
per  100  sq.  yds.  of  surface  being  1.55  cu.  yds.  The  total  amoimt  of  sand  used 
was  45  loads.     The  cost  of  the  .sand  was  $  1 .25  per  load. 

The  following  tabulation  shows  the  co.st  of  material  and  labor  for  construct- 
ing the  macadum,  tliis  work  including  a  small  amount  of  grading: 

Per 
sq.  yd.. 

1,003  tons  orushpd  tnip  rork  at  $1.30 $0,872 

130  tons  sundstono  at  $1.00 028 

Labor 088 

Teaming 074 

Rolling 081 

Engineoring  and  Hupt'rint<'ndence OM 

Sundries .008 

Totals  (5,582  sq.  yds.) $0,685 

The  following  is  the  average  organization  of  the  gang  engaged  In  grading 
and  constructing  the  macadam  proper: 
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keeper,  1  material  man,  25  laborers,  1  assistant  chemist,  and  2  watchmen. 
The  total  cost  of  labor  employed  at  the  mixer  averages  $90  a  day. 

To  facilitate  the  quick  delivery  of  material  at  the  plant  a  car  tracer  is 
employed  who  locates  and  keeps  the  cars  in  transit.  This  tracer  uses  a 
motorcycle  and  usually  covers  a  distance  of  75  miles  each  day. 

Mixture. — The  mixture  used  averages  approximately  as  follows: 

Item  Percentage 

Bitumen 6.6 

Sand 87.2 

Stone 52.8 

nUer 4.0 

Total 100. 0 

The  stone  aggregate  consists  of  clean  crushed  Wisconsin  granite  ranging 
from  K  to  lln.  in  diameter  which  cost  delivered  $2.25  per  cubic  yard.  Tor- 
pedo sand  i9  used.  Portland  cement  serving  as  filler  to  make  up  the  defi- 
ciency in  fine  material.  The  Mexican  liquid  asphalt  used  for  binder  (penetra- 
tion 60  to  70)  is  delivered  in  tank  cars. 

Hauling. — Ordinarily  about  18  teams  are  employed  in  hauling.  Recently* 
however,  5  ton  Pierce-Arrow  motor  trucks  have  been  used  to  advantage. 
Material  hauled  in  motor  trucks  is  handled  more  quickly  and  arrives  at  the 
point  where  it  is  to  be  laid  in  better  condition  than  when  hauled  by  teams. 
The  newly  laid  road  is,  however,  subjected  to  excessive  loads  due  to  their  use, 
all  materials  being,  as  far  as  possible,  hauled  over  the  completed  surface. 

Laying  Surfacing. — Surfacing  material  is  delivered  hot  In  tarpaulin  covered 
wagons,  or  motor  trucks,  and  dumped  directly  into  the  prepared  base.  The 
material  is  raked,  smoothed  and  tamped,  to  a  uniform  surface  2  ins.  thick  and 
finished  by  rolling  with  a  6-ton  tandem  roller.  No  paint,  or  finish  coat  of 
bitumen  is  applied,  a  slight  roughness  of  surface  being  desired. 

Force  Employed. — The  day  labor  force  employed  in  preparing  the  old 
surface  and  lajring  the  asphaltic  concrete  is  ordinarily  organized  as  follofws: 
1  asphalt  foreman,  2  rakers,  2  smoothers,  2  tampers,  15  helpers,  2  watchmen, 
and  2  roller  engineers.  By  far  the  larger  part  of  the  work  consists  of  laying 
the  surfacing. 

Output  and  Cost. — As  a  rule,  in  excess  of  2,000  sq.  yds.  of  2-in.  suifitcing,  or 
about  1,000  lin.  ft.  of  roadway  18  ft.  wide,  has  been  covered  each  wnriring 
day  of  9  hours.  The  average  cost  of  all  work  completed,  including  the  prepa- 
ration of  the  old  roadway  and  laying  the  2-in.  asphaltic  concrete  suifftoe, 
has  been  approximately  70  cts.  per  square  y^rd . 

Suggestions  for  Selection  and  Use  of  Bituminous  Paving  Bqaipment. — 
The  following  matter  Is  taken  from  a  paper  by  W.  S.  Godwin  and  published 
in  the  Proceedings  A.  S.  C.  E.,  Vol.  XXXIX,  and  reprinted  in  Engineering 
and  Contracting,  Dec.  31,  1913. 

Hot  Surfacing  and  Penetration  Methods. — If  pressure  distributors  ue 
equipped  with  interior  steam  coils,  and  sufficient  steam  is  supplied  to  keep  Che 
bituminous  material  at  a  uniform  temperature  of  about  280**  F.,  they  are 
capable  of  distributing  the  heavier  grades  for  either  the  hot  surfacing  or  the 
penetration  methods  of  construction. 

The  equipment  generally  used  in  the  penetration  method  has  been  portable 
or  semi-portable  melting  kettles,  having  capacities  ranging  from  80  to  800 
gals.,  and  hand-distributing  pots.  This  method  of  heating  and  applyfog  is 
expensive  and  the  results  obtained  are  invariably  crude.  The  bitumiiioiui 
material  is  often  too  cold,  and,  in  some  cases,  is  overiieated  and  dunated. 
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square  yards.  As  all  dense  bituminous  mixtures,  when  compressed  to  2  ins. 
weigh  very  nearly  200  lbs.  per  sq.  yd.,  this  portion  of  the  guaranty  can  easily 
be  changed  from  square  yards  to  something  which  is  definite  and  easily  ascer- 
tained. The  contract  should  also  state  the  maximum  quantity  of  fuel  to  be 
consumed  in  24  hours,  and  last,  but  not  least,  the  date  when  the  finished  plant 
will  be  completed,  erected,  tested,  and  ready  to  run  to  the  guaranteed  capacity. 

Cost  of  Asphalt  Block  Pavement  Laid  on  Sand  and  Loam  Base. — ^Engi- 
neering and  Contracting,  Feb.  6,  1918,  publishes  the  following  data: 

Asphalt  block  pavements  laid  at  Savannah,  Ga.,  on  a  natural  base  have 
proved  remarkably  successful.  The  earliest  pavement  of  this  type  was  put 
down  on  Gaston  street  in  1906  and  is  now  in  excellent  condition.  On  seyeral 
streets  where  this  pavement  has  been  laid  there  has  been  no  maintenance  cost. 

The  success  at  Savannah  is  attributed  largely  to  the  character  of  the  soU 
upon  which  the  block  is  placed.  This  foundation  consists  of  sand  intermixed 
with  a  small  amount  of  loam.  Where  clay  has  been  encountered  there  have 
been  some  failures,  due  to  moisture  getting  under  the  blocks  and  allowing  a 
rocking  motion.  With  the  sand  loam  streets  excellent  drainage  is  a£Forded, 
which  is  absolutely  necessary  for  the  success  of  asphalt  block  pavement  laid 
on  the  natural  base.  It  is  stated  that  success  is  not  attained  if  the  block  Is 
placed  upon  pure  sand,  for  there  is  a  creeping  movement  and  the  blocks  are 
not  held  firmly  in  place. 

The  method  employed  in  Savannah  in  laying  the  asphalt  block  pavement  is 
as  follows: 

The  street  upon  which  the  block  is  to  be  laid  is  graded  to  approximately  the 
established  sub-base  grade,  curbing  and  catch  basins  are  installed  and  then, 
the  street  is  thoroughly  puddled  and  then  rolled  over  and  over  with  a  10-ton 
roller.  If  any  portion  settles  below  the  sub-grade  base,  material  is  added  and 
this  is  compacted  firmly  by  rolling  and  puddling.  Grade  pegs  are  then 
instnimentally  set  and  the  surface  is  carefully  screeded  or  shaped  to  the  sub- 
base  grade  with  templates,  care  being  taken  that  no  foreign  material  is  left 
upon  the  surface  of  the  base.  After  this  the  blocks  are  carefully  laid,  one 
man  following  the  pavers  driving  the  blocks  on  the  edge  so  as  to  have  as  tight 
joints  as  practicable.  Then  the  surface  of  the  block  is  rolled  with  the  lO-ton 
roller.  River  sand  is  then  used  for  filling  the  joints,  and  is  left  on  the  suif aoe 
for  10  days  to  two  weeks  before  it  is  cleaned  off. 

The  average  cost  per  sq.  yd.  of  asphalt  block  pavement  laid  in  1916  was  aa 
follows: 

Labor:  Per  sq.  yd. 

Watchman $0,010 

Grading .080 

Shaping  base .  010 

Rolling  foundation .010 

Laying  block .113 

Paving  backs  at  street  intersections .002 

Placing  sand  and  filler .  002 

Cleaning  up .  008 

Total 80.284 

Material : 

Asphalt  block 81.540 

Sand .005 

Use  of  equipment .  030 

Small  tools,  coal,  etc .  001 

Total 81.576 

Grand  total,  per  sq.  yd 1.81 
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ToVLey  putting  the  subgrade  in  condition  for  concrete.  It  will,  also  be  noted 
that  the  cost  of  this  finished  grading  on  work  done  by  the  steam  shovel  is 
one-third  less  than  on  the  streets  excavated  by  hand. 

These  costs  show  that  had  all  the  excavation  been  done  by  steam  shovel  a 
saving  in  cents  of  17.3  times  34,464.5  would  have  been  made,  which  amounts  to 
$5,962.36.  Thus,  if  a  new  machine  had  been  bought,  its  cost  would  have  been 
saved  in  a  single  season. 

Cost  of  Curb  Work. — With  the  exception  of  six  streets  on  which  brick  pave- 
ment and  stone  curbing  were  used,  and  two  others  having  straight  concrete 
curbs,  a  combined  curb  and  gutter  was  used.  Two  gangs  of  fifteen  men  each 
were  working  on  this  feature  of  the  paving  almost  all  season.  By  having  a 
finisher  on  either  side  of  the  street  the  graders  could  follow  the  curb  gangs  very 
closely.  An  average  of  400  ft.  per  day  was  placed.  The  unit  cost  of  labor  and 
material  for  this  work  is  as  shown  in  Table  XIX. 

Table  XIX. — Cost  or  Combined  Curb  and  Gutter 

Total  lin.  ft.  curb  and  gutter :  47,967 

Total  number  of  wagon  loads  (1^  cu.  yd.)  gravel 2,871 

Average  cost  gravel  per  load  at  pit $0. 93 

Average  cost  of  delivery  on  job  per  load 0. 93 

Average  length  in  ft.  built  per  load  of  gravel 20 

Average  cost  of  gravel  per  ft $0 .  0924 

Average  length  in  ft.  of  curb  and  gutter  per  bbl.  of  cement 10. 7 

Average  cost  of  cement  per  ft JO.  1206 

Average  cost  of  labor 0. 1300 

Reimbursement  of  equipment  fund  for  depreciation  and  repairs. .  0.0214 

Total  average  cost  of  curb  and  gutter  per  ft $0. 3644 

Coat  of  Concrete  Foundations. — A  6-in.  concrete  base  of  1:3: 6  mixture  was 

placed  on  all  the  streets.    The  gravel  was  unloaded  from  cars  and  delivered  on 

the  line  of  the  work  by  teams  and  wagons.    The  average  length  of  haul  was 

0.47  miles,  and  the  average  cost  per  ton-mile  was  39.6  cents.    It  win  be  noted 

that  for  this  length  of  haul  the  cost  falls  very  dose  to  the  ton-mileage  curve 

plotted  for  hauling  asphalt.    Table  XX  gives  the  cost  of  the  concrete  work  for 

the  year. 

Table  XX. — Cost  of  Concrete  Foundations 

Total  number  sq.  yd.  foundation 90,031 . 8 

Total  number  carloads  gravel 554. 0 

Total  weight  of  gravel,  in  tons. 26,420.0 

Average  weight  of  gravel  per  car,  in  lb 95,300.0 

Average  cost  of  gravel  on  tracks  per  car $39. 56 

Average  cost  of  unloading  cars: 

(1)  Shovelers  (hand) 4.50 

(2)  Teaming 9.00 

Total  number  wagon  loads  ClH  cu.  yd.)  gravel 10,819.0 

Average  number  wagon  loads  per  car 19. 5 

Average  weight  of  wagon  load,  in  lb 4 ,880. 0 

Average  cost  per  wagon  load  on  track $  2 .  OS 

Average  cost  per  wagon  for  delivery  on  job ,        0.60 

Cost  of  gravel  on  tracks  per  ton 0.8$ 

Average  cost  of  unloading  gravel  per  ton O.-OOl 

Average  cost  of  hauling  gravel  per  ton. 0. 182 

Amount  of  gravel  per  sq.  yd.  foundation,  in  lb 687.0 

Cost  of  gravel  per  sq.  yd.  on  track $  0.844 

Cost  of  unloading  and  deUvering  on  street  per  sq.  yd 0.08 

Total  average  cost  of  gravel  per  sq.  yd 0.8340 

Cost  of  water  per  sq.  yd 0. 0076 

Number  of  sq.  yd.  foundation  per  bbl.  cement 6.47 

Average  cost  of  cement  per  sq.  yd $  0.2860 

Amount  of  depreciation  on  equipment 0.0007 

Average  cost  of  labor  per  sq.  yd 0.0850 

Total  average  cost  of  foundation  per  sq.  yd $  0.6StS 
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Coat  of  Sheet  Aiphalt  PaTcmeat  at  Montreal,  Que. — EneineertiiK  and  Con- 
tracting. Jan,  3,  1917,  publishes  Ibe  tollowing  data. 

The  tntroduction  of  a  cost  keeping  system  and  a  canaequetit  bettei  mstlMd 
of  handling  eoiiBtniclion  has  resulted  In  a  marked  reduction  in  the  cost  of  sheet 
asphalt  pavement  In  the  dt;  or  Montreal,  Que.  In  IBU  the  total  cost  of  this 
pavement  was  t2.T0  per  square  yard.  In  1915  it  was  12.13,  a  reduction  of 
23.6  per  cent  over  the  cost  of  the  previous  year,  and  lo  1918  it  WW  11.93. 
The  pavement  consists  ol  a  6-iii.  1 : 3: 6  concrete  base,  a  I-ln.  binder  Hid  a  3^. 
wearing  surface.    The  city  has  the  following  asphalt  plants: 
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The  cost  of  material  and  the  wages  in  1915  were  as  follows: 

Bitumen — $14.25  per  ton  f.o.b.  plant. 

Sand — 75  to  98  cts.  per  ton  f.o.b.  plant. 

Stone — $1.10  to  $1.70  per  ton  f.o.b.  plant  or  works. 

Stone  dust — $5.45  per  ton  f.o.b.  plant. 

Flux — 10^^  cts.  per  imperial  sallon. 

Cement — $1.71  per  barrel  f.ojj.  plant  or  works. 

Laborers — 25  cts.  per  hour. 

Teamsters — 60  cts.  per  hour. 

As  noted  previously,  the  unit  cost  of  the  sheet  asphalt  laid  in  1916  was  $1.98 
per  square  yard.    In  further  detail  the  cost  was — 

Grading,       Foundation,       Surface,  Total, 

per  sq.  yd.,    per  sq.  yd.,    per  sq.  yd.,      per  sq.  yd., 
ct.  ct.  ct.  ct. 

Labor 32.8257  26.9681  12.8364  72.6302 

Material 6571  50.3405  60.6638         111.6614 

Sundries 3.8084  3.7504      •"1.4692  9.0280 

Total 37.2912  81.0590  74.9694         193.3196 

The  cost  of  niaterial  and  wages  for  1916  was  as  follows: 

Bitumen — $19.33  f.o.b.  plant. 

Sand — 75  cts.  to  $1.10  f.o.b.  cars  or  wharf. 

Stone — $1.00  to  $1.40  f.o.b.  plant  or  works. 

Stone  dust — $4.90  f.o.b.  plant. 

Flux — 10>4  <?t8.  f.o.b.  plant  per  imperial  gallon. 

Cement — $1.76  f.o.b.  plant  or  works  per  barrel. 

Laborers — 25  cts.  per  nour. 

Teamsters — 60  cts.  per  hour. 

Cost  of  Constructing  an  Asphalt  Surface  Drive  with  Sunken  Concrete 
Curb. — W.  T.  Colman  and  M.  H.  West  furnished  the  following  information 
and  costs  published  in  Engineering  and  Contracting,  Feb.  16,  1911. 

Among  the  numerous  improvments  and  extensions  made  in  the  drives 
of  Lincoln  Park,  Chicago,  was  the  construction  of  a  40  ft.  drive,  which 
extended  the  Sheridan  Road  pavement  for  a  distance  of  4,631  ft.  The 
design  of  the  street  is  unique  in  that  it  is  so  built  as  to  allow  the  water  to  run 
off  the  street  onto  the  lawn  at  the  side,  which  is  graded  so  as  to  form  a  hoQow 
along  each  side  of  the  road.  The  road  is  40  ft.  wide  with  a  7-in.  crown,  and 
has  2  ins.  of  asphalt  on  an  8-in.  base  of  crushed  stone.  At  the  sides  of  the 
drive  are  reinforced  concrete  curbs  5  ins.  thick,  extending  from  the  surface  of  the 
street  24  ins.  deep.  The  top  H  in.  of  the  curb  is  surfaced  with  a  grout  con- 
taining H  lb.  of  lamp  black  per  bag  of  cement,  for  the  purpose  oi  giving  the 
top  of  the  curb  the  same  appearance  as  the  asphalt  street. 

The  material  upon  which  the  road  was  built  consists  of  a  gumbo  day.  A 
stretch  of  about  300  ft.  of  this  had  to  be  taken  out  to  a  depth  of  from  8  to  6 
ft.  because  the  15-ton  roller,  used  on  the  crushed  stone  base,  could  not  produce 
a  satisfactory  surface  on  account  of  the  soft  clay.  A  15-ton  Springfield  roller 
was  used  for  the  stone  and  a  5-ton  roller  on  the  asphalt.  The  stone  was 
brought  in  barges  from  the  Artesian  Stone  Co.'s  plant  on  the  Chicago  Draina^ 
Canal  and  landed  at  the  park  docks.  At  the  docks  the  barges  were  unloaded 
with  a  clamshell  bucket  operated  by  a  derrick  and  the  material  dumped  into 
an  elevated  bin  of  about  10  cu.  yds.  capacity.  Troy  wagons  were  driven  imder 
the  bin  to  receive  their  loads.  The  road  work  paralleled  the  shore  line  of  the 
lake  at  only  a  short  distance  from  it  so  the  length  of  haul  was  not  great. 

Curb. — The  concrete  curb  was  formed  by  16  ft.  panel  forms  of  whkdi  tbeie 
were  about  500  lin.  ft.  employed.    The  curb  was  rehiforced  with  three  H-ln* 
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Crushed  Stone  Base.'-^Th.e  work  of  placing  stone  was  carried  over  from  the 
previous  year  at  which  time  some  stone  had  been  deposited  for  use  at  various 
intervals  of  time.  The  stone  was  placed  on  the  road  about  8  ins.  thick  and 
covered  an  area  of  23,160  sq.  yds.  The  costs  of  this  work,  which  follow, 
Include  the  local  rubble  stone  which  was  also  placed  in  the  work  to  help  fill  out. 

Labor  Time,  hrs.  Rate  Total 

Engineering $      220.37 

Foreman 13>^  $150.00      mo.  8.67 

Foreman 284  125.00      mo.  144.87 

Foreman 514  3.00      day  171.50 

Sub-foreman 170  2 .  40      day  61 .  15 

Sub-foreman 99H  2.25      day  27.98 

Double  teams 1,529  .66^  hr.  1,019.33 

Double  teams 2 , 331  .25      hr.  582.87 

Single  teams 249  .  12H  hr.  31.31 

Common  labor 98H  •  38K  hr.  37.94 

Common  labor 59  . 30      hr.  17.70 

Common  labor 332  2.50      day  92.58 

Common  labor 257  .25      hr.  6,314.26 

Skilled  labor 

Steam  roller  engr 928H  •  60      hr.  464.26 

Timekeeper 28  .55      hr.  66.64 

Timekeeper 27  65. 00      mo.  7.48 

Teamster 153  2.62H  day  44.77 

Teamster 2,445H  6C.0O      mo.  619.76 

Tug 28  3.85      day  107.80 

Scows 50  ds.  4.34      day  217.00 

Derrick 24  ds.  20.47  473.88 

7  stone  scows 45.00  815.00 

Tools 564.71 

Total  cost $11,600.66 

Total  labor  cost  per  sq.  yd $        0.496 

Material  Quantity  "Ptiee 

Crushed  stone  at  $1.65  per  cu.  yd 17 . 5  $      28.87 

Crushed  stone  at  $1.50  per  cu.  yd 3,453.78  6,181.68 

Crushed  stone  at  $1.40  per  cu.  yd 464.26  649.96 

Crushed  stone  at  $1.00  per  cu.  yd 167.50  167.60 

Crushed  stone  at  $0.70  per  cu.  yd 3,885  2,719.60 

Crushed  stone  at  $1.50  per  cu.  yd 71 .64  107. 56 

Total $8,866.06 

Cost  of  material  per  sq.  yd $        0.894 

UNrr  Costs  of  Crubhxd  Stons  Base 

Cortp«r 
■q.  yd. 

Engineering fO.OlO 

Foremen .030 

Skilled  labor 049 

Common  labor .284 

Transportation .089 

Miscellaneous .046 


Total  labor $0,498 

Material  per  sq.  yd .  894 

Total  cost  per  sq.  yd.  8"  deep $0,892 

The  70  ct.  stone  was  that  brought  by  barges  from  the  Drainage  Canal  and 
the  price  is  for  stone  at  the  quarry.  The  $1.00  stone  was  purchased  from  a 
material  yard  and  does  not  include  hauling.  The  other  stODB  ttema  show 
the  prices  paid  for  stone  delivered  from  various  material  yaida  at  dlfftrent 
seasons  of  the  year. 
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SUMMABT   OF   COBTB 

Labor  on  stone,  per  sq.  yd fO.498 

Labor  on  asphalt,  per  sq.  yd .  852 

Stone  for  base,  per  sq.  yd .  394 

Asphalt  material,  per  sq.  yd .  894 

Total  cost  per  sq.  yd $1 .  638 

Labor  cost  on  curb,  per  lin.  ft .64 

Material  cost  on  curb,  per  lin.  ft .21 

Total  cost  of  curb  per  lin.  ft SO.  85 

The  above  figures  are  based  upon  a  nine  hour  day. 

Plant. — ^The  plant  used  on  the  work  Is  the  property  of  the  Lincoln  Park 
System.  All  repairs  and  operations  are  charged  into  the  work  but  no  charge 
for  depreciation  is  made  against  the  work. 

The  cost  of  the  plant  is  as  follows: 

Link  Belt  Co.,  asphalt  mixer %  5, 590 

Gasoline  tractor 1 ,200 

6-ton  roller 1 ,800 

15-ton  roller ^ 1,600 

Asphalt  tanks  ana  tools 1 ,000 

Total  value  of  plant $11 .090 

Cost  of  Asphalt  Street  with  Concrete  Base  and  6otter8.«-The  following 
data,  given  in  Engineering  and  Contracting,  March  15,  1911,  refers  to  a 
half-mile  extension  of  a  street  bordering  Lincoln  Park,  Chicago.  The  work 
comprised  the  removal  of  an  old  pavement,  the  preparation  of  the  subgrade 
for  tiie  new  pavement  27  ft.  wide  with  a  6-in.  concrete  base  and  2-in.  wearing 
surface  of  asphalt  and  a  combination  concrete  curb  and  gutter. 

The  work  was  done  by  force  account  by  the  Lincoln  Park  CommissioDerB, 
of  which  M.  H.  West  was  Superintendent  and  Fred  Howitt  Engineer  of 
Parkways. 

Curb  and  OtUier. — The  concrete  curb  and  gutter  work  was  commenoed 

Sept.  29  and  completed  Dec.  1,  amounting  in  all  to  4,708  lin.  ft.     The  cost 

was  as  follows: 

Coat  per 
Labor  tin.  rt. 

Engineering 10.0196 

Foreman,  per  mo.  $75 0. 0270 

Double  teams,  per  hr.  $0.66H 0.0001 

Single  teams,  per  hr.  $0.33H 0.0000 

Common  labor,  per  hr.  $0. 25 0. 1906 

Skilled  labor,  per  hr.  $0.30 0.0925 

Timekeeper,  per  mo.  $65 0.0019 

Total  labor $0.8409 

Coat  per 

Material  Hn.  ft. 

117  cu.  yds.  gravel  at  $1.60 $0.0878 

98  ou.  yds.  torpedo  sand  at  $1.60 0.0881 

24  cu.  yds.  stone  at  $1.50 0.0076 

273  bbls.  cement  at  $1.35 0.0782 

Lumber 0.0079 

Steel 0.017t 

Lamp  black 0.0046 

Tools 0.0015 

Total  material $0.1878 
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AtphaU.'^Tbe  asphalt  used  consisted  partly  of  Sarco  brand  and  partly  of 
Pioneer  brand.  A  Link  Belt  Co.  asphalt  mixer,  which  was  purchased  by  the 
park  at  a  cost  of  $6,590,  was  used.  It  was  operated  by  belt  from  a  gasoline 
traction  engine.  A  d-ton  roller  was  used  on  the  asphalt,  giving  a  compressioQ 
of  266  lbs.  per  sq.  in.  The  asphalt  work  consisted  of  7,427  sq.  yds.  of  2-ln. 
surface.  It  was  started  on  Nov.  7  and  completed  Dec.  1,  1010.  The  costs 
were  as  follows: 

Cost  per 
Labor  sq.  yd. 

Engineerixiff SO. 000 

Foreman 0.016 

Teams 0.082 

Common  labor 0. 240 

Skilled  labor 0.048 

Timekeeper 0.008 

Total $0,843 

Coftt  per 
Materials  sq.  yd. 

Stone  at  $1.40 $0,085 

Sand  at  $1.60 O.OSO 

Sand  dug  at  site  $1.00 0.022 

Asphalt,  "Sarco,"  at  $24  ton 

Asphalt,  "Pioneer,"  at  $10.44  ton 0.301 

Lumber  for  exp.  joints 0.002 

Brooms,  4 0.001 

Coke 0.038 

Gasoline 0.008 

Engine  cnl,  waste,  etc 0.002 

Tools 0.004 

Steam  roller 0.000 

link  Belt  mixer 0.027 

Total $0,544 

A  summary  of  the  costs  of  the  road  work  is  as  follows: 

Labor  per  sq.  yd.  concrete  base $0,107    . 

Material  per  sq.  yd.  concrete  base 0. 55 

Labor  per  sq.  yd.  asphalt 0. 848 

Material  per  sq.  yd.  asphalt 0. 544 

Preparation  of  subgrade  per  sq.  yd 0.314 

Total $1,048 

Cost  of  Asphalt  Paving  Repairs  in  St  Paul,  Minn. — ^Engineering  News, 
July  0,  1914,  gives  the  following  data  from  the  report  of  the  CommJasion  cS, 
Public  Works. 

In  1912  the  city  of  St.  Paul,  Minn.,  purchased  a  municipal  aspiudt  plant  at 
a  cost  of  about  $15,000.  The  plant  consists  of  a  Warren  Bros,  portabto 
asphalt  plant,  one  8-ton  asphalt  steam  roller,  one  scarifier,  one  Luti  niiftee 
heater,  one  fire  wagon,  one  gyratory  stone  crusher,  two  portiUe  meitlof 
kettles,  six  2-cu.  yd.  steel-lined  asphalt  wagons,  four  ^-cu.  yd.  conciete 
spreaders,  one  set  of  curb  cutter's  tools,  nine  asphalt  ra&es,  testing  scalM, 
and  the  necessary  small  tools.  The  accompanying  table  gives  an  itemlBed 
cost  of  the  plant. 
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The  following  shows  cost  and  relative  data  regarding  asphalt  repairs  for  the 
year  1913. 

Total  area  of  pavements  on  which  repairs  were  made  in  sq.  yd. .  222,327 

Area  or  repairs  in  square  yards 18,783. 18 

Per  cent,  of  area  repaired 8.42 

Cost  of  repairs $  18,021.34 

Average  cost  per  square  yard  of  total  area 0.085 

Cuts  in  asphalt  pavement  made  by  the  City  Water  Department,  heating, 
lighting  and  telephone  companies,  sewer  contractors  and  others,  were  lepaixed, 
at  a  cost  of  $2340,  which  was  collected  from  the  various  companies. 

Coat  of  Operation. — The  operating  crew  at  the  plant  consisted  of  one  fore- 
man, one  engineman,  one  tank  man,  four  laborers,  and  a  night  watchman. 
Four  teams  were  employed  hauling  asphalt  from  the  plant  to  the  woik. 

The  street  crew  was  made  up  of  one  foreman,  one  timekeeper,  one  roDer 
man,  two  rakers,  two  tampers,  one  smoother  and  one  cement  man  laying  new 
pavement;  and  two  shovelers,  six  scrapers  and  two  teams  removing  and 
hauling  old  paving.    The  total  expense  was  divided  as  follows: 

Operation  of  plant,  labor $  5,880.02 

Fuel.. , 1.024.47 

Hauhng  material 1 , 550. 18 

Superintendence,  livery,  watchman,  etc 3, 164.21 

Repairs  and  supplies 1 ,658.05 

Material 26.876.50 

Street  crew  labor 8.206.66 

Hauling  material  to  street T. 5,068.40 

Engineer  and  watchman 1,801.65 

Tools,  repairs,  etc 700.05 

Total $55,628.28 

Total  labor $25, 176.66 

Total  material 30,452. 62 

55  628.28 

Charged  to  outside  parties $34, 194.23 

Charged  to  bridges 430.40 

Material  on  hand 2,512.71 

^^^^'^ 

Total  cost  to  city  of  work $18,400.86 

Cost  of  Operating  Municipal  Asphalt  Plant  of  District  of  ColoaUa.— El^ 
neering  and  Contracting,  June  6,  1917,  publishes  the  following: 

All  minor  repairs  of  asphalt  pavements  in  the  District  of  Columbia  aie  made 
from  the  output  of  a  portable  municipal  asphalt  plant.  This  plant  also  Is 
employed  in  furnishing  product  for  the  construction  of  an  asphalt  twjhmImw 
wearing  surface  on  old  macadam  streets.  The  plant,  a  Warren  Broa.'  portable 
asphalt  plant,  with  a  nominal  capacity  of  100,000  lb.  per  day  was  purobaaed 
and  installed  in  1912  at  a  cost  of  $6,900.  Since  that  date  it  has  been  opefated 
from  220  to  240  days  per  year,  with  an  average  output  of  about  80  per  oent  of 
its  capacity. 

During  the  fiscal  year  ending  June  30,  1916,  the  plant  was  opevated  286 
working  days,  with  an  average  daily  output  of  715  cu.  ft.  and  a  total  output 
of  168,684  cu.  ft.  Old  material  was  used  to  considerable  extent.  *  Oh!  aspiiatt 
topping  removed  from  the  streets  in  resurfacing  was  crushed  to  a  fiody  brakao 
product  to  which  was  added  the  new  material.  The  use  of  this  old  toppliic 
resulted  in  a  substantial  saving.    A  Noyes  crusher  was  used  for  bieaktOf  up 
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Maintenance  and  repairs: 

At  plant  (0.22  ct.  per  cu.  ft.) $       366.93 

On  street  (0. 15  ct.  per  cu.  ft.) 228 .  04 


Total  (0.37  ct.  per  cu.  ft.) %      694.87 

Capital  invested.  $6,900,  at  ZH  per  cent 8       241 .  60 

Obsolescence,  5  years,  at  20  per  cent 1 ,880.00 


Total  (1  ct.  per  cu.  ft.) 8  1 ,621 .  50 

Supervision: 

Foremen  and  overseers  (3.7  cts.  per  cu.  ft.) 8  6.289.67 

Total  manufacturing  costs  per  cu.  ft.: 

Cents 

Plant,  labor 4.71 

Hot  haul 8.85 

Street  work 12. 68 

Maintenance  of  plant  and  tools .87 

Overhead — 

Interest  and  obsolescence 1 .  00 

Supervision 3. 70 


26.31 

The  sand  used  was  bought  under  a  contract  at  44  ct.  per  cubic  yard  and 
hauled  from  the  wharf  to  the  plant  at  a  cost  of  81,266.26  for  2,160.6  cu.  yd.,  or 
69  ct.  per  cubic  yard,  a  total  of  81.03  per  cubic  yard.  All  other  material  was 
delivered  at  the  plant  site  at  the  costs  shown  below. 

The  cost  of  cubic  foot  of  old  material  mixture  was  as  follows: 

0. 67  cu.  ft.  crushed  material,  at  83.2  ct.  per  cu.  yd 80.0206 

0. 27  cu.  ft.  sand,  at  $1.03  per  cu.  yd 0103 

3.89^  lb.  asphaltic  cement,  at  $10  per  ton 0196 

Total  material 80.0630 

Manufacturing  and  placing  cost 2631 

Total  (cu.  ft.) 80.3161 

Asphaltic  concrete  mixture: 

0.5  cu.  ft.  screenings,  at  81.32  per  ton 80.0830 

0.5  cu.  ft.  sand,  at  $1.03  per  cu.  yd 0190 

4.2  lb.  limestone  dust,  at  $2.53  per  ton 0053 

9.16^  lb.  asphaltic  cement,  at  $10  per  ton 0468 

Total  material ., 80. 1081 

Manufacturing  and  placing  costs 2681 

Total  per  cu.  ft 80.8662 

1  Includes  10  per  cent  tare. 

The  plant  operating  force  consisted  of  one  foreman  at  8100  per  month  and 
the  following  per  diem  employes: 

1  Steam  engineer  (operating  mixing  plant)  at 88.60 

1  Steam  engineer  (operating  crusher)  at 8.00 

1  Timekeeper  at 8. 00 

7  laborers  (operating  plant)  at 1 .75 

12  Laborers  (operating  crusher)  at 1 .78 

4  Laborers  (miscellaneous,  including  watchman)  at 1.75 

12  Carts*  (hot  haul)  at 2.80 

*  Hauling  hot  material  from  plant  to  street  operating  or  patching  gangs. 
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A.  brief  nudy  for  detemiinliiK  the  labot  hour  nqultements  for  some  divltlaiui 
work  connected  with  a  brick  paTlng  Job  in  tt  city  will  be  undertakca. 
The  excavation  Id  Ihte  case  will  be  assumed  to  be  completed. 

e  the  coat  ot  uuloadLne  and  hauling  brick  from  the  can  to  the 
□ecessar;  to  figure  on  the  cost  of  unloading  them.  It  has  been 
experience  of  the  writer  on  a  number  of  hla  Jobs  that  a  worklns  unit 
len  loading  from  the  can  to  the  wagaos  and  bIi  men  at  the 
se  wagons  as  tliey  come,  will  miload  approximately  on  an 
average  ot  10,300  paving  brick  la  a  10-hour  day.  Or  It  requlrea  ai^roxi- 
malelj  5.7  labor  hours  to  handle  the  brick  trom  the  cars  to  the  pOe.  Fig.  T 
shows  the  cost  to  unload  brick  to  the  pile  at  different  rates  of  wages  for  latior 


Extra  wuoiu  provided  ta 
IdUtlme. 


To  haul  tile  brick  from  the  switch  to  the  Job,  extra  wagons  are  provided,  ao 
that  the  teamster  alter  having  hauled  the  loaded  wagon  to  the  street  to  ba 
unloaded  can  Immediately  hltcb  to  an  extra  empty  oite  and  proceed  back  to  the 
switch.  In  this  way  no  team  time  Is  loet  while  waiting  for  loading  or  unload- 
ing [he  wagons. 

The  number  of  loadH  that  can  lie  hauled  In  a  given  length  ot  ttme  can  be 
determined  by  the  formula: 

Number  of  loads  hauled  -  j^  ^^ 

In  which  T  -  total  working  time  in  mlnuleii. 

L  ••  length  of  haul  (round  trip). 

z  '  lost  time  In  minutes,  unhitching,  etc.  (this  will  average  IT  iiiliiiiNW 

r  -  rate  of  team  travel  (180  ft.  per  minute). 


ROADS  AND  J 

i  ilunni  this  tormula  [dotted  for 
to  Dad  the  teams  required ;  find  t 
oadlng  to  the  lengtb  ol  hauL  It 
I  loid  equals  the  Dumber  ot  bi 

Ifl.SOO _ 

'  brick  hauled  by  ODe  team 

B  ahoira  the  cost  of  baultne  brick 

ire  is  figured  at  80  cents  per  bom 

tottd  cost  ot  handiing  and  haullnf 


gang  will  lay  concrete  buse  requ 
lare  yard.  Fig.  10  sliows  valui 
.nd  an  old-style  tioii-t ruction  mi 
nixed  concrete  froni  the  mixer  to 

XT  ttae  divisions  ot  tabor  requirt 


956  HANDBOOK  OF  CONSTRUCTION  COST 

tt  wUl  require  flre  divtsions.    The  following  table  gives  these  iIItJsIoiib  with 

coefflclenta  relating  to  each: 

Send  Iwd  miieia 0 .  00742 

Brick  arrieri 0.0132O 


Cement  (louliac,  auchins  mix 0. 00460 

To  Hncl  the  number  ot  men  needed  tor  each  division  of  work  to  balance  the 
whole  gimg.  multiply  the  required  output  by  the  factors  opposite  each  dlTialon 
in  the  table  and  take  the  closest  even  number. 


Fio.    11. — Cost    of    layios   brick,  Flo.  12.— <^  ot  applHns  B 


Indudi      ..... 

AHumpdon:   0.31 
«l.yd. 


Asauniption:  Minnc  hy  hand, 
0.080  hn,  pn-  h).  yd.;  Ddidiu  by 
machine,  O.MS  hn,  pei  sq.  yd. 


or  13  men  needed. 

Fig.  11  shows  the  costs  of  laying  brick  in  pavements  at  different  rates  erf 
wages.  It  Is  figured  on  the  assumption  tbat  the  operations  named  require 
0.31  labor  houn  per  square  yard. 

Fig.  12  shows  the  cost  of  applying  cement  grout  filler.  The  lower  line  Showa 
the  cost  when  iLiing  a  small  grout  mixer  and  the  upper  line  shovrs  the  coat 
when  using  the  old-style  grouting  boxes,  which  require  mixing  by  hand.  With 
labor  at  SO  ct.  per  hour  It  can  be  seen  that  a  saving  of  1  }X  ct.  per  iquare  ymrdla 
made  by  using  the  gasoline  erout  mlier. 

The  labor  hours  required  for  these  various  operations  were  obtained  troin  the 
writer'a  experience  and  represent  work  that  has  been  done  by  ei 
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Other  costR  for  brick  pavement  on  concrete  base  show  the  foUowiog: 

Per 

,,     .  M|>  ycl< 

Shaping  Bubgrade $0. 10 

Concrete  base,  4-in '45 

Sand  cushion,  2-in ...'!.        !  10 

Brick,  46  per  sq.  yd *. I95 


Total $1.60 

Labor  Cost  of  Monolithic  Brick  Pavement. — The  following  data  are' taken 
from  Engineering  and  Contracting,  Sept.  4,  1918. 

Monolithic  brick  pavement  was  constructed  on  the  Highline  Road  in  King 
Comity,  Washington,  at  a  labor  cost  of  about  23  cts.  per  square  yard.  The 
paved  section  was  20  ft.  wide.  The  concrete  base  was  a  1 : 3  : 6  mix,  3  in.  thick 
at  the  sides  and  5  H  in.  at  the  cro^-n.  The  blocks  for  part  of  the  work  were 
vertical  fiber  bricks,  4  X  8H  in.  X  2H  in.  deep;  for  the  remainder  standard 
paving  blocks  4  X  8H  in.  X  3>^  in.  deep,  laid  flat,  were  used.  The  average 
labor  cost  for  91.500  sq.  yd.  of  pavement  laid  between  June  and  October.  1016, 
was  as  follows: 

Per  aq.  yd. 

Concrete  base,  4^  in.  thick SO. 086 

Sand-cement  cushion .  018 

Laying  brick .  072 

Grouting .038 

Sprinkling .005 

Curb  forms .• .012 

Total SO. 226 

The  above  figures  include  the  cost  of  covering  the  completed  pavement 

with  1  to  2  in.  of  earth  and  removal  of  same.     The  average  paving  crew  was  as 

follows: 

Per  Per 

day  day 

Superintendent S6.00  Brick  crew: 

Mixer  crew:                                                        1  bricklayer - S7.00 

1  foreman 4. 00         1  batter-m 3.00 

1  mixer  engineer 5. GO         1  liner 2.76 

2  subgrade  men 2.75         6  carriers 2.75 

4  shovelers 2 .  75        4  pilers 2 .  75 

8  wheelbarrow  men 2 .  75     Grout  crew  (8  laborers) 2. 75 

2  cement  men 2 .  75  Coveringj        uncovering       and 

2  concrete  spreaders 2 .  75         sprinkling  (2  men) 2 .  75 

1  concrete  rodder 2.75     Curb  forms: 

Cushion  crew  (5  men) 2.75         1  man 4 .  00 

1  helper 2.76 

1  water  boy 1 .  50 

The  concrete  for  the  base  was  mixed  in  a  21  cu.  ft.  Koehring  mixer  of  the 
boom  and  bucket  type.  The  1  : 3  sand  cement  cushion  was  mixed  in  a  S-ft. 
Little  Wonder  mixer.    The  bricks  were  handled  by  laborers  with  brick  damps. 

Organization  and  Output  of  Brick  Paving  Gang  in  Vermilion  County 
Roads. — Engineering  and  Contracting.  Sept.  4,  1918,  gives  the  following. 

In  the  construction  of  the  monolithic  brick  pavement  for  the  Vermilion 
County.  Illinois.  Bond  Issue  Roads,  the  average  gang  consisted  of  32  men 
distributed  as  follows: 
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Track  Section. — The  section  paved  comprised  one  biocic  on  High  St.,  the 
main  business  street,  through  which  the  traclcs  of  the  Cmnberiand  Valiey 
R.R.  run.  The  railroad  company  was  unwilling  to  pave  between  and  along 
the  tracks,  but  it  agreed  to  construct  a  concrete  curb,  6  X  18  in.,  set  2  ft  from 
outside  face  of  curb  to  rail.  The  concrete  was  a  1  : 2  : 3  mix  with  a  1 : 1  finish 
coat,  and  was  constructed  by  contract  at  a  price  of  35c.  per  lin.  ft. 

Pavement  Base. — The  old  macadam  with  which  the  street  was  paved  was 
used  as  a  base  for  the  new  brick  paving.  The  macadam  had  a  depth,  before 
excavation,  of  at  least  18  to  20  in. 

In  grading,  the  old  macadam  was  spiked  up  with  a  13-ton  steam  roller, 
excavated  to  subgrade,  and  thoroughly  dry  rolled,  as  with  wet  rolling  the 
macadam  showed  a  tendency  to  push  ahead  of  the  roller,  causing  waves. 

In  shapiilg  the  base  spikes  were  set  to  subgrade  at  7-ft.  intervals  across  the 
street,  and  the  final  shaping  done  by  hand  picldng.  After  rolling,  new  spikes 
were  set,  which  supported  the  3  X  8-in.  by  16-ft.  guides  for  a  striking 
template. 

Concreting  Filled-in  Trenches. — The  Gas  &  Water  Co.  had  recently  renewed 
a  great  many  trenches  along  the  street,  and  poor  foundations  existed  in  the  old 
gutters,  so  it  was  deemed  advisable  to  fill  all  these  new  trenches  and  the 
gutters  with  concrete  5  in.  deep. 

Stone  Cushion. — The  cushion  was  composed  of  limestone  dust  and  -screen- 
ings, IH  in.  in  thickness;  and  was  struck  off  by  means  of  a  short  striking 
template  drawn  by  three  men.  The  cushion  was  then  rolled  with  a  250-lb. 
roller  drawn  by  hand. 

Laying  Bricks. — The  bricks  were  laid  by  one  foreman  and  two  men,  one  of 
the  men  breaking  half-brick  to  fill  in  ends  of  courses.  '  Usually  there  were 
three  men  carrying  to  each  brick  layer.  An  average  of  7000  bricks  were  laid 
by  each  man  per  day.    Yitrified-shale  paving  blocks  were  used. 

Rolling  Bricks. — Rolling  was  done  with  a  5-ton  horse  roller  drawn  by  12 
men. 

Or  outing. — The  joints  were  grouted  with  a  1:  IH  portland-cement  grout. 

Expansion  Joints. — A  ^-in.  "Elastite  sandwich"  Joint  was  used  longitudi- 
nally along  the  four  curbs  and  transversely  over  75  ft. 

"  Elastite"  was  found  to  be  a  great  improvement  over  the  old  pitch  expan- 
sion-joint filler,  doing  away  with  the  boards,  wedges,  heating  the  pitch,  etc., 
and  the  first  cost  of  the  joint  was  practically  the  entire  cost,  as  it  took  very 
little  time  to  place  it  in  position. 

Sand  Covering. — The  green  pavement  waa  covered  with  H  in.  of  sand  for 
several  days.    Traffic  was  turned  on  the  pavement  at  the  end  of  five  days. 

Cost  Data. — The  following  is  an  itemized  list  of  cost  data: 

Cost  per  tq.  yd. 
of  pavement 

Unloading  and  hauling  brick $0.0777 

Grading  and  rolling  subgrade 0. 1126 

Concreting  trenches 0.0848 

Crushed  stone  cushion 0.0548 

Brick 0.8600 

Laying  brick 0.0376 

RolHng  brick 0.0062 

Grouting 0.0846 

Expansion  joints 0.0866 

Covering  with  sand 0.0047 

Total $1,868 
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Dust  Cushion 

Foreman,  26  hrs.  at  $0.17 $0.0020 

Laborers,  50  hrs.  at  $0.14 0083 

Crusher  dust,  66  ou.  yds.  at  $0.08 .0312 

Total  (2.070  sq.  yds.) $0.0365 

Unloading,  Hauling,  Stacking  Blocks 

Foreman,  45  hrs.  at  $0.17 $0.0037 

Laborers.  390  hrs.  at  $0.14 0264 

Carting,  363  hrs.  at  $0.24 0421 

Total  (2,070  yds.) $0,072 

Block 
85,660  at  $19.00  M $1,627.54  or  $0,780  yd. 

Laying  Blocks 

Foreman,  127  hrs.  at  $0.17 $0.0104 

Laborers.  402  hrs.  at  $0.14 0271 

Total  (2,070  sq.  yds.) $0,035 

Rolling  and  Inspecting 

Team,  15  hrs.  at  $0.20 $0,001 

Laborers.  63  hrs.  at  $0.14 004 

Total  (2,070  sq.  yds.) $0,005 

Gbouting 

Cement.  44  bbls.  at  $1.20 $0.0254 

Sand,  11  tons  at  $1.40 0074 

Foreman,  32  hrs.  at  $0.17 0071 

Laborers.  106  hrs.  at  $0.14 0091 

Sand  covering,  5  tons  at  $1.40 .  0084 

Total  (2,070  sq.  yds.) $0.0459 

Rbcapitulation 

Per  sq.  yd. 

Excavation $0. 057 

Grading 0.050 

Cushion ^  .  0.080 

Haul,  etc 0.072 

Blocks 0.788 

Laying 0.087 

Rolling 0.005 

Grouting 0.046 

Grand  total $1,089 

Cost  of  Grouting  Brick  Pavements. — H.  E.  Bilger,  Engineer  of  the  lUinoiB 
State  Highway  Department  gives  the  following  data  in  an  article  published  in 
Engineering  and  Contracting,  DeC/  6,  1916. 

Quantity  of  Grout  Required  per  Unit  Area. — With  a  grout  composed  of  1  part 
cement  and  1  part  sand,  it  has  been  found  that  1  barrel  of  cement,  with  an 
equal  volume  of  sand,  will  make  sufficient  grout  to  cover  the  areas  below  under 
the  two  types  of  bed  for  the  brick: 

4-1 N.  Brick  on  Ordinary  Sand  Cushion 

32  sq.  yd.  if  repressed  brick  is  used. 
24  sq.  yd.  if  wire-cut  lug  brick  is  used. 

4-1 N.  Brick  on  J^-in.  Mobtab  B»d 

30  sq.  yd.  if  repressed  brick  is  used. 
22  sq.  yd.  if  wire-cut  lug  brick  is  used. 
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Cts.  per 
Section  10  sq.  yd. 

Cement  at  $1.30 8. 69 

Sand  at  $1.886 3. 82 

Labor 3. 50 

Total. 10. 47 

Cta.  per 
Section  13  eq.  3rd. 

Cement  at  $1.30 8. 66 

Sand  at  $1.886 3. 31 

Labor 1. 86 

Total 8. 88 

Cta.  per 
Section  18  sq.  yd. 

Cement  at  $1.71 3. 66 

Sand  at  $2,015  4. 67 

Labor 3. 14 

Total 11.87 

Cts.  per 

Section  26  sq.  yd. 

Cement  at  $1.66 4. 66 

Sand  at  $1.82 3. 24 

Forms  at  $32  per  M 0. 32 

Labor 3. 68 

Total 11.76 


* 


The  volumes,  per  square  yard,  of  sand  used  for  grout  and  covering  on  these 
six  sections  were  as  follows: 

Area.  sq.  yds.  Cu.  yds.  sand  Sand,  cu.  yds.  per  sq.  yd. 

462.6  9  0.0196 

636.6  9.5  0.0177 

634.4  9.4  0.0177 

621.4  10.9  0.0176     . 

430  7.6  0.0177 

1,004.4  17.87  0.0177 

The  cost  at  Carlisle,  Pa.,  of  1-1 H  grout  filler  for  brick  pavement  laid  in 

1913,  with  wages  at  $1.60,  cement  at  $1.32  and  sand  at  $1.60,  wan  6.8  cts.  per 
square  yard. 

The  labor  cost  of  grouting  brick  pavement  laid  at  Fort  Worth,  Tex.,  in 

1914,  was  1.7  cts.  per  square  yard.  The  methods  were:  The  grout  for  the 
filler  wa.s  composed  of  equal  parts  of  cement  and  sand  and  enough  water 
to  make  it  flow  properly.  An  average  of  0.021  bbl.  of  cement  per  square  yard 
was  used.  Two  grout  boxes  were  used  when  a  full  gang  was  working,  and 
where  the  work  was  extensive  and  the  weather  permitted  fast  bricklaying,  a 
third  box  could  have  been  used  to  advantage.  To  keep  the  men  aroimd  the 
boxes  from  standing  idle  waiting  for  a  batch  to  be  mize<l.  the  cement  and  sand 
were  mixed  dry  on  the  concrete  base  or  on  the  finished  pavement  and  wheeled 
to  the  boxes  as  fast  as  needed.  This  shortened  the  length  of  time  of  mfactng 
in  the  box  and  made  it  about  equal  to  the  time  it  took  for  the  other  box  to  be 
emptied,  thus  keeping  the  whole  gang  employed.  To  keep  the  cement  and 
.sand  from  separating  the  grout  was  agitated  continuously  untU  the  iMt 
bit  had  been  dipped  out.  The  first  pouring  was  made  thin  enough  to  flow  into 
ull  cracks  and  was  kept  swept  ahead  by  means  of  steel  street  brooms.    After 
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The  coflt  of  the  trench  IH  ft.  wide  and  1.130  ft.  long  was  an  follows: 

Item  Lin.  ft 

Tearing  up  and  cleaning  brirk $0,019 

Relaying  nrick 0.025 

Teaming O.OOi 

Total  labor 00.018 

2  cu.  yds.  cushion  sand , 

4  bbl«.  cement 

300  new  brick 

Miscellaneous 


Total  materialH fO.OlO 


Grand  total 00.064 

RemoTing  Block  PaTemeot  Between  Track  Rails  by  Plowiiig. — (Eofineer- 
ing  and  Contracting.  June  7,  1016.)  For  two  years  the  Clevelaod  Ry.  Co. 
has  used  a  special  plow  for  rooting  up  block  pavement  between  raUa  when- 
ever reconstruction  of  track  was  required.  The  plow  first  built  was  eiperi- 
men^  and  somewhat  crude  in  detail.  The  apparatus  consists  of  a  cut  start 
spear-shaped  blade  with  shallow  mold  boards  attached  to  the  front  end  of  a 
steel  frame  truck  mounted  on  car  wheels.  The  truck  has  a  wooden  body  in 
which  the  necessary  counter  weighting  load  can  be  placed.  In  operation 
the  truck  is  pulled  by  a  work  train  and  the  plow  blade  loosens  tlis  pavement 
as  illustrated.  The  designer  of  this  plow,  Chas.  H.  Clark,  Engineer  Mainte- 
nance of  Way.  Cleveland  Ry.  Co..  furnishes  the  following  data:  Clevteland 
Railway  Co.  has  had  one  of  these  pavement  plows  in  operation  for^the  past 
two  years,  during  which  time  we  have  made  some  very  remarkable  lecMds; 
the  following  are  only  a  few  of  the  many  instances  in  which  the  plow  has 
worked  and  the  time  in  which  it  has  taken  up  the  pavement: 

4 .  .500  ft.  on  Woodland  Ave.  in  28  minut<^. 

3 ,  200  ft.  on  Woodland  Ave.  in  30  minutes. 

1  ..500  ft.  on  R.  r)5th  St.  in  12  minutes. 

1 .000  ft.  on  Euclid  Ave.  in  front  of  Hotel  Btatler  to  E.  0th  St.  in  4  auBatea. 

1 ,475  ft.  on  Lorain  Ave.  in  13  minutes. 

Cost  of  Cleaning  Old  Paving  Brick  by  Compreased-AIr  Hammers. — Charles 

S.  Butts  gives  the  following  data  in  Engineering  News.  July  23,  1914.  . 

The  construction  of  the  Rocky  Branch  Joint  district  sewer  at  St.  Louis,  Mo.. 
involved  the  disturbance  of  a  considerable  extent  of  paved  street.  The  woik 
is  5.724  ft.  long  (on  Blair,  Palm  and  Glasgow  Aves.)  and  was  done  by  the 
James  Black  Masonry  &  Contracting  Co.,  at  a  price  of  about  0500,000. 

Of  the  total  length,  4,600  ft.  was  in  streets  having  brick  paving  grouted  with 
cement,  the  paved  width  being  17  to  30  ft.,  and  the  total  i>aved  area  being 
about  10,000  sq.  yd.,  with  about  530,000  brick.  The  specifications  require 
the  contractor  to  repave  the  streets  and  leave  them  in  as  good  a  condition  as 
t>efore  the  construction  of  the  sewer. 

The  question  wao  Tand  always  has  been)  whether  It  pays  to  dean  vitrified 
paving  brick  (cement  grouted)  for  use  in  repaving  streets.  In  cleaning  them 
by  hand  a  man  can  clean  about  300  a  day.  And  at  $4.60  per  1,000  (which  was 
paid  for  this  method  of  cleaning)  he  would  make  only  $1.35  per  day.  In 
order  to  make  it  any  inducement  to  clean  them  by  hand  about  $0  per  1,000 
would  have  to  be  paid.  The  contractor  finding  this  method  not  only  skm 
but  also  un.satisfactory.  abandoned  the  hand-cleaning  method  and  adopted 
the  following  machine  method  which  has  proved  very  satisfactory. 
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by  hand  was  $24  per  thousand  and  a  crew  of  10  men  was  able  to  handle  about 
1,000  bricks  per  day.  The  detailed  cost  of  operating  the  compressor  and  drill 
outfit  was  as  follows: 

1  compressor  engineer f  3. 00 

7  gallons  of  gas  at  18  cts 1 .  26 

4  operators  at  $1 .85 7 .  40 

Lubricating  oil .25 

Total  cost  per  day $11 .91 

The  above,  of  course,  does  not  include  interest  or  depreciation.  Mr. 
Crowley  estimates  that  about  2,000  bricks  are  removed  and  cleaned  in  eight 
hours  with  the  two  tools.  This  brings  the  cost  of  tiaking  up  and  cleaning  to 
$5.96  per  thousand  bricks.  On  work  done  with  this  outfit  in  1914  a  crew  of 
40  men  was  cut  down  to  18  men.  It  is  estimated  that  this  outfit  pays  for 
its^  on  every  100,000  bricks  taken  up  and  cleaned.  Savings  included  labor 
on  the  brick,  saving  in  the  sand  cushion,  saving  in  time  in  making  the  bed 
under  the  brick  and  in  laying  the  brick.  Cement  and  grouting  are  also 
saved. 

Mr.  Crowley  gives  the  following  table  showing  the  number  of  bricks  deaaed 
each  year  and  the  saving  made  by  the  use  of  this  outfit: 

Brick  cleaned  Saving 

1913 229,000  $  4.122 

1914 82,200  1,480 

1915 356.000  6,400 

1916 100.000  (Est.)  1.800 

767.200  $13,602 

Cost  of  Toothing  Briek  Paving  with  Air  Compressor. — The  Highways 
section  of  the  Department  of  Public  Improvements  of  Baltimore,  Md.,  is  using 
air  compressors  in  connection  with  its  work  of  toothing  brick  pavements. 
The  following  information  on  this  work,  given  by  R.  M.  Cooksey,  Is  published 
in  Engineering  and  Contracting,  April  4,  1917.  In  doing  this  work  by  hand, 
stone  cutters  are  employed  in  preference  to  laborers,  this  having  been  found  to 
be  more  economical,  as  the  latter  class  ruined  much  good  paving.  The 
average  day's  work  for  a  stone  cutter  is  25  lin.  ft.  of  toothing  at  $4.50  per  day, 
which  equals  18  cts.  per  ft.  The  average  day's  work  by  machine  la  800  lin.  ft. 
of  toothing  at  a  cost  of  $6.79  per  day  or  about  2.26  cts.  per  ft.  The  cost  at 
the  machine  work  includes  the  following  items: 

5  gal.  of  gasoline $10 . 5 

1  gal.  cylinder  oil 26 

1  gal.  Folarine  oil 33 

1  special  laborer 2. 60 

1  special  laborer 2. 75 

Total $6.79 

The  equipment  consisted  of  one  No.  2  portable  compressed  air  outfit,  with 
hose  connections  for  hammers,  made  by  Chris.  D.  Schramm  A  Son,  Philsr 
delphia,  Pa.,  and  two  No.  2  Thor  chipping  hammers.  The  dty  purehased 
three  Thor  hammers,  so  that  it  would  have  one  in  reserve,  should  the  one  in  use 
get  broken  or  out  of  order. 

Cost  of  Concrete  Road,  Allen  County,  Ind. — The  following  data,  are  taken 
from  Engineering  and  Contracting,  Feb.  6,  1918. 

The  road  was  built  in  the  period  from  June  11  to  Oct.  12,  1917.  The 
pavement  was  12,263  ft.  in  length  and  16  ft.  wide,  the  total  iiufaeed  wea 
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laed  and  were  figured  at  te  per  day  for  team  and  driver.  The 
I  were  exceptionally  high  due  to  poor  handling  of  teams.  The 
8  also  were  high,  due  to  poor  setting  of  crushing  plant,  constant 
ind  changing  of  foremen. 

zation  of  the  concrete  gang  was  very  good,  the  average  daily  nm 
ft.  and  the  maximum  daily  run  540  Un.  ft.     The  gang  was  made 

• 

Per  day 
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necr  Ocaa  engine) 5. 50 
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4.00 

ollinff,  belting  and  finishing  joints 9.00 
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loading  sand  to  wheelbarrows  at  $3.50 8. 50 

at  to  hopper,  from  side  forms 4.00 

also  spotting  piling  of  cement 8 .  00 

wetting  down  concrete 8. 50 

I  for  curing  and  wetting  down  concrete  at  $3.50 7.00 

Total $108..50  ' 

al  pump  man  required  nights  for  about  one-third  of  time. 

'd  cost  of  the  pavement  was  as  follows: 
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troweled  and  the  edges  of  the  slab  rounded.  The  maximum  cost  of  this  work 
was  16  cts.  per  square  yard  or  79  cts.  per  cubic  yard  of  concrete.  The  minimum 
cost  was  9.6  cts.  per  square  yard  or  47.3  cts,  per  cubic  yard. 

Covering  Pavement. — Earth  ranging  in  texture  from  loose  top  soil  to  hard 
soil  was  shoveled  from  the  berms  and  ditches  and  spread  on  the  concrete.  The 
average  depth  of  the  covering  was  2  in.  The  maximum  cost  of  covering  was 
3.1  cts.  per  square  yard,  and  the  minimum  cost  was  H  ct.  per  square  yard. 

Summary  of  Coats, — The  following  summary  represents  the  average  cost 
for  20  days'  work: 

Cost  per      Cost  per 
sq.  yd.         cu.  yd. 
Item  pavement     ocmcrete 

Cement JO.  54  S2.66 

Cost  of  aggregates 0. 19  0. 95 

Hauling  aggregates 0. Oil  0. 54 

Loading  aggregates 0.023  0. 115 

Expansion  joint  complete 0.063  0.31 

Paving  operations 0. 133  0. 651 

Covering  pavement 0. 016  0.074 

Removing  earth  cover 0. 005  0.034 

Overhead  and  miscellaneous 0.065  0.319 

Totals $  1 .  144         $5 .  648 

The  item  "Miscellaneous"  includes  fuel,  oil,  repairs,  depreciation  and 
one-way  moving  expense  of  plant. 

The  total  number  of  hours  on  the  work  was  1,065.  The  number  of  hours 
lost  due  to  rain,  lack  of  materials,  and  miscellaneous  delays  was  498.  This 
makes  the  actual  number  of  working  hours  567.  The  misoellaneoiis  delays 
include  minor  delays  due  to  mechanical  troubles  of  plant,  short  intervals  of 
waiting  for  materials,  etc  The  average  yardage  of  pavement  laid  per 
working  hour  was  38.4  sq.  yd. 

Cost  of  Arizona  Federal  Aid  Concrete  Road. — The  following  data  given  in 
Engineering  and  Contracting,  Feb.  4,  1920,  relate  to  the  construction  of  a 
concrete  pavement  on  the  Phoenix-Temple,  Ariz.,  highway,  Arizona  Federal 
Aid  Project  No.  2.  The  work  was  done  during  January  and  February*  1019, 
by  forces  of  the  Arizona  State,  Highway  Department  under  the  supervision  of 
Clyde  E.  Learned,  Senior  Highway  Engineer,  U.  S.  Bureau  of  Public  IUmuSs, 
who  furnished  the  matter  in  this  article. 

The  cost  data  cover  about  three-fourths  of  the  length  of  road  constnietlon. 
The  work  involved  2.92  miles  of  18-ft.  wide,  5-in.  thick,  1:2:4  concrete  pave- 
ment. The  total  number  of  cubic  yards  of  concrete  placed  was  4,307.  equiva- 
lent to  31,658  sq.  yd.  of  pavement,  giving  a  ratio  of  1  cu.  yd.  to  7.2  sq.  yd. 

The  subgrade  was  composed  of  an  old  surfaced  road  of  caliche  oonglomeiiate 
and  mixture  of  decomposed  granite  and  caliche,  which  was  very  hard  to  work. 
The  preparation  of  the  subgrade  for  the  concrete  was  very  expensive,  but  an 
exceptionally  good  piece  of  work  was  performed. 

The  mixing  was  done  with  a  new  No.  22  Koehring  paving  mixer,  uslnir  a 
3-bag  batch.  1.57  bbl.  of  cement  were' used  per  cubic  yard  of  concrete  In 
place ;  0.48  cu.  yd.  of  sand,  and  0.89  cu.  yd.  of  stone.  Tlie  wooden  side  forms 
were  2  in.  X  5  in.  and  were  left  in  place. 

Water  was  pumped  a  maximum  distance  of  IH  miles.  Trouble  was  expe- 
rienced with  the  pumps  as  they  were  of  too  small  a  capacity.  The  iitpe  was 
old,  and  the  line  was  poorly  laid. 

Common  labor  and  teamsters  were  paid  $3.50  per  R-hour  day.    State 
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Gravel  (State  Plant):  Per  ou.  yd. 

Premium $        o.  10 

Loading  at  pit .48 

Hauling,  pit  to  crusher  (H  mile  bad  haul) .32 

Crushing  and  screening 1 .  02 

Hauling  to  road  (3-mile  average  haul) 1.40 

Cost  per  cu.  yd.  on  road $        3.32 

Crushed  Stone  (Tempe  Commercial  Plant): 

Cost  in  bin,  $1.86  per  ton  X  2460/2000 $         2.28 

Haul  to  road  (3-mile  average  haul) 1 .  40 

Cost  per  cu.  yd.  on  road $         3.68 

Composite  price  of  gravel  and  crushed  stone 3.50 

Cost  (0.89  cu.  yd.)  per  cu.  yd.  concrete 3. 11 

Total  cost  cement,  sand  and  stone,  per  cu.  yd.  concrete 9.80 

Expansion  joints  (Carey's  Elastite) .10 

Materials  and  Repairs:  Cost 

Mixer —  per  day 

Gasoline,  22  gal.  at  $0.25 $         6. 50 

Oil,  grease,  waste,  etc 1 .  00 

Cost  of  50  days 300.00 

Pumps — 

Gasoline,  8  gal.  at  $0.25 2.00 

Oil,  grease,  waste,  etc ^0 

Cost  per  day $        9.00 

Cost  of  50  days 450.00 

Crushing  Plant: 

Coal,  >4  ton  per  day  at  $7.50 $         5. 00 

Oil,  grease,  waste,  etc l.QQ 

Cost  per  day $         6. 66 

Lump  sum 

Repairs  on  mixer  (estimated) $      20. 00 

Repairs  on  pumps  (estimated) 200. 00 

Repairs  on  crusher  (estimated 500.00 

Total  cost,  fuel  and  repairs $1,470.06 

Per 

Side  Forms  and  Stakes:  station 

Side  forms,  200  ft.  B.  M.  at  $45.00 $        9.00 

Stakes  and  nails 1 .  00 

Total  cost  for  28  yd.  concrete "$  10. CO 

Interest  and  Depreciation:  Lumpsum 

Mixer  cost,  $4,360,  at  10  per  cent $  486.00 

Two  pumps  and  engines,  $400,  at  10  per  cent 40. 00 

Pipe  line,  connections,  etc.,  $5,000,  at  10  per  cent 500.00 

Car  subgradcr,  $400,  at  10  per  cent 40.00 

Small  tools,  hose,  etc.,  $500,  at  50  per  cent 250. 06 

Cement  house,  $300,  at  50  per  cent 150.00 

Crushing  outfit,  $4,000,  at  15  per  cent 600.00 

Dump  wagons,  $3,000,  at  10  per  cent _  800.00 

Total  interest  and  depreciation '.  $2,816.00 

SuMifABY  OF  Cost 

Per  cu.  yd. 

concrete  in 

road 

Labor $        2.46 

Cement • '      6.48 

Sand 1.86 

Gravel  and  crushed  stone 8. 11 

Expansion  joints .10 

Materials  and  repairs  for  plant .88 

Hide  forms  and  stakes .86 

Interest  and  depreciation  on  plant .40 

Total  per  cu.  yd.  concrete $       18. 58 

Total  cost  of  concrete  pavement  per  ou.  yd 18. 68 

Total  cost  of  concrete  pavement  per  sq.  yd 1 .  88 
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From  the  first  part  of  September  to  the  end  of  the  work  on  Nov.  5,  the  con- 
crete gang  was  smaller,  averaging  about  25  men,  and  differed  from  the  above 
organization  as  follows: 

The  man  spreading  concrete  was  eliminated,  his  work  being  done  by  the 
strike  board  men,  who  were  advanced  to  $5  per  day. 

Where  two  men  had  previoosly  been  used,  one  man  was  now  used  on  each 
of  the  following:  grading  in  front  of  the  mixer,  handling  cement  to  material 
hopper,  and  moving  and  setting  forms.  These  men  were  advanced  50  cts.  to 
$1  per  day.  The  men  used  for  covering  up  were  eliminated,  as  tnis  work  was 
performed  each  morning  by  the  whole  gang  before  any  concrete  was  laid. 
One  of  the  extra  men  loading  wheelbarrows  was  also  eliminated,  and  the  pay 
of  the  wheelbarrow  men  was  raised  to  $4.50  per  day. 

The  total  wages  per  day  for  these  25  men  were  $112.50,  and  the  average 
and  maximum  daily  runs  were  420  and  505  lin.  ft.  of  pavement,  this  being 
equivalent  to  the  placing  of  128  and  154  cu.  yd.  of  concrete.  This  gang  had 
the  maximum  weekly  run  of  2,370  lin.  ft.  of  pavements  which  was  accom- 
plished in  5H  working  days. 

The  organization  of  the  concrete  gang  was  very  good,  and  the  work  went 
along  very  smoothly,  the  only  serious  trouble  being  the  lack  of  materials. 

The  following  table  shows  the  cost  of  the  pavement: 

Coat 
per  ou.  yd., 
concrete 
Labor: 

Supervision  (foreman  and  timekeeper) $0. 175 

Prei>aration  of  eubgrade  for  concrete .  059 

Setting  and  moving  forms .  066 

Loading,  mixing,  placing  and  finishing .  994 

Covering,  cleaning  off,  cutting  joints .096 

Pipe  line,  hauling,  laying  and  removing .063 

Assembling  and  dismantling  mixer .012 

Mixer — to  and  from  job — Denver .010 

Total  labor $1,472 

Concrete  Materials: 

Cement —  Per  bbl. 

F.  o.  b.  mill $1.98 

Freight 82 

Loading,  hauling  and  unloading .15 

Freight  return  bags  and  losses .05 

Total  cost  per  barrel $2 .  60 

Cost  per  cu.  yd.  concrete  (1.70  bbl.) 4.25 

Sand—  P«r  en.  yd. 

Average  cost  screened  in  piles  or  at  pit $1 .00 

•Loading  and  hauling  to  road .60 

Cost  per  cubic  yard $1 .  60 

Cost  per  cu.  yd.  concrete  (0.00  cu.  yd.,  which  allows  for  waste).  .90 

Gravel —  •  •,   «, 

Average  cost  screened  in  piles  or  at  pit $1 .  20 

•Loading  and  hauling  to  road .80 

Cost  per  cubic  yard  • $1 .  80 

•Loaaing  and  hauling  combined,  as  drivers  helped  load  materials. 
Cost  per  cu.  yd.  concrete  (0.80  cu.  yd.,  which  allows  for  waste)       1.44 

Total  cost  cement,  sand  and  gravel  per  cu.  yd.  concrete $6.69 

^i^ter — From  Denver  and  Littleton  water  mains $0.06 

Joints — Carey's  Elastite,  }i  in.  premoulded  asphalt 065 
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Ribbons. — The  grading  foreman  has: 

-    1  man  setting  ribbons. 
1  man  helper. 

Placing  Material. — Where  the  maximum  haul  is  4  miles,  3  flve-ton  trucks 
will  handle  the  output  of  bunker  and  put  material  on  ground  to  run  1  three- 
sack  batch  mixer. 

Final  Subgrade. — Two  men  are  required  back  of  mixer  bringing  subgrade 
to  exact  depth  and  dragging  subgrade  template  on  ribbons. 

MixBR  Cbbw  For  Thbbb  Sack  Maohinb 

1  foreman  in  charge  of  concrete  crew. 

6  men  used  on  wheelbarrow  for  gravel,  3  wheelbarrows  with  2  men  to  each 
barrow. 

2  men  are  used  on  wheelbarrows  for  sand,  1  man  for  each  wheelbarrow. 

2  men  are  used  for  cement,  1  man  carries  cement  to  bench,  1  man  empties 

sacks  into  hopper. 
2  men  for  spreading  concrete. 
2  men  for  rodding. 
1  man  for  finishing. 

1  engineer  on  mixer  if  gas  engine  is  used.     If  steam  mixer  is  used  a  fireman  is 

necessary. 

2  men  for  covering  finished  concrete  with  2  in.  of  earth. 

2  men  watering  earth  covering  on  concrete  less  than  10  days  old. 

1  man  watering  subgrade. 

1  man  for  water  supply  to  mixer. 

Presuming  that  the  road  to  be  paved  is  20  ft.  wide  with  a  1 : 2: 3  mix  and  a 
thickness  of  6-in.  side  and  8-in.  center,  the  crew  of  23  men  as  outlined  above 
should  lay  600  to  700  sq.  yd.  of  pavement  per  day. 

Four  Examples  of  Concreting  Gang  Organization  for  Road  Work. — The 
following  information,  collected  by  special  committees  of  the  National  Con- 
ference on  Concrete  Road  Buildhig  is  given  in  Engineering  and  Contmctlncr. 
Feb.  23,  1916. 

Example  I:  Pennsylvania,  Boston — Bethlehem  Model  Road. — The  best  results 
were  obtained  with  a  gang  organization  as  follows: 

Gang  Cost  per  day 

Iforeman  at  J3 S  3.00 

1  mixer  operator  at  S3 3. 00 

1  fireman  at  $2.50 2.60 

2  templet  men  at  $2 ,     4.00 

3  men  spreading  at  $2 6.00 

2  men  floating  at  $2 4.00 

1  man  finishing  at  $2 2.00 

2  men  on  forms  at  $2 4,00 

1  man  chanfi^ng  chute  at  $2 2.00 

2  men  handling  cement  at  $1.75 8.60 

7  men  on  wheelbarrows  at  $1.76 12.26 

7  men  shoveling  at  $1.75 12.26 

1  utiUty  man  at  $1.75 1.76 

1  waterboy  at  $1.60 1.60 

32  men  in  total  gang $61 .76 

This  list  schedules  the  men  according  to  thehr  special  duties.  The  fltst  task 
in  each  day's  work  was  from  the  previous  day's  work  to  bring  forward  the 
forms  and  other  working  appliances  and  to  cover  the  previous  day's  concrete 
with  earth.  All  men,  such  as  templet  men,  floaters  and  flnicaiers,  wore 
employed  in  this  task.    The  three  men  handling  concrete  also  placed  the 
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etc.  The  slower  progress,  however,  runs  up  these  fixed  charges  so  that  in  the 
end,  the  cost  is  greater  rather  than  less.  Data  reported  by  H.  B.  Bushnell. 
Division  Engineer,  State  Highway  Department. 

Example  III:  Wisconsin,  Milwaukee.  County  Roads. — An  eflflclent  gang 
organization  for  conditions  prevailing  in  Milwaukee  County  has  been  found 
to  be  about  as  follows: 

Gang  Coat  per  day 

1  foreman  at  $5 $  6 .  OO 

1  timekeeper  at  $6 6 .  00 

1  engineer  at  $5 6. 00 

1  fireman  at  92.50 2.60 

1  pumpman  at  $2.50 2. 60 

1  form  setter  at  $2.50 2. 60 

1  finisher  at  $3 8.00 

2  strikeoff  men  at  $2.50 6.00 

2  puddlers  at  $2.50 5.00 

2  cement  handlers  at  $2.50 5.00 

1  boy  bundling  sacks  at  $1.50 -. 1 .  60 

1  waterboy  at  $1 1 .  00 

6  sand  laborers  at  $2 12.00 

12  stone  laborers  at  $2 24.00 

1  man  removing  forms  at  $2 2 .  00 

2  men  covering  concrete  at  $2 4.00 

1  man  sprinkling  at  $2 2 .  00 

1  man  trimming  subgrade  at  $2 2 .  00 

38  men     Total $80.00 

The  particular  road  on  which  tnis  gang  worked  contained  17,280  aq.  yd., 
was  18  ft.  wide  and  averaged  7  in.  in  thickness.  The  subgrade  was  day  and 
required  little  sprinkling  before  laying  the  concrete.  Wheelbarrows  were 
wheeled  directly  on  the  subgrade  without  planks.  Band  and  gravel  were 
placed  in  the  middle  of  the  road  and  cement  on  the  side.  Water  was  available 
at  the  job  and  was  pumped  through  2-in.  pipe  by  a  steam  pump.  A  10*ft. 
paver  was  used  with  an  open  spout  for  distributing  the  mixed  material.  The 
mix  was  1:2: 3H,  two  bags  of  cement  being  used  to  a  batch,  and  11  cu.  ft.  of 
aggregate.     Protected  joints  were  placed  every  50  ft. 

The  actual  number  of  days  consumed  in  the  construction  of  this  particular 
piece  of  work  was  33.  of  which  five  were  Sundays.  Of  the  remaining  workhig 
days,  two  were  lost  because  of  rain  and  a  defective  pump.  This  left  26  days 
for  actual  construction  work.  During  this  period,  the  maximum  output  for 
one  day  was  1.000  sq.  yd.  and  the  minimum  264  sq.  yd.  The  average  output 
was  665  sq.  yd.  per  day  or  3321^^  lin.  ft.  per  day.  The  actual  labor  cost  for 
mixing  and  placing  was  $0. 1396  per  square  yard,  which  included  labor  inciured 
in  supplying  water  covering  and  sprinkling  concrete  and  also  a  watchman  dui^ 
Ing  the  construction  period.  The  cost  to  the  contractor  for  lost  tfane,  moving 
plant  to  and  from  the  job,  the  laying  of  pipe,  etc.^  amounted  to  $0.0201.  giving 
a  total  cost  per  square  yard  for  labor  of  $0.1607.  The  timekeeper  looked 
after  the  ordering  of  materials,  spotting  of  cars  and  unloading  and  placing  of 
materials  on  the  job.  A  cheaper  engineer  might  have  been  employed  but  It  fai 
believed  that  the  results  obtained  justified  the  additional  expense.  Tlie 
man  employed  in  trimming  the  subgrade  saved  more  than  enough  In  materials 
to  pay  for  his  wages.  Data  reported  by  F.  W.  Whitlow,  Superintendent  of 
Construction,  County  Highway  Commission,  Milwaukee  County,  Wtseonata. 

Example  IV:  California  Highway  Commission. — (1)  Specific  Ciew  Ofgailifa^ 
tlon  employed  on  recent  jobs. 
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yard,  and  even  lower,  and  on  force  account  work  (work  done  by  the  State 
under  day  labor) we  have  done  the  work  for  as  low  as  48  cts.  per  cubic  yard  on  a 
single  day's  run.  But  out  of  over  twenty  contracts  under  way  in  Division  III 
this  summer  not  one  mixed  and  placed  concrete  as  low  as  50  cts.  per  cubic  yard, 
and  the  average  was  much  higher. 

The  Auburn  Boulevard  job  consisted  of  laying  a  concrete  base  4  in.  thick, 
for  the  most  part,  on  an  old  oil  macadam  base.  The  old  pavement  was  first 
scarified  and  the  top  2  in.,  which  consisted  of  a  mushy  mixture  of  oil,  dirt  and 
a  small  amount  of  rock,  was  removed.  The  remaining  base,  on  account  of  the 
amount  of  rock  and  oil  contained,  was  rather  difficult  to  prepare  accurately 
for  a  4-in.  base.  On  this  account  the  header  and  subgrade  charge  is  higher 
than  is  customary  on  work  of  this  nature. 

3.  Records  of  output  or  costs  indicating  efficiency  of  crew  organization  as 
employed. 

M,  R.  No.  155  AuBUBN  Boulevard 

1.  Length  of  concrete  pavement,  18,273  lin.  ft.  =  3.46  mi. 

(Part  18  ft.  X  4.5  in.;  part  15  ft.  X  4  in.) 

2.  Total  yardage,  3,963.5  cu.  vd.  Per 

3.  Labor  coet  of  mixing  and  placing  (not  including  water    .  cu.  yd. 

supply  or  curing  or  repairs) $2,994.73 '—  10.730 

4.  Cost  of  curing  concrete 837.23  0.211 

5.  Cost  or  running  pump  and  water  supply 310.09  0. 076 

6.  Cost  of  laying  and  removing  water  pipe 95.43  0.024 

7.  Cost  of  headers 1 .277.89  0.322 

8.  Cost  of  shaping  subgrade 1 ,073. 50  0.270 

9.  Cost  of  unloading  and  hauling  rock,  sand  and  cement  4,480.35  1.130 

Total  cost- $2,763 

10.  Average  haul  »  0.7  miles. 

Items  3  to  9  »  $11,069.22,  or  $3,200.00  per  mile. 

The  mixer  used  on  the  Auburn  Boulevard  was  old  and  as  the  work  pro- 
gressed the  break-Kiowns  were  numerous,  causing  disorganization  of  crew  and 
consequent  increased  costs.  Delays  due  to  shortage  of  materials  toward  the 
latter  end  of  the  work  added  unfairly  to  the  cost  of  the  concrete.  The  total 
cost  of  $2.76  per  cubic  yard  of  concrete  in  place  is  not  excessive,  but  is  hifl^wr 
than  should  be  on  a  large  job  and  where  there  are  no  serious  difficulties  to  be 
overcome. 

6.  Discussion  of  specific  or  general  questions  of  crew  organization  that 
experience  indicates  needs  enlightenment  or  investigation. 

No  suggestions  can  be  made  along  this  line,  as  there  are  no  partioilar  crew 
organization  problems  connected  with  concrete  paving  work.  The  only  real 
problem  is  the  problem  of  the  superintendent  always  to  organize  the  layout  o( 
his  work  so  as  to  prevent  serious  delays  in  any  one  part  of  the  organization. 
Thus,  he  must  plan  his  grading  crew  to  keep  ahead  of  the  subgrade  crew,  the 
finishers  must  keep  ahead  of  the  hauling  of  materials,  and  the  material  men 
must  keep  ahead  of  the  concrete  crew.  If  each  outfit  can  see  only  one  day's 
work  laid  out  ahead,  there  is  from  25  per  cent  to  50  per  cent  loss  of  effldency. 
On  the  day  labor  work  in  Stanislaus  Coimty,  Contract  D-50,  the  work  was  to 
regulated  at  the  start  that  each  unit  of  the  work  was  at  least  one-half  mile 
(representing  four  or  five  days'  work)  ahead  of  the  other  imits.  Data  reported 
by  A.  B.  Fletcher,  Highway  Engineer,  California  Highway  Commlssloii. 

Summary  from  Examples. — Using  modern  paving  mixers,  a  oonoretillK  glllf 
for  road  work  will  consist  of  from  30  to  40  men.    These  are  round  mmiben. 
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action  of  the  traffic  by  giving  support  needed  at  the  edges  and  at  the  aaine 
tbne  widen  the  road  which  had  become  too  narrow  for  the  heavy  motor  tntck 
freight  route. 

After  both  shoulders  were  completed,  the  entire  road  received  a  seal  coat  of 
bituminous  material  and  stone  chips,  which  was  allowed  to  cover  the  ooocrete 
shoulder,  giving  a  pavement  20  ft.  wide  of  uniform  appearance. 

As  there  was  excellent  stone  in  most  of  the  hills  adjacent  to  the  road,  the 
contractor  decided  to  save  handling  labor  by  mixing  the  concrete  at  the  quany 
and  hauling  it  to  the  road  in  motor  trucks.  A  location  about  midway  of  the 
contract  was  selected,  a  quarry  was  opened  and  a  crushing  and  mixing  plant 
was  set  up. 

Two  portable  boilers  of  the  locomotive  type  were  used;  one,  a  26-hp.  boOer 
and  engine,  furnished  power  to  run  the  crusher  and  mixer,  the  other,  an  IS^. 
boiler,  furnished  steam  for  the  rock  driUs^at  the  quarry  and  for  pmnpiDg  the 
necessary  water  for  the  boilers  and  the  concrete. 

A  jaw  crusher  was  placed  under  the  platform  upon  whidi  the  stone  from 
the  quarry  was  dumped.  After  being  crushed,  the  stone  was  elevated  into  the 
bin  and  separated  into  the  desired  sizes  by  a  rotary  screen.  Thme  were  three 
general  sizes  of  stone :  The  chips  which  passed  a  H-ia.  screen  went  into  the  sand 
bhis;  the  crushed  rock  passing  a  2\i-in.  screen  went  into  the  coarse  aggre- 
gate bin,  while  the  larger  stone  went  out  as  tailings.  What  tailings  could  not 
be  used  for  repairs  on  the  construction  road  were  taken  out  and  again  fed 
through  the  crusher.  As  the  crusher  did  not  produce  enou^  fine  material, 
sand  was  also  delivered  upon  the  platform  and  fed  through  with  the  stooe  and 
elevated  into  the  sand  bin. 

Gravity  was  utilized  to  the  utmost  throughout  the  operationa,  from  the 
quarry  to  the  mixed  product  in  the  truck  body.  The  plant  was  situated  at  the 
foot  of  a  hill  down  which  the  quarried  rock  was  hauled  in  carts  to  the  cruahep 
platform.  After  crushing,  the  stone  and  sand  were  fed  xlirectly  into  the  mixer 
from  the  bins,  care  being  taken  to  proportion  them  properly.  Water  was 
supplied  from  the  elevated  tank  shown  in  the  akeUh.  The  bin  and  the 
platform  for  the  concrete  mixer  were  placed  at  such  hdi^bJt  that  the  mixer 
could  discharge  directly  into  the  trucks. 

On  the  road  the  dumping  of  the  concrete  followed  a  different  plan  than 
would  be  employed  if  the  entire  road  section  were  being  covered,  as  in  the  case 
of  constructing  a  concrete  road.  As  the  shoulder  whidi  was  being  con- 
structed was  of  small  section,  it  was  necessary  to  dump  the  mixed  cononete 
upon  the  surface  of  the  old  road  and  shovel  it  into  the  f onns  on  the  side.  One 
truck  load  of  concrete  filled  about  35  ft.  of  forms,  and  extra  handling  was 
necessary,  which  of  course  increased  the  cost  above  what  it  would  be  if  an 
entire  road  suiface  were  being  built. 

Convict  labor  was  utilized  for  common  labor  upon  this  road,  a  camp  being 
built  at  the  quarry  to  house  and  feed  the  laborers.  Guards  were  provided  by 
the  prison  officials  for  watching  the  convicts,  but  the  contractor  furnished 
the  foremen  to  supervise  the  work.  The  contractor  reported  that  this  labor 
was  quite  satisfactory.  In  the  construction  of  the  shouldeiB  steel  fonns  wefe 
used. 

Approximate  costs  for  carrying  work  on  under  this  system  are  given  in  the 
following  table,  based  upon  an  average  haul  of  3.5  miles  and  the  construction 
of  6,975  ft.  of  shoulder  which  was  laid  in  a  period  of  13  wcnrking  daiya.  The 
average  days  work  was  thus  535  lin.  ft.  or  179  sq.  yds.  The  cost  per  day  of 
equipment  include  interest  and  depreciation. 
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action  of  the  traffic  by  giving  support  needed  at  the  edges  and  at  the  same 
time  widen  the  road  which  had  become  too  narrow  for  the  heavy  motor  truck 
freight  route. 

After  both  shoulders  were  completed,  the  entire  road  received  a  seal  coat  of 
bituminous  material  and  stone  chips,  wtiich  was  allowed  to  cover  the  c<»icrete 
shoulder,  giving  a  pavement  20  ft.  wide  of  uniform  appearance. 

As  there  was  excellent  stone  in  most  of  the  hills  adjacent  to  the  road, -the 
contractor  decided  to  save  handling  labor  by  mixing  the  concrete  at  the  quarry 
and  hauling  it  to  the  road  in  motor  trucks.  A  location  about  midway  of  the 
contract  was  selected,  a  quarry  was  opened  and  a  crushing  and  mixing  plant 
was  set  up. 

Two  portable  boilers  of  the  locomotive  type  were  used;  one,  a  25*hp.  boiler 
and  engine,  furnished  power  to  run  the  crusher  and  mixer,  the  other,  an  18-hp. 
boiler,  furnished  steam  for  the  rock  drills*  at  the  quarry  and  for  pumping  the 
necessary  water  for  the  boilers  and  the  concrete. 

A  jaw  crusher  was  placed  under  the  platform  upon  which  the  stone  from 
the  quarry  was  dumped.  After  being  crushed,  the  stone  was  elevated  into  tlie 
bin  and  separated  into  the  desired  sizes  by  a  rotary  screen.  There  were  three 
general  sizes  of  stone :  The  chips  which  passed  a  f4-in.  screen  went  into  the  sand 
bins;  the  crushed  rock  passing  a  2^^-in.  screen  went  into  the  coarse  aggre- 
gate bin,  while  the  larger  stone  went  out  as  tailings.  What  tailings  could  not 
be  used  for  repairs  on  the  construction  road  were  taken  out  and  again  fM 
through  the  crusher.  As  the  crusher  did  not  produce  enough  fine  material, 
sand  was  also  delivered  upon  the  platform  and  fed  through  with  the  stone  and 
elevated  into  the  sand  bin. 

Gravity  was  utilized  to  the  utmost  throughout  the  operations,  from  the 
quarry  to  the  mixed  product  in  the  truck  body.  The  plant  was  situated  at  the 
foot  of  a  hill  down  which  the  quarried  rock  was  hauled  in  carts  to  the  crusher 
platform.  After  crushing,  the  stone  and  sand  were  fed  directly  into  the  mixer 
from  the  bins,  care  being  taken  to  proportion  them  properly.  Water  was 
supplied  from  the  elevated  tank  shown  in  the  sketch.  The  bin  and  the 
platform  for  the  concrete  mixer  were  placed  at  such  height  that  the  mixer 
could  discharge  directly  into  the  trucks. 

On  the  road  the  dumping  of  the  concrete  followed  a  different  plan  than 
would  be  employed  if  the  entire  road  section  were  being  covered,  as  hi  the  case 
of  constructing  a  concrete  road.  As  the  shoulder  which  was  being  con- 
structed was  of  small  section,  it  was  necessary  to  dump  the  mixed  concrete 
upon  the  surface  of  the  old  road  and  shovel  it  into  the  forms  on  the  side.  One 
truck  load  of  concrete  filled  about  35  ft.  of  forms,  and  extra  handling  was 
necessary,  which  of  course  increased  the  cost  above  what  it  would  be  if  an 
entire  road  suiface  were  being  built. 

Convict  labor  was  utilized  for  common  labor  upon  this  road,  a  camp  being 
built  at  the  quarry  to  house  and  feed  the  laborers.  Guards  were  provided  hy 
the  prison  officials  for  watching  the  convicts,  but  the  contractor  furnished 
the  foremen  to  supervise  the  work.  The  contractor  reported  that  this  labor 
was  quite  satisfactory.  In  the  construction  of  the  shoulders  steel  f onns  were 
used. 

Approximate  costs  for  carrying  work  on  under  this  system  are  given  in  the 
following  table,  based  upon  an  average  haul  of  3.5  miles  and  the  oonstnictlon 
of  6,975  ft.  of  shoulder  which  was  laid  in  a  period  of  13  worldng  days.  The 
average  days  work  was  thus  535  lin.  ft.  or  179  sq.  yds.  The  cost  per  day  of 
equipment  include  interest  and  depreciation. 
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The  construction  cost  upon  the  Baltimore-Washington  Boulevard  for 
similar  work  but  using  the  ordinary  methods  was  $3.24  i)er  sq.  yd.  The 
largest  saving  was  in  handling  materials.  Mixing,  placing,  forms,  curing 
and  protection  on  the  Boulevard  cost  84  cts.  per  sq.  yd.,  while  the  same  opera- 
tions on  the  Belair  Road  cost  about  20  cts.  per  sq.  yd.  (The  average  haul  for 
the  entire  road  was  about  2H  miles,  and  the  costs  given  were  taken  for  an 
average  haul  of  3H  miles.  This  would  also  decrease  the  average  cost  per 
square  yard  in  place  for  the  entire  road.) 

Time  Cost  of  keinforced  Concrete  Pavement  Construction  at  Plymouth, 
Wis. — W.  G.  Kiichoffer  gives  the  following  in  Engineering  and  Contracting, 
Aug.  6,  1913.  . 

Description  of  Pavement. — The  pavement  was  40  ft.  wide  between  gutters, 
which  were  18  inches  wide  built  integral  with  the  curbs:  making  total  yrtdth 
of  roadway  between  curbs  43  ft.  The  base  of  the  pavement  was  a  6-in.  lajrer 
of  concrete  composed  of  1  part  of  cement,  3H  parts  of  sand  and  6  parts  of 
crushed  rock.  Upon  this  base  the  reinforcement  was  laid,  which  consisted 
of  American  Steel  Wire  &  Fence  Co.'s  woven  wire  mesh  No.  7.  This  was  laid 
in  strips  at  right  angles  to  the  direction  of  the  street  and  covered  the  entire 
surface  from  gutter  to  gutter. 

The  surface  or  wearing  coat  was  IH  ^^as.  in  thickness  and  was  placed  directly 
upon  the  fabric.  It  was  composed  of  IH  parts  of  crushed  granite  and  1  part 
of  cement.  The  crushed  granite  was  in  two  sizes;  H  to  ^  in.  and  yi  in. 
down  to  dust.  These  were  proportioned  so  as  to  make  the  most  dense 
mixture. 

The  surface  coat  was  troweled  smooth  after  being  brought  to  the  proper 
crown  by  a  screed.  It  was  then  sprinkled  with  dry  cement,  if  in  a  wet  condi- 
tion, after  which  the  surface  of  the  pavement  was  covered  with,  granite  chips 
ranging  in  size  from  H  to  ^  in.  These  were  cast  on  by  hand  or  with  a  shovel. 
Wherever  these  did  not  sink  into  the  surface  of  the  pavement,  they  were 
lightly  tamped  with  a  float  or  trowel. 

The  pavement  was  cut  up  into  squares  40  ft.  each  way  by  expansion  Joints. 
In  place  of  the  usual  joint  of  tar  or  asphaltiun,  1-in.  "pecky"  cypress  boards 
were  used.  These  were  8  ins.  wide  and  placed  along  each  gutter  and  every 
40  ft.  at  right  angles  to  the  street.  "  Pecky"  cypress  is  a  species  of  cypress 
that  has  the  appearance  of  being  worm  eaten  or  partially  rotten.  It  was 
adopted  because  of  its  durability. 

Methods  of  Constrtkction. — The  curb  and  gutter  were  constructed  previoiis 

to  the  excavation  for  the  pavement.    After  the  subgrade  has  been  completed 

and  rolled  for  a  distance  of  a  block  or  more,  the  laying  of  the  pavement  was 

legun.    The  cypress  boards  which  were  to  constitute  the  expansion  joints 

^re  used  as  an  outside  form  for  the  curb  and  gutter  and  as  templates  in  form- 

ig  the  crown  of  the  street,  thus  saving  the  use  of  considerable  lumber  as  well 

iS  time  in  placing  and  removing  it. 

The  base  concrete  was  laid  in  sections  40  ft.  square  and  enough  in  advaDoe 

if  the  wearing  coat  to  allow  the  cement  to  get  its  initial  set.    Then  the  rein- 

orcement  and  wearing  coat  were  placed  in  40-ft.  sections.    No  travel  was 

allowed  on  the  completed  work  for  a  period  of  10  days  after  laying  and  the 

surface  was  kept  moist  by  spraying  with  garden  hose. 

Time  to  Complete  Work. — Work  on  the  excavation  for  curb  and  gutter  was 
begun  May  25,  1910,  and  on  the  curb  and  gutter  proper  June  4  and  was  oom- 
plete  on  June  12,  a  total  of  25  working  days.  The  grading  for  the  pairement 
was  begun  June  13  and  the  laying  of  the  pavement  on  July  19.    The  entlrd 
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line  of  teams  (16  to  20  horses)  will  be  so  long  that  three  or  four  drivers  are 
necessary,  and  it  is  much  trouble  to  turn  the  line  around.  Second,  the  power 
from  this  line  of  teams  will  be  so  unsteady  that  it  is  very  hard  for  the  four 
plow  men  to  guide  the  rooter  or  plow.  The  following,  based  on  actual  work, 
is  the  cost  of  hard  rooting,  using  teams: 

Item—  Cost  per  day 

20  head,  rent  with  harness,  at  50  cts $10.00 

20  head,  feed  and  lodging,  at  50  cts 10.00 

4  teamsters,  at  $3.25 13. 00 

4  plow  men,  at  $2.75 11 .00 

Depreciation  on  equipment 0.32 

Sharpening  10  plow  points,  at  20  cts 1 .  00 

Supervision,  supt.  $1  and  foreman  SOcts 1.50 

Total $46. ea 

This  outfit  would  root  about  1,000  ft.  per  day,  and  the  cost  per  lineal  foot 
was  therefore  about  4.7  cts.  Compared  with  this,  an  18-ton  Kelly  Spring- 
field road  roller  would,  with  the  same  rooter  and  points,  but  with  only  three 
plow  men,  root  1,500  ft.  per  day  at  the  following  cost: . 

Item  Cost  per  day 

Roller,  including  depreciation $10.00 

Engineer 4.00 

Fuel,  oU,  grease 2 .  35 

Depreciation,  plow  and  points 0. 32 

Sharpening  13  plow  points,  at  10  cts 1 .  30 

Supervision,  supt.,  $1,  and  foreman,  50  cts 1 .  50 

3  plow  men  at  $3.75 8.25 

Total. $27.72 

Total  per  lineal  foot 1 .  85  cts 

• 

Comparison  of  the  two  statements  shows  in  favor  of  road  roller  rooting  a 
saving  of  2.83  cts.  per  lineal  foot,  or  $149.42  per  mile  of  road.  These  figures 
are  for  hard  rooting.  When  a  roadway  has  only  about  2  ins.  of  macadam  on 
the  surface  it  can  easily  be  rooted  with  twelve  head  of  horses  and  a  road  plow 
or  rooter  at  a  very  reasonable  cost,  as  shown  by  the  following  statement: 

Item  Cost  per  day 

12  head  rent  with  harness,  at  50  cts $  6.00 

12  head,  feed  and  lodging,  at  50  cts 6 .  00 

2  teamsters,  at  $3.25 6. 50 

3  plow  men  at  $2.75 8.26 

Depreciation  in  plow,  points,  etc 0.82 

Sharpening  15  points  at  10  cts 1 .  50 

Supervision,  supt.,  $1,  and  foreman,  50  cts 1 .  50 

Total $30.07 

Total  per  lineal  foot 1.67  ots 

• 

This  outfit  will  plow  1,800  ft.  per  day,  and  the  unit  cost  given  above  is 
based  on  this  output  of  work.  For  thin  macadam,  rooting  by  horses  is  the 
cheapest  method,  and  it  has  the  additional  advantage  that  the  travel  of  the 
horses  breaks  up  the  clods  from  the  plow.  When  a  rooter  is  used  for  rooting 
it  is  generally  the  practice  to  run  a  6-horse  plow  back  and  forth  through  the 
material  until  all  the  larger  lumps  are  broken,  and  it  is  in  shape  for  the  road 
graders  and  fresnoes  to  handle  readily.  The  dUTerenoe  in  hardness  of  the 
macadam  will  not  affect  the  output  of  the  steam  roller,  because  the  roller  has  a 
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of  work  it  was  found  that  a  natural  fiT&vel  pit  pxiHted  at  Healdsburg  and  that 
tlie  company  operating  tiiis  pit  had  facilities  for  furnishing  promptly  this 
gravel  in  any  quantity  demanded  by  the  worlc.  The  gravel  was  ezoeptioiuiUy 
ciean  washed  gravel,  well  graded  and  dense.  Gravel  was,  therefore,  sub- 
Htituted  for  broken  stone.  It  cost  delivered  to  any  railway  siding  along 
the  work  72  cts.  per  cubic  yard.  The  average  liaul  from  railway  to  the  work 
was  IH  niiles,  and  the  cost  of  hauling  was  63  cts.  per  cubic  yard,  or  41  cts. 
per  yard  mile.  This  cost  of  haul  seems  high,  but  it  is  accounted  for  by  the 
weight  of  the  gravel,  3,300  lbs.  i^r  cubic  yard,  and  by  the  fact  that  crooked 
roads  prevented  liaulage  In  wagon  train  by  traction  engines  and  made  team 
hauling  necessary. 

Using  this  gravel  and  a  1 :  Q  mixture,  it  was  determined  that  90  sacks  of 
cement  would  make  100  ft.  of  15  ft.  by  4  in.  pavement.  The  plan  adopted 
was  to  pile  the  grravel  continuously  along  the  middle  of  the  subgrade  and  place 
the  cement  in  four-suck  piles  spaced  4  ft.  apart.  A  cleat  was  riTeted  to 
the  inside  of  the  mixer  charging  hopper  to  indicate  a  two-sack  batch  of  1 : 6 
mix.  Six  men  using  square-pointed  Hhovels  charged  the  gravel  and  one 
man  charged  the  cement.  Golden  Gate  cement  in  cloth  bags  was  used; 
paper  sacks  broke  easily  and  carried  water,  and  also  the  fog  loosened  the  paste, 
letting  the  sacks  open  and  admit  dami)ness. 

The  mixer  traveled  on  3  ft.  X  3  in.  redwood  sills,  which  could  be  shifted 
easily  and  often  enough  to  guide  the  mixer  well.  This  runway  was  located 
midway  between  side  fonns,  which  shifted  the  discharge  chute  slightly  off 
center,  but  not  enough  to  inconvenience  the  concreiers.  As  tlie  mixer  was 
operated  some  l^i  days  behind  the  Hubgrade  finishing  crew,  the  subgrade 
surface  had  opportunity  to  dry  out,  and  consequently  it  was  wetted  down 
ahead  of  the  concrete  laying,  so  that  moisture  would  not  be  sucked  by  the 
soil  from  the  concrete. 

The  concrete  was  distributed  by  ttie  chute,  and  also  shoveled  against  the 
side  forms,  special  care  being  taken  to  well  spade  and  dump  the  concrete 
against  the  forms,  so  as  to  ensure  an  exceptionally  dense  and  strong  concrete 
next  the  shoulders,  where  severest  wear  comes.  No  expansion  Joints  were 
used. 

Hy  leaving  out  the  expansion  joints  and  letting  the  expansion  of  the  pave- 
ment  itself  break  the  pavement,  we  have  the  maximum  of  this  pavement 
in  the  largest  i)ossible  .slabs.  Now,  after  cleaning  the  concrete  slab  for  the 
application  of  the  wearing  surfac<^  specially  clean  these  cracks  and  pour  hot 
or  heavy  asphaltic  rood  oil  into  them;  this  will  form  a  perfect  ezpanslcm  Joint. 

The  cost  of  the  concreti>.  base  laid  as  outlined  above  was  as  follows: 

Itoin  Cost  per  day 

1  foreman  at  $4 $  4 .  00 

1  (tnKincman  at  $3 3. 00 

10  shovelers  at  $2.75 27 .  60 

1  coinont  man  at  $2.75 2.75 

2  finishors  at  S3 6.00 

Depreciation  of  plant  an<l  tooJH 9 .  00 

Cost  of  wotcr 6 .  18 

Total •     $67.38 

The  average  daily  run  of  concrcite  pavement  was  660  lin.  ft.,  or  101.86  cu. 
yds.    The  above  statement  of  costs  is  a  statement  of  costs  with  concrete 
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A  fourth  plan  was  finally  devised  which  eliminated  most  of  the  faults  d  pre- 
ceding plans.  First,  levees  were  built  along  the  edges  and  over  the  side  forms 
In  such  position  that  about  one-third  the  width  of  the  embankment  fell  inside 
the  form  board  and  over  the  concrete.  These  side  levees  were  built  high 
enough  to  hold  a  depth  of  water  of  2  ins.  over  the  crown  of  the  slab.  At  suit- 
able intervals  depending  upon  the  grade,  cross  levees  connecting  the  side 
levees  were  built.  These  levees  divided  the  pavement  into  a  series  of  basins 
which  could  be  filled  with  water.  On  superelevated  curves  in  addition  to 
cross  levees  a  number  of  parallel  longitudinal  levees  were  built. 

Referring  to  some  of  the  details  noted  above:  The  purpose  of  building  the 
side  levees  two-thirds  outside  the  side  forms  is  two-fold:  First,  about  one- 
third  the  width  of  the  levee  becomes  saturated  and  this  third  is  over  the 
concrete  slab  which  requires  wetting.  Second,  the  form  boards  can  be  lifted 
out  for  reuse  leading  two-thirds  of  the  levee  intact  to  maintain  the  reservoir. 
Besides  being  required  for  hydraulic  reasons  the  division  by  cross  levees  into 
small  basins  serves  the  purpose  of  confining  loss  of  water  by  a  levee^break  to  a 
small  area  of  pavement;  restoration  is  also  thus  facilitated.  Also  in  construc- 
tion the  workman  can  let  one  basin  be  filling  while  he  is  building  the  succeed- 
ing levees. 

This  method  of  watering  concrete  pavement  had  the  following  advantages 
over  the  second  described  and  next  most  successful  method:  (1)  It  required 
less  labor  to  construct  cross  levees  than  to  cover  the  slab  all  over  with  2  Ins.  of 
earth;  (2)  the  wetted  black  earth  covering  suffers  greater  loss  by  evaporation 
than  does  the  heat  refiecting  water  surface;  (3)  all  the  pavement  is  water 
covered  while  an  earth  covering  may  dry  out  in  spots  and  absorb  water  from 
the  concrete;  (4)  all  work  is  done  at  night  when  water  is  needed  for  no  other 
purpose,  while  an  earth  covering  has  to  be  sprinkled  continuously;  (5)  one 
filling  of  the  basins  suffices  for  the  total  curing  while  an  earth  covering  has  to 
be  wetted  frequently;  (6)  the  levees  sufiioe  as  barriers  notifying  drivers  not  to 
cross  the  work,  while  with  earth  covering  separate  barriers  are  necessary; 
(7)  the  filling  of  the  basins,  however,  must  be  more  carefully  done  so  as  not  to 
wash  the  concrete  than  when  earth  covering  is  used;  the  best  method  is 
to  let  the  hose  stream  run  on  a  sack  laid  on  the  pavement. 

The  cost  of  curing  concrete  pavement  by  the  methods  described  axe  given 
by  Table  XXVII;  in  this  table  method  three  being  considered  not  practical 
is  omitted,  also  its  cost  is  about  the  same  as  that  for  method  one.  It  is  sem 
from  Table  XXVII,  that  method  four  is  far  the  cheapest. 

Table  XXVII. — Cost  of  Curing  Concrete  Pavbmsnt 

Method  Method  Method 

No.  1  No.  2  No.  4 

1  man  at  $2.75  per  day S  2.75  $2.75 

Men  at  $2.50  per  day $12.50  17.50  10.00 

Depreciation,  shovels,  etc 0.40  0.80  0.65 

Coat  of  water 6.13  6.18  6.18 

Supervision,  supt.  &  foreman 1.60  1.50  1.50 

Total  cost  Ist  day $20.03  $28.68  $20.68 

Lineal  feet  covered 800  650  650 

Cost  per  lin.  ft.,  Ist  day $0,067  $0,052  $0,087 

Cost  of  each  consecutive  day 0.067  0.052  0.005 

Total  cost  of  curing.  7  days,  per  lin.f  t.  pavement  0. 469  0. 364  0. 087 

The  side  form  boards  were  removed  seven  days  after  placing  the  ooncrete; 
this  work  cost  about  1  ct.  per  lineal  foot  of  pavement.    The  earth  lereet  wwe 
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oa  which  he  stood.  One  wvon  with  bod;  removed,  one  teemattr  ami  tvo 
tora  were  kept  busy  tiUdiig  out  plonk*  after  ttw  mlxsr  had  paand  tmx  and 
before  they  were  covered  with  concrete,  and  haullnx  than  ahead  and  pladng 
them  tor  additional  material  u  the  work  progreesed.  One  man  put  in  and 
iDBlntiiJiicd  the  header  boards  which  limited  tlie  edge  at  the  paremmt  and 
anotho-  waa  kept  busy  between  grading  and  cleaning  up  In  the  wake  of  lite 
mlier  and  In  driving  stakes  to  the  grade  of  tbe  flnlabed  surface  of  tha  stnet; 
this  waa  done  bjr  meaauring  up  from  the  tops  ol  stake*  pmvlouair  dil*eB  below 


aubgrade,  all  stakea  having  been  driven  the  same  distance  bdow  Oitiihed 
Krade,  One  man  attended  !□  the  discharging  spout  and  three  men  tolereltlls 
und  working  the  concrete  to  place  3  in.  beiuw  the  Bnlahedaurtaa  of  the  street 
Three  men  took  care  □[  thia  end  when  the  street  waa  21  ft.  wide  or  nanower  but 
more  men  were  neceiisary  In  laying  a  wider  pavement,  sli  being  iiimiMaij  on  a 
M>-ft,  street,  the  cont  having  been  observed  on  a  24-tt.  section.  One  mao 
followed  up  after  concri^  was  fairly  hard  and  rou^ieaed  the  surfwa  of  tba 


aOADS  AND 

«  with  »  tlluigular  stunp  ll 
be  bIbo  put  up  burieiB  aad  w 
3,000  an.  n.  of  S-ln.  base  woi 
]ouDt8to241  cu.  yd.  for  the  di 
atlau  Bud  cost  Bummariied  la 


1  chMlter  Bt  13 

IcL  helper  St  t2.2G 

14  teams  uid  driven  at  ffi. . . 

6  roek  men  at  t2.7G 

3  sand  men  at  (2.76 

I  Mment  helper  at  (2.80 — 
1  header,  boarde.  at  S2.S0. . 
1  team,  driver  aod  helper  at 

1  plank  man  at  S2.fi0 

I  stake  man  at  tS.EO . 

I  ipout  man  at  S2.S0 

SleTelinaatSZ.SO 

1  tamp  aod  water  at  (200. . 

Total  labor 

241  eu.  yd 

Total  labor  eielunve 


idurire  of  hai 


dii«ram.  Fig.  13.  ihows  distrl 
LpaialiTe  Coil  of  Concrellni  Pi 
Satcb  HacUne,  ContiiiDaue  li 
giveii  by  B.  OBuamaim.  formf 
t  Company.  New  York,  in  E 

led  under  car  operatloo.  with  machines  outside  tbe  (racks,  or 
lachinee  of  larger  capacity. 

freight  rates  for  hauling  machines  to  and  trotn  work  are  in  aOCOldsiiee 
ates  approved  by  Ibe  Public  Service  Commlaslon  ol  the  Btate  Of  N«w 

neat,  cost  of  trackage  aod  overhead  line  rights  and  offloe  expenses  of  tbe 
:  department.  These  rates  vary  according  to  the  length  <^  baul,  the 
I  given  being  for  an  average  haul.  This  haulage  cost  wouM  be  con- 
bly  reduced  where  the  track  department  does  Its  own  haodUng  of 
lal,  etc.,  and  where  only  the  wages  of  crews  are  charged  SBalDSt  It  Instead 
ing  the  freight  department  make  a  general  charge  per  car-mile. 
(  Kilh  Balth  jWiin-,— The  batch  mixer,  for  which  the  foUovrtng  easts  for 
lion  are  given,  is  of  0.5  cu.  yd.  capacity.  It  can  be  bought  for  (1300, 
ted  oo  a  car,  and  is  electrically  operated  as  to  mlillis  onlf,  BO  tbBt  it 
be  hauled  to  and  from  the  work  daily. 

number  of  men  employed  and  their  rates  per  hour  in  operating  a  mk- 
of  this  character  are:  One  asBistant  foreman.  2G  cents:  one  aperattH', 
ate:  tour  laborers.  20  cents:  six  laborers,  IS  Cents:  fourteen  iBlMrers, 
its;onecheckerof  time  and  material.  IG  cents,  or  ■  total  cost  of  •47.70 
e  day  of  ten  hours.    This  cost  is  distributed  to  the  vuious  ofrntiOoM 
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Cost  Pbb  Day  for  Gang  on  Onb  Batch  Machinb 

Operation  of  the  machine $2. 50 

Watching  mix  and  dumping 4 .  25 

Handling  material  to  the  machine 13. 50 

Removing  and  placing  the  track 22 .  10 

Ramming  and  tamping  under  the  rail 3. 85 

Checking 1 .  50 

Total ;  . . .  $47.70 

Add  other  charges: 

Overtime  for  cleaning $  0 .  90 

Interest  on  investment .58 

Freight  to  and  from  work 6. 25 

Lubricants,  repairs  and  incidentals 2 .  33 

$10.06 

Total $57.76 

A  gang  of  this  size  will  avera^  in  a  ten-hour  day  approximately  675  ft.  of 
single  track  with  concrete  7  in.  deep.  The  area,  with  6  X  8-in.  X  S-tt.  ties 
spaced  2  ft.  center  to  center  is  equal  to  94.22  cu.  yd.,  making  the  unit  cost 
$0,613  per  cubid  yard,  exclusive  of  material. 

Cost  with  Continuous  Mixer. — A  good  continuous  mixer  Of  a  standard 
make  can  be  purchased  for  $560.  Although  such  mixers  are  supplied  on 
wheels  for  use  at  the  side  of  the  track,  a  good  car  with  old  pony  wheels  and  a 
wooden  frame  can  be  made  for  approximately  $30,  thus  bringing  the  total 
cost  to  less  than  $590.  This  cost  is  for  a  gasoline-operated  machine,  but  an 
electrically  operated  one  is  preferable.  Provided  an  old  motor  is  obtainable, 
the  first  cost  will  vary  but  little  from  gasoline,  whereas  the  cost  of  operation 
will  be  less. 

As  a  machine  of  ttiis  kind  is  easily  derailed  it  need  not  be  removed  from  the 
street  daily,  and  can  be  left  on  the  work  continuously  ready  for  use  at  any 
time,  with  no  outlay  for  freight  charges  until  it  is  required  at  other  points. 

The  number  of  men  employed,  and  their  rates  per  hour.  In  operating  one  of 
these  machines  are:  One  assistant  foreman,  25  cents;  one  operator,  2& cents; 
two  laborers,  20  cents;  three  laborers,  18  cents;  eight  laborers,  16  cents;  (Mm 
checker  of  time  and  material,  15  cents,  or  a  total  cost  of  $28.70  for  a  ten-hour 
day.    This  cost  is  distributed  to  the  various  operations  as  follows: 

Cost  Peb  Day  for  Gang  on  Continuous  Mdcbb 

Operation  of  machine $  2. 60 

Handling  material  to  machine 10. 20 

Distributing  in  track 12. 10 

Ramming  and  tamping  under  rail 2 .  40 

Checking 1 .  60 

$28.70 

Add  other  charges: 

Overtime  for  cleaning $  0. 50 

Interest  on  investment .26 

Freight  to  and  from  work 1 .  26 

Gasoline,  oil  and  repairs 2 .  25 

$  4.26 

Total $82.06 

This  gang  will  average  430  ft.  of  single  track  per  ten*hour  day,  with  eon- 
crete  7  in.  deep.     This  area,  with  6  X  8-in.  X  8-ft.  ties  spaced  2  ft.  oantar  to 
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6  by  12  in.  were  placed  under  the  side  braces  at  intervals  of  4  ft.,  to  facilitate 
handling.    Eight  of  these  supports  were  made  in  units  25  ft.  long. 
The  cost  of  200  lin.  ft.  of  the  supports  was: 

Lumber,  1,500  ft.  B.  M.  at  $60 $  75.00 

Wire,  nails,  etc 3. 00 

Labor,  3  men,  2  days,  at  $4 24 .  00 

Total  (200  lin.  ft.  at  51  cto.) $102.00 

The  frame  was  devised  by  G.  J.  Lynch  of  Reagon  &  Lynch,  Ckmtractors 
Uniontown,  Pa.,  and  was  used  on  the  construction  of  a  portion  of  State  High- 
way Route  No.  116,  near  Smithfield,  Pa.     Mr.  Lynch  gives  the  following 
figures  showing  the  cost  of  shifting  the  canvas: 

Eight  men  and  one  foreman  woridng  one  hour  were  necessary  to  shift  200  ft. 
of  canvas  until  these  supporting  frames  had  been  devised.  Now  the  same 
work  is  accomplished  in  15  minutes.  The  covering  is  moved  three  times  a 
day.  The  following  table  gives  comparative  costs  between  old  and  sew 
methods: 

* 

Coet  of  shifting  canvas  without  supports: 

8  men,  3  hours,  at  40  cts $  9. 60 

1  foreman,  3  hours,  at  60  cts 1 .80 

total $11.40 

Average  daily  yardase 600 

Unit  coet  per  sq.  yd 1.9  et. 

Coet  of  shiftinff  canvas  with  suppcnts: 

8  men.  ^hour,  at  40  cts $  2.40 

1  foreman,  ^  hour,  at  50  cts .46 

Total $  2.85 

Unit  coet  per  sq.  yd 0.475  ots. 

Cost  of  Removing  Old  Concrete  Pavement. — The  following  data  are  based 
on  an  article  published  in  Engineering  and  Contracting,  May  3,  1916. 

A  length  of  410  ft.  of  concrete  pavement  constructed  in  1913  as  a  porticm  of 
what  is  known  as  the  Byberry  and  Bensalem  Service  Test  Road  was  in  1915' 
removed  because  of  rapid  wear  and  replaced  by  new  concrete.  The  original 
pavement  was  5  in.  thick  of  1:3:6  concrete.  The  amount  of  pavement 
removed  was  792  sq.  yd.  or  110  cu.  yd.  It  was  removed  by  hand  usiiig  ban 
and  sledges.  The  cost  of  removal  was  29.67  cts.  per  square  yard  or  about  $2.08 
per  cubic  yard.  The  labor  cost  of  reconstructing  this  pavement  was  21.46  cts. 
per  sq.  yd.,  thus  the  cost  of  removing  the  old  concrete  cost  about  38.2  per 
cent  more  than  the  labor  cost  of  a  new  pavement. 

Cost  of  Redressing  Granite-Blocks  for  Pavements. — The  fc^owing  data, 
published  in  Engineering  and  Contracting,  Oct.  14,  1914,  are  taken  from  a 
discussion  of  the  use  of  blocks  from  old  granite  block  pavements  by  Wm.  A. 
Howell  before  the  American  Society  of  Municipal  Improvements. 

The  old  blocks  used  on  the  1914  jobs  in  Newark  range  in  length  fcorn  10  to 
14  ins. 

A  blockmaker  can  in  a  day's  work  of  8  hrs.  nap  and  redip  175  lazge  Moda 
into  350  small  ones.  It  costs  the  contractor  $1 5.00  per  thousand  for  the  smaU 
blocks,  or  $30.00  per  thousand  for  the  large  ones.  These  blocks  nm  21  to  tbs 
square  yard,  or  42  to  the  yard  for  the  small  ones. 
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value  of  grout  Joint  filler  tor  granil 
led   with  great    dllterence    of   opinl 
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employed  and  tbis  discussion  considers  only  that  fact  in  presenting  methods 
and  costs  oi  grouting.  As  no  general  and  much  less  no  standard  practice  has 
been  determined,  information  is  best  given  by  citing  individual  examples. 
These  do  not  cover  all  places  in  which  grouted  granite  block  paving 
is  employed  but  they  fairly  represent  grouting  practice. 

Latprence,  Mass. — The  method  of  grouting  is  as  follows:  After  the  blocks, 
3H  to  4  ins.  wide,  7  to  8  ins.  deep  and  11  to  13  ins.  long  are  set,  they  are 
stiffened  in  place  by  ramming  with  a  small  amoimt  of  pea  gravel,  perhaps 
an  inch  in  depth,  in  the  joints.  The  grout  is  a  1  cement  and  1  sand  mixture 
and  is  mixed  in  iron  boxes  designed  and  patented  by  Paul  Hannagan,  Director 
of  Engineering.  When  thoroughly  mixed,  the  grout  is  discharged  onto  the 
pavement  and  then  broomed  grout  is  removed  from  the  tops  of  the  blocks. 
In  a  test  made  in  1912,  it  was  found  that  0.108  bbl.  of  cement  was  used  per 
square  yard  of  pavement.  The  cement  cost  $1.08  per  barrel;  -pea,  gravel  cost 
about  $2.30  per  cubic  yard  and  sand  cost  $1.00  per  cubic  yard.  With  wages 
at  $2.25  per  day,  the  labor  cost  of  grouting  was  6.4  cts.  per  square  yard  of 
pavement;  the  total  cost  per  square  yard  was  26H  cts*  Data  reported  by 
City  Engineer  Arthur  D.  Marble. 

Lowellt  Maw. — This  city  has  about  SH  miles  of  grouted  granite  block 
pavement  on  concrete  base.  The  average  cost  of  grouting  joints  is  24H  cts. 
per  square  yard.  The  amount  of  material  per  square  yard  of  4H  ins.  deep 
blocks  is  0.295  bags  sand  and  the  same  volume  of  cement.  The  essentials  for 
securing  good  grouted  granite  block  pavement  are  stated  as  follows: 

1.  Have  sub-grade  well  rolled  and  all  soft  places  eliminated;  6  ins.  of 
crushed  stone  spread  over  the  sub-grade  and  rolled  to  a  true  crown;  mixture 
for  foundation,  4  parts  sand  and  1  part  cement. 

2.  Sand  to  a  uniform  thickness  of  2  ins.  should  be  spread  over  the 
foundation. 

3.  The  blocks,  after  careful  cuUing,  should  be  well  rammed  and  at  the  same 
time  pea  stone  should  be  broomed  into  the  joints. 

4.  For  the  grouting,  be  sure  the  cement  is  good  and  the  sand  clean  aDd 
sharp.    A  small  percentage  of  clay  is  good  to  use  as  a  binder. 

5.  Be  careful  to  use  the  correct  proportions  of  sand  and  cement.  Use  1 
part  cement  and  1  part  sand  for  mixture. 

6.  If  a  mixing  machine  is  not  used,  keep  the  mixtiure  constantly  agitated  in 
the  box.  Remove  the  grout  from  the  box  with  scoop  shovels.  Never  dump 
the  contents  of  the  box  upon  the  street.  Whenever  this  is  done  there  will  be  a 
bare  spot  in  the  grouting. 

7.  Wet  blocks  thoroughly  before  applying  grout. 

8.  As  the  grout  is  poured  upon  the  blocks  throw  in  pea  stone  and  broom  H 
into  the  grout,  bringing  the  whole  to  an  even  smooth  surface. 

9.  Never  do  any  grouting  during  cold  or  frosty  weather.  Good  reaulta  can 
seldom  be  obtained  after  Nov.  15  in  New  England. 

10.  If  the  grouting  is  done  during  very  hot  weather*  precautions  should  be 
taken  to  keep  grout  moist.  This  can  be  done  if  the  weather  is  extremely  hot 
by  covering  it  inunediately  with  H  in.  of  sand  and  frequently  sprinkling  with 
water. 

11.  Do  not  allow  any  traffic  upon  pavement  for  at  least  seven  days  after 
grouting. 

12.  For  best  results  use  a  medium  soft  granite,  similar  to  New  Hampshire 
granite. 

13.  If  old  blocks  are  used,  see  that  they  are  thoroughly  deaiied  befovB 
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ine  ol  this  size  will  grout  ut  least  1,100  sq.  yds.  per  daf,  it  the  followiiic 

10  Uboteis  S  hn.  each— SO  hte.  at  20  ctB.  per  hr f  tA-OO.. 

1  fOHlBBn 4.00 

107  bbli.  tement  at  11.10  per  bbl 117.70 

le  cu.  yds.  sand  at  tl  per  cu.  yd 14.00 

1153.70 
ludiog  malecial  and  labor,  this  is  a  coat  per  aqiutre  rud  of  U.9  oU.  «t 
1.  The  coat  o(  labor  per  squaie  yard  with  inactilne  lor  s  tot^  <rf  mar 
sq.  yds.  has  beeo  on  an  uveroge  ot  lO.OlS  compared  to  tO.OGCS  tv  tUDd 
^avioe  ot  over  3H  els.  per  square  yard.  For  toll  4-la.  joinu  without 
tone  it  requires  0.4  bag  cement  and  same  amount  saod  (l  ta  1  ndiVpar 
e  yard  ot  pavement.    Data  reported   by   Fiutk  B-  liMMCur,.  CMy 

St    of  a  Wood-Block  PaTement.  CambridES,  Ha».~L,  M.  Hartbiff 

the  tollowing  mailer  in  Engineering  News.  May  31,  1B14.  The  ivdik 
sted  in  repairing  with  wood  block  having  cement  grouted  JnUta  a  panlfm 
asaachuaetts  Ave.,  and  was  done  in  1912  and  1DI3.  ,  i 

■e. — The  base  was  formed  ot  S  in.  ol  cement  con  crate.  ndsul'tifriBackliie 
2M:  5  proportions.     Bank  sand  and  power-scteened  gisvel^M 

tor   aggregatea,  the  gravel  being  of  excelknt  q 
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on  whicb  he  stood.  One  wacoti  witb  bod;  removed,  one  teaawter  aiid  two 
neii  were  kept  bua;  taking  out  planka  after  the  mber  had  pawed  orer  and 
txAne  they  were  covered  with  concrete,  and  hauling  them  ahead  and  placing 
than  for  additional  material  as  the  work  proKiessed.  One  man  put  In  and 
maintained  the  header  boards  which  limited  the  edge  at  the  pavement  u>l 
anotha  was  kept  busr  between  grading  and  cleaning  up  In  the  wake  of  the 
mlier  and  in  driving  stakes  to  tlie  grade  of  the  flnlsbed  surface  of  tba  atnet; 
this  was  done  bj  measuring  up  from  the  tops  of  st^ea  prevlousl;  driven  below 


— Diagram  of  gans  fw 


lubgrade,  all  stakes  having  been  driven  the  same  distance  bdow  llalahed 
grade.  One  man  attended  to  [be  discharglEig  spout  and  three  men  to  leveliBg 
and  working  the  concrete  to  place  3  Ln.  below  tlie  BnlBhed  suif  aoe  of  the  street. 
Three  men  took  care  of  this  end  when  the  street  was  24  fl.  wide  or  narniwei  but 
more  men  were  necessary  In  laying  a  wider  pavement,  ali  being  necmiaiy  on  ■ 
GO-ft.  street,  the  cost  having  been  observed  on  a  24-ft,  sectkHL  One  man 
toUowed  up  after  concrete  was  fairly  hard  and  loughoied  tbe  niifaoe  at  the 
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rate  with  a  triangular  stamp  in  order  to  give  a  better  bond  with  the 
er;  he  also  put  up  barriers  and  wet  down  the  concrete.  In  eight  working 
B  13,000  sq.  ft.  of  6-in.  base  was  laid  with  this  mixer  and  organization, 
amounts  to  241  cu.  yd.  for  the  day  and  to  1  cu.  yd.  every  2  minutes.  The 
nization  and  cost  summarized  is  as  follows: 


1  foreman  at  $4 $    4.00 

1  engineer  at  $3.50 3.50 

1  checlcer  at  $3 3.00 

1  cL  helper  at  $2.25 2.25 

14  teams  and  drivers  at  $5 70.00 

6  rock  men  at  $2.75 16.60 

3  sand  men  at  $2.75 8. 25 

1  cement  man  at  $2.75 2. 75 

1  cement  helper  at  $2.50 2. 50 

1  header,  boards,  at  $2.50 2.50 

1  team,  driver  and  helper  at  $7.50 7 .  50 

1  plank  man  at  $2.50 2. 50 

1  stake  man  at  $2.50 2. 50 

1  spout  man  at  $2.50 2. 50 

3  leveling  at  $2.50 7. 50 

1  tamp  and  water  at  $200 2 .  00 

Total  labor $139.75 

241  cu.  yd Per  cu.  yd.  0. 58 

Total  labor  exclusive  of  haulinjB  material  to  site 69 .  75 

Total  labor  exclusive  of  hauling  material  to  site.  Per 

cu.yd 0.29 


tie  diagram,  Fig.  13,  shows  distribution  of  organization  about  the  mixer. 
imparative  Cost  of  Concreting  Pavement  of  Street  Railway  Right  of  Way, 
ig  Batch  Machine,  Continuous  Mixer  and  Hand  Mixing. — ^The  following 
3,  given  by  S.  Oausmann,  formerly  Roadmaster  of  the  Brooldyn  Rapid 
isit  Company,  New  York,  in  Engineering  Record,  April  10,  1915,  are 
d  on  doing  work  with  no  car  interference.  These  costs  will  be  somewhat 
Baaed  under  car  operation,  with  madiines  outside  the  trades,  or  decreased 
I  machines  of  larger  capacity. 

he  freight  rates  for  hauling  machines  to  and  from  work  are  in  accordance 
I  rates  approved  by  the  Public  Service  Commission  of  the  State  of  New 
k.  First  District,  and  include  the  total  cost  of  maintenance  of  the  car 
pment^  cost  of  trackage  and  overhead  line  rights  and  office  expenses  of  the 
^t  department.  These  rates  vary  according  to  the  length  of  haul,  the 
res  given  being  for  an  average  haul.  This  haulage  cost  would  be  con- 
rably  reduced  where  the  track  department  does  its  own  handling  of 
erial,  etc.,  and  where  only  the  wages  of  crews  are  charged  against  it  instead  ■  i  ; 

aving  the  freight  department  make  a  general  charge  per  car-mile.  | 

ott  wiUi  Botch  Mixer. — The  batch  mixer,  for  which  the  following  costs  for  j  {  , 

rati<m  are  given,  is  of  0.5  cu.  yd.  capacity.    It  can  be  bought  for  $1300,  !  \ 

mted  on  a  car,  and  is  electrically  operated  as  to  mixing  only,  so  that  it  ^   ;  i 

It  be  hauled  to  and  from  the  work  daily. 

he  numb^  of  men  employed  and  their  rates  per  hour  in  operating  a  ma- 
le of  this  character  are:  One  assistant  foreman,  25  cents;  one  operator. 
Dents;  four  laborers,  20  cents;  six  laborers,  18  cents;  fourteen  laborers, 
ients;  one  checker  of  time  and  material,  15  cents,  or  a  total  cost  of  $47.70  i 

sue  day  of  ten  hours.  This  cost  is  distributed  to  the  various  operations 
IoHowb: 
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Cost  Pxk  Day  for  Gang  on  Onb  Batch  MACiuNa 

Operation  of  the  machine $  2. 50 

Watohing  mix  and  dumping 4. 26 

Handling  material  to  the  machine 13. 60 

Removing  and  placing  the  track 22. 10 

Ramming  and  tamping  under  the  rail 3 .  85 

Checking 1 .  60 

Total $47.70 

Add  other  charges: 

Overtime  for  cleaning $0.90 

Interest  on  investment .58 

Freight  to  and  from  work 6. 25 

Lubricants,  repairs  and  incidentals 2.33 

$10.06 

Total $57.76 

A  gang  of  this  size  will  average  in  a  ten-hour  day  approximately  676  ft.  of 
single  track  with  concrete  7  in.  deep.  The  area,  with  6  X  8-in.  X  8-ft.  ties 
spaced  2  ft.  center  to  center  is  equal  to  94.22  cu.  yd.,  making  the  unit  cott 
$0,613  per  cubid  yard,  exclusive  of  material. 

Coat  with  Conttnuoua  Mixer. — A  good  continuous  mixer  Of  a  Standard 
make  can  be  purchased  for  $560.  Although  such  mixers  are  suivplied  on 
wheels  for  use  at  the  side  of  the  track,  a  good  car  with  old  pony  wbeels  and  a 
wooden  frame  can  be  made  for  approximately  $30,  thus  bringing  the  total 
cost  to  less  than  $590.  This  cost  is  for  a  gasoline-operated  machine,  but  an 
electrically  operated  one  is  preferable.  Provided  an  old  motor  is  obtainable, 
the  first  cost  wiU  vary  but  little  from  gasoline,  whereas  the  cost  of  operation 
will  be  less. 

As  a  machine  of  tliis  kind  is  easily  derailed  it  need  not  be  removed  from  tbe 
street  daily,  and  can  be  left  on  the  work  continuously  ready  for  use  at  any 
time,  with  no  outlay  for  freight  charges  until  it  is  required  at  other  points. 

The  number  of  men  employed,  and  their  rates  per  hour,  in  operating  one  of 
these  machines  are:  One  assistant  foreman,  25  cents;  one  operator,  26 cents; 
two  laborers,  20  cents;  three  laborers,  18  cents;  eight  laborers,  16  omts;  one 
checker  of  time  and  material,  15  cents,  or  a  total  cost  of  $28.70  for  a  ten-hour 
day.    This  cost  is  distributed  to  the  various  operations  as  foUows: 

Cost  Pkb  Day  for  Gang  on  Continuous  Mzxbb 

Operation  of  machine $  2. 50 

Handling  material  to  machine 10.20 

Distributing  in  track 12. 10 

Ramming  and  tamping  under  rail  2.40 

Checking 1 .  50 

$28.70 

Add  other  charges: 

Overtime  for  cleaning $0.50 

Interest  on  investment .26 

Freight  to  and  from  work 1 .  25 

GasoUne,  oil  and  repairs 2. 25 

$  4.26 

Total $32.96 

This  gang  will  average  480  ft.  of  single  track  per  ten>hour  day,  wHh  oon- 
crete  7  in.  deep.     This  area,  with  6  X  8-in.  X  8-ft.  ties  spaced  2  ft.  center' to 
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center  is  equivalent  to  60.054  cu.  yd.,  making  the  unit  cost  f0.648S  per  cubic 
yard,  exclusive  of  material. 

Mixing  by  Hand. — Of  course,  in  mixing  by  hand  the  number  of  men  em- 
ployed may  vary,  but  for  an  illustration  we  may  assume  that  as  many  are 
employed  as  on  the  continuous  mixer,  exclusive  of  the  operator.  The  cost 
then  would  be  distributed  to  the  various  operations  as  follows: 

Mixing  by  Hand 

Distributing  material  and  mixing $10. 50 

Distributing  in  the  track 11 .  80 

Ramming  and  tamping  under  the  rail 2.40 

Checking ,       1.60 

'     $20.20 

This  number  of  men  in  a  ten-hour  day  will  average  225  ft.  of  single  track 
with  concrete  7  in.  deep  which,  with  6  X  8-in.  X  8-ft.  ties  spaced  2  ft.  center 
to  center,  amounts  to  32.77  cu.  yd.,  equivalent  to  a  unit  cost  of  80  cents  per 
cubic  yard. 

The  foregoing  figures  were  obtained  from  many  years'  experience  In  this 
line  and  from  carefully  collected  data.  While  they  may  not  apply  to  all 
locations,  the  costs  can  be  easily  adjusted  to  meet  any  conditions  from  the 
information  given. 

Portable  Frame  for  Canvas  Covering  for  Concrete  Road  Construction 
(Engineering  and  Contracting,  Dec.  3,  1919). — A  simple  portable  frame  for 
supporting  the  canvas  covering  used  in  concrete  road  construction  before  the 
earth  protection  is  applied  is  described  in  a  recent  issue  of  The  Concrete 
Highway  Magazine.    Details  of  the  arrangement  are  shown  in  Fig.  14. 
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Via.  14. — Cross  section  showing  construction  of  frames  and  methods  of  support- 
ing them  on  side  forms. 

A  sawliorse  of  the  required  height  was  set  up  in  the  center  of  a  completed 
section  of  concrete  road  and  1  by  4-in.  transverse  members  laid  across  it. 
The  ends  were  then  bent  4own  until  they  touched  the  side  forms  and  nailed  to 
2  by  6-ln.  longitudinal  runners.  A  1  by  4-in.  continuous  strip  was  nailed  to 
the  truss  members  at  the  top  so  as  to  hold  them  rigidly  and  uniformly  spfl^oed. 

The  lower  or  horizontal  wire  was  attached  to  one  side  by  winding  it  around 
a  cieat  securely  nailed  in  place.  In  order  to  spring  the  other  side  into  position, 
a  crowbar  was  used.  The  wire  was  wrapped  around  a  cleat  and  then  attached 
to  the  bar,  which  was  used  as  a  lever  until  the  wire  was  taut  enough  and  the 
deat  had  been  nailed  down.  This  was  continued  until  all  horizontal  wires  had 
been  placed.  Additional  strength  and  rigidity  were  obtained  by  connecting 
the  crown  of  the  truss  with  the  horizontal  wire  by  a  vertical  wire.    Cleats  2  by 
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Blocks. — The  blocks  were  of  southern  long-leaf  yellow  pine,  having  80  per 
cent  heart  wood  of  satisfactory  texture  and  containing  not  less  than  fire  ammftl 
rings  per  inch.  The  weod  was  impregnated  with  20  lb.  of  preservative  ofl  per 
cu.  ft.  of  wood,  by  any  satisfactory  process  which  would  give  the  required 
results.  The  oil  had  a  specific  gravity  of  not  less  than  1 .12  at  38**  C.  and  con- 
tained not  more  than  6  per  cent  of  soluble  matter  and  was  free  from  petroleum 
or  asphaltic  residues. 

During  the  hot  weather  of  the  first  year,  "bleeding"  of  the  heavy  oil  from 
the  blocks  occurred.  A  heavy  coat  of  sand  was  spread  over  the  pavement 
where  needed,  which  absorbed  the  tar  and  made  a  tough  sheet  or  scat,  some  of 
which  still  adheres  to  the  wood  blocks  as  a  kind  of  wearing  surface. 

Laying  Blocks. — The  blocks  were  laid  on  a  1-in.  bed  of  equal  parts  of 
cement  and  sand  mixed  dry,  "  struck"  by  a  movable  board  to  a  true  suifaoe. 
After  laying,  the  blocks  were  given  a  final  inspection  and  any  imperfect 
ones  were  thrown  out.  The  blocks  were  finally  thoroughly  rammed  by  hand 
rammers.  Expansion  joints  were  placed  at  each  curb,  and  transverse  espaii- 
sion  Joints  were  put  in  every  30  ft.  These  joints  were  H  in.  to  ^  in.  wide  and 
were  run  nearly  full  of  an  asphaltic  compound,  which  was  fairly  soft  and 
elastic,  yet  did  not  run  in  hot  weather,  making  a  very  satisfactory  filler  indeed. 
At  the  first  rain  after  the  blocks  were  laid,  many  of  these  joints  dosed  up  en- 
tirely and  in  some  a  slight  raising  of  the  paving  occurred.  With  continued 
traffic,  however,  most  of  the  joints  were  forced  back  into  place. 

The  joints  between  blocks  were  thoroughly  filled  with  a  1 :1  cement  and  sand 
mixture  applied  dry  in  two  layers;  afterward  the  pavement  was  wet  with  a  hoee 
and  thoroughly  fiushed,  and  the  grout  broomed  into  the  Joints,  the  water 
causing  the  cement  in  the  joints  and  bed  to  fill  all  interstices. 

One  portion  of  Massachusetts  Ave.  was  unusually  wide  and  carried  a  rather 
heavy  traffic;  upon  this  portion,  4-in.  blocks  were  used,  the  rest  of  the  blocks 
were  3H  in.  in  depth. 

Pavement  Crovma. — The  street  has  a  longitudinal  grade  of  about  0.60  per 
cent.  It  was  found  that  a  crown  of  IK  in.  per  ft.  gave  excellent  drainage  and 
made  the  most  effective  loolung  street.  This  crown  was  adopted  as  standard 
where  possible.  The  crown  as  actually  used  varies  from  K  in.  to  nearly  M  in. 
per  ft.  This  last  seems  and  looks  excessive  but  as  a  matter  of  fact  it  has  not 
been  found  to  make  the  pavement  dangerously  slippery. 

With  regard  to  that  bugbear  of  wood-block  pavement — Ua  slipperine— — 
experience  here  indicates  that  trouble  from  the  cause  is  usually  exaggerated. 
When  conditions  make  the  pavement  slippery,  the  remedy  is  simple,  vis., 
sprinkling  with  sand.  This  is  not  often  required.  During  the  two  winters  of 
1913  and  1914,  sanding  was  required  only  8  or  10  times  each  season. 

Cost  Data. — The  entire  work  of  excavating,  grading,  laying  the  base,  laying 
blocks,  ramming,  grouting,  etc.,  was  done  by  city  day  labor  without  much  pra- 
vious  experience,  working  44  hr.  per  week  at  i2.25  per  day,  or  at  about  Slcta. 
per  hr.  for  common  labor.  The  4-in.  blocks  cost  by  contract  $2.69  per  aq.  yd. 
and  the  3H-in.  blocks  cost  $2.29  per  sq.  yd.,  delivered  on  the  work.  In  all 
15,  276  sq.  yd.  of  4-in.  block  pavement  was  laid  at  a  total  cost  of  $4.11  per 
sq.  yd.,  and  12,051  sq.  yd.  of  3H-in.  block  pavement  was  laid  at  a  cost  of  $8.81 
per  sq.  yd. 

Cost  of  Wood  Block  Pavement  in  Wenatchee,  Wash. — ^F.  J.  Shaik«y  gives 
the  following  data  in  Engineering  and  Contracting,  Oct.  20,  1016. 

During  the  summer  and  fall  of  1913  Wenatchee  Ave.,  the  main  busiiMW 
street  of  Wenatchee,  Wash.,  was  paved  with  creosoted  wood  Uodk.    The 
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In  the  spring  of  1915  several  heaved  places  were  noted.  All  the  tiouUe 
experienced,  however,  seemed  to  be  caused  by  transverse  expansion,  and 
occurred  within  8  ft.  of  the  curbs  on  each  side  of  the  street,  affecting  approxi- 
mately 300  sq.  yds.  of  pavement  in  all.  This  heaving  was  talcen  csare  of  in 
two  ways:  Where  the  blocks  were  heaved  badly,  they  were  taken  up  and 
relaid,  a  good  grade  of  pitch  filler  being  used  in  refilling  the  joints;  while 
where  the  heaving  was  only  slight  the  joints  were  blown  out  with  dry  steam 
from  the  road  roller,  at  a  boiler  pressure  of  200  lbs.,  and  the  blocks  were 
rolled  down  to  place  and  the  joints  refilled  with  paving  pitch. 

The  latter  method  was  in  the  nature  of  an  experiment,  but  has  accomplished 
the  purpose  satisfactorily  and  at  a  trifling  cost.  To  supplement  this  work  and 
provide  against  future  heaving  at  the  same  locations  a  ^-in.  expansion  Joint 
has  been  dug  out  with  a  chisel  in  the  gutter  courses  of  blocks  along  each  place 
where  heaving  occurred,  this  joint  being  filled  with  paving  pitch.  Also  eight 
courses  of  blocks  have  been  taken  up  clear  across  the  street  each  400  ft.  in 
length  of  street,  and  the  blocks  have  been  cut  off  for  a  1-in.  expansion  joint, 
relaid  with  equal  spaces  between  the  blocks  and  refilled  with  paving  pitch. 
The  blocks  have  also  been  kept  damp  all  summer  by  flushing  the  street  at 
night  and  sprinkling  in  the  daytime  when  necessary.  This  has  kept  the 
blocks  from  drying  out  and  shrinking  and  has  also  kept  further  sand  and  dirt 
from  the  joints.  From  the  present  excellent  condition  of  the  surface  of  the 
street,  no  further  heaving  is  anticipated. 

Table   XXVIII. — Distribution  of  Costs  of  Wenatcheb   Avbnub  Wood 

Block  Pavement 


■^ — Materials- 


Division 
Base 


Kind  and  unit       IJnit  cost 

f  Gravel,  cu.  yd S  1 .  30 

1.00 


Cushion . 
Top 


ISand,  cu.  yd. 
Cement,  bbl 
Water 
Mixer  (Int.  &  Depr.) 

.  .Sand,  cu.  yd 

f  *Blocks,  sq.  yd 

\  Asphalt  filler,  ton. . . 


2.10 


1.00 
1.794 
37.75 


Units  per 
sq.  yds. 
.0973 
.0486 
.125 


.0278 
1.0 
.0031 


Total  per  sq.  yd. 


Division  Subdivision 

B«" {piiSnl;-..:::::: 

.Cushion 


Sq.  yds. 
per  hour 
foreman 

120.5 

253 


Top. 


Laying . 
Helping. 
Rolling, 
i  Filling.. 


— ^Labor — 

Sq.  yds., 

per  hour 

labor 

8.9 

19.9 

21.8 

87.2 

88.0 

78.7 

6.9 


Cost   per 
sq.  yd. 

$0.1268 
.0486 
.2626 
.01 
.0152 
.0278 
1.794 
.1163 

62.8097 


Labw  cost 
per  sq.  yd. 
10.0523 
.0206 
.0141 
.016 
.0486 
.0160t 
.0609 


Total  per  sq.  yd 60.2222 

Labor,  $2.50  per  8-hr.  day;  block  laver,  $10.00  per  8-hr.  day.  Block  lajrer 
was  foreman  of  cushion,  laying,  and  nlling  gangs.  *Wood  blocks,  $1.76  per 
sq.  yd.,  f.o.b.  Wenatchoe,  X  $1.10  per  M  for  unloading  and  hauling  (42Vi 
blocks  per  sq.  yd.),     flncluding  roller  rent,  $3.50  per  day. 

Operating  Costs  of  Tractor,  Trucks  and  Sand  Screen  and  Loader  in  Road 
Maintenance. — Engineering  and  Contracting.  Jan.  1,  1919  publishes  the  fol- 
lowing information  given  in  a  bulletin  of  the  Colorado  Highway  Df^wrtmBirt 
by  James  E.  Msloney,  Chief  Engineer. 


terseclion  or  a  full  width  road  tor  turning.  The  lighter  alze  tractor 
p.  ax  the  drawbar  is  free  from  these  objections,  ftod  will  do  mort  o(  ttte 
lat  can  be  done  with  the  larger  aiie.  ^ 

two  trucks  and  screening  and  loading  plant  have  been  used  In  reeuifac- 
10  pieces  oF  road  with  sand  and  gravel,  and  the  trucks  have  UB«d  (be  I 
■ccaaianall;.  The  use  of  the  trucks  on  anything  but  the  lighter  fomd  > 
s  has  not  been  entirely  xutisfuctory,  so  the  Department  employed  thefai 
on  hauling  and  spreading  materials  for  repairs  of  surfacing.  Tin : 
are  both  ol  the  dumping  and  spreading  ty[>e  and  are  working- 
^torily. 
larging  up  the  work  to  the  various  roads  the  following  has  been  adopted: 

Eipenec  for  the  year: 

6perstor,  10  niontha,  at  JlOO (l.OOO 

^fai^te^anw,  oil  and  aaa 3,000  ' 


.  »S.*00    .. 
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For  180  working  days  this  equals  $30  per  day.  This  charge  for  the  saod 
elevator  and  loader  is  based  on  the  following: 

Operator,  180  days,  at  $3.50 $    630 

Gafi  and  oil,  180  days,  at  $1.50 270 

Repairs  ana  maintenance 450 

Depreciation,  20  per  cent  of  cost 300 

Overhead,  labor,  teams  and  incidentals 2.850 

Total. .  .* $4,500 

For  180  working  days  this  equals  $25  per  day,  and  this  rate  is  charged  to  the 
road  upon  which  the  work  is  being  done. 

Cost  of  Removing  Asphalt  Pavement  with  Hammer  Drills. — Hand  air- 
hammer  drills  were  used  by  P.  J.  Moran,  a  contractor  of  Salt  Lake  City,  Utah, 
for  removing  a  strip  of  asphalt  and  concrete  pavement  alongside  the  tracks  of  a 
street  railway  so  that  the  rails  might  be  shimmed  and  new  pavement  laid.  A 
description  of  the  job  is  given  in  Mine  and  Quarry,  Dec.,  1916  from  which  the 
following  notes  are  taken. 

In  order  to  reduce  time  and  labor  in  this  work,  Mr.  Moran  purchased  two 
Sullivan  DC-19,  40-lb.  hammer  drills,  operated  by  a  small  steam-driven  air 
compressor. 

A  line  was  laid  out  a  foot  from  the  outside  of  the  rails  and  the  drills  wexe 
equipped  with  a  special  channeling  bit  to  cut  off  the  asphalt.  When  a 
sufficient  distance  had  been  channeled  a  gadding  bit  was  used  and  the  sur- 
facing material  was  removed,  exposing  the  concrete.  The  gadding  bit  was 
again  used  in  breaking  up  the  concrete.  This  was  done  by  holding  the  drm  In 
a  nearly  vertical  position  for  wedging  off  pieces  of  the  concrete.  In  this  man- 
ner pieces  from  4  to  8  in.  square  were  broken  off. 

One  man  with  the  Sullivan  driU  was  able  to  take  up  the  asphalt  and  concrete 
at  an  average  rate  of  6  lin.  ft.  in  15  minutes;  while  the  three  men,  "double- 
jacking,"  by  the  old  method  of  hand  work,  required  an  average  of  40  minutes 
to  remove  a  like  amount;  that  is,  hand  work  required  two  hours  to  accompllah 
the  same  results  secured  in  15  minutes  with  the  machines. 

The  following  comparison,  based  on  the  job  described  above,  may  be 

interesting: 

Machine  Work  Costs 
(Based  on  costs  and  prices  in  June,  1914) 

Cost  of  Plant 

1  Sullivan  WK-3  portable  compressor  outfit  (20  h.p.) $1,780.00 

2  DC-19  hammer  drills 170.00 

Hose,  steel,  etc 50.00 

Total $2,000.00 

Interest  on  plant  at  6  per  cent $     120.00 

Depreciation,  15  per  cent 300.00 

Total $    420.00 

Operating,  175  days  per  year,  per  day $         2.40 

Engineer,  per  day 3. 50 

2  drill  operators  at  $2.50 5.00 

Gasoline,  20  gal.  at  23  cts 4.60 

Oil,  waste,  etc .50 

Total $       16.00 

Progress  per  day,  8  hours 384  ft. 

Cost  per  foot  of  work $        0.0416 

Hakd    Work    Costs 

6  laborers  at  $2.25 $       13. 60 

Progress  per  day,  8  hours 144  ft. 

Cost  per  toot  of  work $        0.0M7 

Saving  on  machine  over  hand  work,  per  foot .0621 
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of  using  the  gads,  and  it  was  found  that  they  worked  much  faster  and  better. 
No  doubt  a  number  of  such  improvements  could  be  made  that  would  expedite 
the  work  and  so  lower  the  cost. 

Pneumatic  Hammers  for  Tearing  Up  Street  Pavements. — Frank  Richards 
in  Engineering  News,  Aug.  10,  1911,  states  that  four  men  each  operating  a 
pneimiatic  hammer  accomplished  as  much  work  as  16  to  20  men  working 
entirely  by  hand.  The  work  in  question  consisted  of  cutting  out  solid  hard 
concrete  along  the  tracks  of  The  City  Tram  Co.  of  Zurich,  Switzerland. 

In  cutting  an  asphalt  pavement  in  Brooklyn,  N.  Y.  for  opening  a  trench  for 
laying  gas  mains  the  following  results  were  obtained. 

From  observation  of  about  3,000  linear  feet  of  cut  (1,500  ft.  of  trench),  with 
two  men  and  sometimes  three  using  the  hammers,  the  average  asphalt  cut  was 
20  ft.  per  man  per  hour. 

On  June  1,  1911,  on  a  45-minute  hand  test  (hand-held  chisel  and  sledge)  we 
cut  at  the  rate  of  12  ft.  per  man  per  hour,  but  the  men  were  exhausted  and  had 
to  stop. 

The  material  under  the  asphalt  was  macadam,  close  and  hard,  and  for 
breaking  up  this  also  the  "coal  picks"  did  good  service.  The  chisels  were 
exchanged  for  pointed  picks  for  this  work. 

Reference  to  '^Handbook  of  Cost  Data." — On  pages  442  to  445,  of  Gillette's 
"Handbook  of  Cost  Data,"  quantities  of  materials  required  for  constructing 
sidewalks  are  given,  and  on  pages  446  to  457  further  cost  data  on  walks  and 
curbs  may  be  found. 

Maintenance  Cost  of  Plank  and  Tar  Concrete  Sidewalks. — ^According  to 
Engineering  and  Contracting,  Oct.  11,  1916,  an  investigation  by  the  City 
Engineer  of  Newton,  Mass.,  shows  that  an  average  of  3  per  cent  of  the  total 
area  of  coal  tar  concrete  sidewalks  in  that  city  have  been  repaired  each  year 
during  the  past  7  years  and  that  the  average  cost  of  maintenance  of  these 
sidewalks  is  about  2  ct.  per  square  yard  per  year.  The  cost  of  maintenance 
of  the  plank  sidewalks  has  been  about  14  ct.  per  square  yard  per  year. 

Cost  of  Resurfacing  Macadam  Walks  with  Asphalt,  Lincoln  Park,  Chicago, 
is  given  by  M.  D.  Blumberg,  Engineering  and  Contracting,  June  9,  1916,  as 
follows: 

In  Lincoln  Park  proper  there  are  about  50,000  sq.  yds.  of  walks  built  prin- 
cipally of  cinders,  limestone  macadam,  and  gravel  macadam.  In  1913  the 
attention  of  the  commissioners  was  drawn  to  the  difficulty  of  keeping  these 
walks  in  condition  for  foot  travel.  In  wet  weather  pools  of  water  would  stand 
in  the  walks,  in  dry  weather  the  protruding  large  stones  caused  a  great  deal  of 
discomfort  to  the  pedestrians,  thereby  causing  many  of  them  to  walk  on  the 
grass,  while  in  winter  the  removal  of  snow  was  unnecessarily  4if9cult.  In 
deciding  upon  what  methods  to  use  to  eliminate  the  above  difficultiee  the 
following  considerations  were  bom  in  mind:  (1)  Low  first  cost  and  low  main- 
tenance; (2)  The  walks  should  be  in  harmony  with  the  park  surroundings: 
(3)  The  utilization  of  the  foundations  of  the  walks- as  they  stood;  (4)  The 
walks  should  be  of  such  a  nature  as  to  induce  people  to  use  them  rather  than 
the  grass. 

With  these  considerations  in  view  the  choice  was  narrowed  down  to  building 
Portland  cement  concrete  walks  or  resurfacing  with  an  asphaltic  mixture.  It 
was  finally  decided  to  build  some  experimental  sections  with  an  asphaltic  top. 
These  experiments  proved  so  successful  in  1913  that  in  1914  enough  money  was 
appropriated  to  cover  nearly  40,000  sq.  yds.  of  walks  with  an  asphaltic  wearing 
surface. 
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Teams: 

Hauling  (surplus  material  after  shaping  walk) SO. 014 

Hauling  (binder) .019 

Total $0,033 

Overhead  charges: 

Plant $0,015 

Superintendence .004 

Total $0,019 

Total  cost  per  sq.  yd.: 

Labor $0. 129 

Material 116 

Teams 038 

Overhead  charges .019 

^    Total $0,296 

Wbabxno  Subfacb 

Per 
Labor:  sq.  yd. 

Mixing $0,054 

Spreaoing 021 

Rolling .006 

Total* $0,081 

Material: 

Asphalt $0. 105 

Screenings  (limestone) 028 

Stone  dust 016 

Sand  (torpedo) 001 

Sand  (fine) 048 

Cement 001 

Miscellaneous 001 

Coal .018 

Total $0,208 

Teams: 

Hauling $0,018 

Overhead  charges: 

Plant $0,019 

Superintendence .004 

.     Total $0,028 

Total  cost  per  sq.  yd. : 

Labor $0,081 

Material 806 

Teams 018 

Overhead  charges .028 

Total $0,880 

*  In  13,329  sq.  yds.  not  included  in  the  above  there  was  an  additional  labor 
charge  for  "shaping  bed  of  walk"  0.022.  The  total  cost  of  thb  section  was 
$0.35  per  sq.  yd. 

Cost  of  Cement  Tile  Sidewalk  at  St.  Paul,  Minn. — The  followiiig  data  are 
taken  from  an  article  by  £.  G.  Briggs,  Engineering  and  Contracting,  Oct.  6, 
1920. 

The  constructing,  relaying  and  repairing  of  cement  sidewalks  in  the  city  of 
St.  Paul  has  for  several  years  been  done  by  contract,  the  work  being  let  by  the 
City  Council  to  the  lowest  responsible  bidder.  The  volume  of  work  executed 
through  the  City  Department  increased  approximately  400  per  cent  during 
the  4-year  period  prior  to  the  world  war,  when  in  1917  the  total  cost  <rf  side- 
walk work  executed  by  the  contractor  amounted  to  approximately  $100,000. 

Approximately  98  per  cent  of  all  walks  constructed  are  of  the  pre-cast  tile 
method.  These  tile  are  constructed  under  careful  city  inspection  at  the  shop 
of  the  successful  bidder,  generally  during  the  winter  months  and  made  in 
sizes,  2  ft.  square  or  4  sq.  ft.  and  IH  ft.  square  or  2.25  sq.  ft.,  thus  allowtiiff 
three  squares  of  one  for  a  6-ft.  walk,  designated  as  a  standard  width  of  three 
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Cinders  for  the  base  have  been  obtained  free  at  the  gas  plants  and  other 
places  where  considerable  coal  is  consumed.  The  cinders  have  been  delivered 
at  the  site  of  the  construction  in  3-yd.  dump  wagons  and  an  average  of  four 
loads  per  day  have  been  received.  Sand  for  the  concrete  between  the  cinder 
base  and  the  tile  has  generally  been  obtained  near  the  place  of  construction. 
A  team  with  driver  is  required  part  time  with  each  crew  to  plow  and  assist 
in  preparing  the  base,  remove  the  surplus  material,  haul  sand  and  move  for- 
ward water  tanks  and  form  material  incidental  to  the  construction.  For  the 
total  field  operations  to  complete  the  walk,  the  following  table  gives  an 
average  of  the  costs  involved: 

Average  Construction  Cost 

Total       Total     Cost  per 
Item  No.  cost        sq.  ft.       sq.  ft. 

Delivering  tile 1,280  sq.  ft.  $12.80  1280  SO. 0100 

Cinders 12  cu.  yd.      6.00  960  .0062 

Concrete  sand — Included  in  price  of  team. 

Cement 3.75  bbl.         7.12  600  .0118 

Laborers 4                 9.00  600  .0118 

Foreman 1                 5.00  600  .0083 

Team 1  H  i-ime  3.00  600  .0060 

Total  cost  per  square  foot  for  construction t0.0563 

For  a  tile  constructed  sidewalk,  according  to  the  specifications,  we  have  a 
total  estimated  cost  for  the  completed  work  as  follows : 

Cost  of  tile  in  stack  at  yard  per  square  foot SO. 0517 

Cost     of     delivering     tile,     cinders     and     constructing    walk,    per 

square  foot 0. 0563 

Total  cost  per  square  foot SO.  1080 

Table  XXX  gives  the  contract  prices  covering  operations  for  the  past  four 
years  on  sidewalk  work  and  incidentals  connected  with  the  construction  from 
which  considerable  additional  revenue  has  been  received. 

Table  XXX. — Contract  Prices  for  Sidewalk  Construction  and  EbcTSAB, 

1916  to  1919,  St.  Paul 

1916 
Item 

Cement  blks.,  new,  per  sq.  ft.  SO. 094 
Cement  blks.,  relay,  per  sq.  ft.     0.05 

Resetting  curb,  per  hn.  ft 0.05 

Rubble  masonry  laid  in  cement     4 .  25 

Portland  cement  concrete 6 .  00 

Brickwork,  per  thousand 15.00 

Earthwork,  per  cu.  yd 0 .  50 

Lumber,  per  1000  ft.  B.  M....  35.00 
Reinforcing  iron  and  steel,  lb.  0.10 
Brick   paving,    including   con-     2.35 

Crete  foundation 

Reinforced  concrete  5  in.  thick. 

per  sq.  ft.,  reinforcing  steel 

extra 0.30       0.35       0.30       0.40       0.26         0.40 

9-in.  sewer  pipe  in  place,  per 

lin.  ft List.       List.        0.37      List.        0.66        0.66 

12-in.  sewer  pipe  in  place,  per 

lin.  ft List.       list.        0.40     List.        0.70        0.70 

15-in.  sewer  pipe  in  place,  per 

lin.  ft List.       List.       0.42     List.        0.80        0.80 

Cement  walk  surfaced  in  place    0.15       0.16      0.14     0.20       0.16         O.SO 

The  contracts  for  1916,  1917  and  district  No.  2  in  1918  were  executed  by  one 
contractor. 


1917 

1918 

1918 

1919 
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Dist.  1 

Dist.  2 

Dist.  1 

Dist.  2 

$0,108  $0,105  $0.12 

$0.0076  SO. 105 

0.06 

0.05 

0.07 

0.06 

0.06 

0.05 

0.05 

0.10 

0.06 

0.10 

4.50 

4.50 

4.50 

4.50 

4.75 

6.00 

4.50 

7.00 

6.00 

6.60 

15.00 

14.00 

15.00 

16.60 

■  ■  ■  • 

0.60 

0.60 

0.70 

0.75 

0.75 

37.00 

40.00 

50.00 

40.00 

40.00 

0.12 

0.11 

0.12 

0.10 

0.12 

2.40 

2.40 

2.76 

2.60 

2.76 
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oonciete  on  the  woric  was  1:3:1  and  mortar  was  specjfled  1  part  eemeat  and  2. 
ruts  sand  wllb  1  lb.  ot  lamp  black  per  baiiel  ol  cement  used.  On  tbe  cutb 
finish,  tbe  contmctOF  tdund  It  neceeauy  to  use  more  cement  In  the  mortsr  to 
Irowd  smoothly. 

Carey  eipanslon  Jolntn  were  placed  ever;  40  tt.  in  curb,  walk  and  ^tter  and 
the  tadne  cut  through  to  expose  the  felt.  The  curb  was  6  In.  wide  at  top.  3  In. 
at  base  and  15  In,  high,  with  M  in.  of  mortar  on  top  face  and  i^  In.  of  mortal 
onl  In.  otback  and  3  in.  of  the  front  face.  The  guitar  lloe  waaS  In.  below  t(V 
ot  curb  on  the  greater  part  ot  the  work,  the  gutter  being  S  In.  thick  and  2  ft 


Pia.  18. — Inapector'a  concrete  report  with  tyiucal  day's  run  of  oinb  cmw. 

wide,  but  Dltinan  street  drains  the  district  and  here  curbs  were  glTCO  10  IB. 
face  and  gutlers  were  5  in.  thick  by  3  in.  wide.  All  gutters  were  floated  TOU(h 
and  marked  every  3  tt.  to  correspond -with  the  curb  mariu. 

The  walk  wasbulit  4  In.  wide  with  a  3  In.  base  of  I:2:4concTeteBndaK-IO. 
top  of  1:2  mortar  as  before  described.  A  Chicago  paTing  mlier  wia  used  and 
gave  good  results.  In  all  the  work  both  sides  of  the  street  were  carried  tloag 
together,  the  concrete  being  wheeled  Irom  the  platform  or  mlier  to  the  forma 
in  barrows. 

All  cement  work  was  promptly  covered  with  earth  which  was  kept  moist  lOr 

The  cost  of  this  work  Is  given  In  Table  XXXI,  see  Fig.  IE,  for  unKcoMs 
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Table  XXXII 


Supplying  Mixer- 
Cement,  1  man  @  Sl.dO 

Stone,  6  men  @  $1.50  per  10-hr.  day 

Sand,  2  men  @  $1.50  per  10-hr.  day 

Mixer  Running — 

1  engineer  @  $2.50 

1  fireman  @  $2,00 

Transporting  Concrete — 

2  m^n  on  ears  at  mixer  @  11.50 

3  men  on  train  @  1.50 

1  horse  @  2.00 

Placing  and  Ramming  Concrete — 

4  men  placing,  ramming,  screeding  @  $1.50. 
Mixing  Top  Coat — 

5  men  mixing  @  1.50 

Transporting  Top  Coat — 

3  men  wheeling  ^  $1.50 

Placing  and  Screedmg  Top  Coat — 

4  men  @$1.75 

Finishing  Top  Coat — 

1  man  @  $3.00. 
1  man  @    2.00. 

1  man  @    2.00 

Setting  Templets — 

1  foreman  @  $3.00 

3  carpenters  @  $2.60 

2  helpers  @  $1.75 

Finished  Grading — 

1  foreman  @  $2.00 

8  men  @  $1.50 


Cost 
per 
day 


Per  cu. 

yd. 


$  1.50     

9.00     

3.00     $0,194 


2.50 
2.00 

3.00 
4.50 
2.00 

6.00 

7.50 

4,50 

7.00 


0.065 

•    •■•••» 

o.'iso* 

0.086 
0.108 
0.065 
0.101 


7.00      0.101 


3.00 
6.00 
3.50 

2.00 
12.00 


0.180 
0.201 


Persq. 
yd. 


$0,082 

o.oii 

6.022 
0.014 
0.018 
0.011 
0.017 

0.017 

oioso 

'6!634 


Total  labor  cost 

Coal  for  mixer  @  $3.10  ton. . 
Use  of  mixer,  tracks  and  cars. 


$85.50  $1.23 
0.78   0.011 
0444 


Grand  total  (aside  from  overhead) $87.28     $1.26 


$0,205 
0.009 
0.024 

i0.210 


Cost  of  Materials— 

1.4  tons  stone  @  90  cts. . 

.7  ton  sand  @  $1.50 

1.8  bbb.  cement  @  $1.10. 


Per  cu.  yd.     Per  sq  yd. 


*  $1.26 

.91 

1.98 


Cost  materials. 

Total  labor,  mixer-coal. 


Total  cost, 
6  sq.  yds.  = 


1  cu.  yd.  (6  ins.  thick). 


$4.15 
1.26 

$5.41 


$0,210 

.152 

0.390 

$0,096 
0.210 

$0,902 


Cost  of  Concrete  Sidewalk  in  Chicago. — N.  E.  Murray  gives  the  following 
in  a  paper  before  the  Illinois  Society  of  Engineers  and  Surveyois,  Jan.  26-8, 
1910,  abstracted  in  Engineering  and  Contracting,  Feb.  2,  1910. 

The  ordinary  concrete  sidewalk  gang  in  Chicago  is  usually  composed  at  siz 
men  paid  as  follows: 

1  finisher  8  hours  at  65  cts $  5. 20 

1  helper  8  hours  at  47  J^  cts 3 .  80 

4  laborers  8  hours  at  37K  cts 12.00 

Total $21.00 

Under  favorable  conditions  this  gang  will  construct  900  sq.  ft.  of  walk  per 
day.  From  information  furnished  me  by  several  of  the  leading  ooatractors, 
each  employing  on  an  average  of  six  gangs  of  men,  a  gang  of  six- men  will 
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Cut  of  Riisini  Siukkm  Concrale  Walk. — H.  R.  Feirls  gives  the  followliig 
note  In  Eneloeerlne  and  Cnntrocting.  Oct.  4,  1016. 

In  the  course  ol  some  construction  connected  with  street  nldenlnglmprovc- 
menta.  it  was  found  necesaaiy  to  raise  to  Its  original  level  240  It.  of  concceta 
wallc  which  owing  to  deTeclive  earth  faundation  had  sunlc  S  or  B  In.  on  the 
outside  edge.  The  walli  was  12  [t.  wide,  4  in.  thick,  with  a  mesh  reinforce- 
ment, and  although  over  15  years  old  was  stlil  In  perfect  condition.  It  was 
possible  that  its  settlement  bad  been  foreseen  by  tha  constructors,  as  fi-ln. 
"I"  beams  had  been  placed  cross-wise  undemeath  II,  at  interrsla  (rf  8  ft. 

In  order  to  malte  room  for  a  granite  curb,  the  "I"  beams  whidi  projected 
beyond  the  edge  of  the  walk,  were  cut  by  hand  with  a  hack-saw.  The  labor 
eoat  of  culling  these  I-beams  was  48  cl.  each.  A  concrete  pier  (see  sketch)  was 
placed  under  the  outside  edge  of  the  walk  after  it  liad  been  raised  to  Hi  OilsiDll 
position.    Twelve  Jacks  were  used  tor  the  work.    The  costs  follow: 

Foreman,  3  days  @  »4 •12.00 

Labor  raiaine  walk.  112  h*.  ®  30  cts 88.00 

Labor  concretmi.  56  br.  ®  30  cts IS. SO 

Laborcutting"I*'beams(30),  48hr.  toaoct* 14.40 

Labor  on  forma,  reiDforcement.  14  br.  ®  30  c4« 4.30 

Wl.OO 
Mat«riab— 

Cement,  IS  bbl.  @  t2 taS.OO 

Sand.  Sk  cu,  yd.  @  »1 O.SO 

Gravel,  13  011.  yd.  @»1, 10 14.30 

Hacksaw  {frame  and  blades) 8.60 

Rdnforcing  steel.  500  lb.  ®  3  cla IS. 00 

Renting  jacks 6,00 


Cost  of  Coostiocting  Con 


Pio.  16. — CrosB-seetion  of  combined  curb  and  (utter. 

at  Webb  City.  Mo.  Costs  for  typical  examples  o(  this  type  of  cautiuction 
are  given  by  E.  W.  Robinson  In  Engineering  and  Contracting,  May  16,  lots, 
as  follows: 

The  costs  given  have  been  compiled  from  the  daily  report  blanks  turned  in 
each  day  by  the  city  Inspectors.  It  will  be  noticed  that  then  is  cuutdenbia 
TftTlftUon  In  the  coat  nl  the  different  Items  for  diSereut  jtAn,  though  tlw  tot«b 


ROADS  AND 

»ty  closely.  There  att  eerei 
B  considerable  diSereDce  la  t 
1.  Also  on  Ihts  kind  of  work 
anlsed  90  that  each  man  do» 
'itching  at  men  is  hard  to  foil 


-  entered  ia  no  small  degree  in 
■ent  itema.  However  the  toU 
thie  i^ty  for  the  ta^t  two  yean 


(I)6-1N.CVBBA»I>G 

Bte  mixed  by  hand.    Good  fore 
irms,  mixing  and  placing  oali 


1.  145H  hours  St  10.333 

,  141M  hours  at  $0,S6S 

miner.  18M  houn  at  to'.iTT.-. 
ttfrs,  9  hours  at  10,177.  lOOH  I 

emiierB.Vu  hours  "at  W22.'.', 


concrete  and  mortar,  1,445M  a 
rtar,  4S4.1  FU.  ft.  BttO.OS.... 
oniTEle,  33B.4  ru.  yd!  at  lO.M 
S38>|i  eu.  It,  at  K),0O.'i  .    ,    ,  . 


(2)  9-Is.  Cum  *.mi  Gi 
iiiiied  by  hand.     Inpludos 


I  \ih\i  houTS  at  tO,6(iG, , 
.  IISH  hi 


mat  tO,27S,. 

.t  10,25 

Lisat  tO.222., 


r.SaiH  cu,  ft,at  »0,08..,, 
ireto,  240  cu.  yds,  at  10.50, , 
leu,  ft,  at  a),005 
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(3)  9-In.  Curb  and  Gitttbr,  1,270.2  Lin.  Ft. 

(Concrete  mixed  with  Coltrin  continuous  mixer  part  of  time,  rest  with  Eotipie 
batch  mixer.  Includes  sub-base,  setting  forms,  mixing  and  pladng  only.  Does 
not  include  water  and  gasoline.  Good  weather.  Public  contract.  Good  fore- 
man, did  no  actual  work.) 

Cost  per 

Labor:  lin.  it. 

1  foreman,  63  hours  at  $0.666 $0.0328 

2  finishers,  64  hours  at  $0,444,  40H  hours  at  $0.278 0.0800 

2  form  setters,  132  hours  at  $0.222 0.0233 

1  mortar  mixer,  62  hours  at  $0.222 0.0107 

1  feeding  mixer.  62  hours  at  $0.222 0.0107 

2  off-bearing,  71  hours  at  $0,222.  5  hours  at  $0.278 0.0138 

2  placing  and  tamping,  llOH  hours  at  $0.222 0.0102 

Total  for  labor fO.  1409 

Material: 

Cement  mortar  and  concrete,  626  sacks  at  $0.40 $0. 1057 

Sand,  mortar,  217  cu.  ft.  at  $0.08 0.0136 

Gravel,  concrete  and  sub-base,  132.3  cu.  yds.  at  $0.50 0.0617 

Total  for  material $0.2610 

Total  for  material  and  labor $0.4010 

(4)  9- In.  Curb  and  Gutter.  2,000  Lin.  Ft. 

(Concrete  mixed  with  Eclipse  batch  mixer.  Includes  sub-base,  setting  forms 
and  mixing  and  placing,  but  not  water  or  gasoline.  Late  fall  of  year  and  some 
work  lost  because  of  froet.     Well  organized  gang.) 

Cost  per 
Labor:  lin.  ft. 

1  foreman,  99  hours  at  $0.666 $0.0228 

2  finishers,  95  hours  at  $0.30,  14  hours  at  $0.50 0.0123 

2  form  setters,  198  hours  at  $0.2333 0.0150 

2  mixing  and  placing  mortar,  198  hours  at  $0.233 0.0150 

5  mixer  men,  464  hours  at  $0.222 0.0856 

Total  for  labor $0. 1024 

Material: 

Cement,  mortar  and  concrete,  1,291  sacks  at  $0.40 $0. 1767 

Sand,  mortar,  457M  cu.  ft.  at  $0.07 0.0116 

Gravel,  concrete,  122  cu.  yds.  at  $0.50 0.0210 

Gravel,  sub-base,  161.1  cu.  yds  at  $0.50 0.0278 

Total  for  material $0.2371 

Total  for  labor  and  material ^ $0. 3305 

(5)  4-Ft.  Sidewalk,  436  Sq.  Ft. 

(Concrete  mixed  by  hand.  Includes  setting  forms,  mixing  and  placing  only. 
Foreman  was  also  contractor  and  finisher.     Private  contract.) 

Cost  per 
Labor:  sq.  ft. 

1  foreman  and  finisher,  9  hours  at  $0.50 $0.0103 

4  mixing  and  placing  concrete,  24  hours  at  $0.222 0.0122 

1  mixing  and  placing  mortar,  7  hours  at  $0.222 0. (X)36 

Total  for  labor $0.0261 

Material: 

Cement,  mortar  and  concrete,  33  sacks  at  $0.35 $0.0266 

Sand,  mortar.  25  cu.  ft.  at  $0.08 0.0046 

Water.  6  bbls.  at  $0.10 0.0014 

Gravel,  concrete,  4  cu.  yds.  at  $0.50 0.0046 

Total  for  material $0.0871 

Total  for  material  and  labor tO.0688 
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(6)  4-Ft.  Sidewalk.  4.934  Sq.  Ft. 

(Concrete  mixed  by  hand.  Includes  setting  forms.  mixin(|E  and  placing  only. 
^<»reman  did  some  finishing,  but  was  attending  to  other  business  most  of  time. 
Otherwise  gang  was  efficient.     Lost  50  ft.  of  finish  by  rain.     Public  contract.) 

Cost  per 
Labor:  sq.  ft. 

1  foreman  and  finisher,  42  hours  at  $0.555 $0.0047 

1  finisher,  173^  hours  at  $0.444 0.0015 

3  mixing  and  placing  mortar,  107  hours  at  $0.222 0.0048 

4  mixing  concrete,  151^  hours  at  $0.222 0.0068 

2  placing  concrete,  82  hours  at  $0.25 0.0042 

2  setting  forms,  58  hours  at  $0.222 0.0027 

Total  for  labor $0.0247 

Material: 

Cement,  concrete  and  mortar,  414  sacks  at  $0.40 $0.0336 

Sand,  mortar.  444  cu.  ft.  at  $0.08 0. 0072 

Qravel.  concrete,  49.6  cu.  yds.  at  $0.50 0.0050 

Water,  9  tanks  at  $0.50 0. 0009 

Total  for  material $0.0467 

Total  for  material  and  labor $0.0714 

(7)  4-Ft.  Sidewalk,  12,504  Sq.  Ft. 

(Concrete  mixed  with  Coltrin  continuous  mixer.  Includes  setting  forms, 
mixing  and  placing  only,  but  not  gasoline.  Efficient  |(ang.  Foreman  was 
member  of  firm  and  helped  at  all  times;  50  lin.  ft.  lost  by  rain.     Public  contract.) 

Cost  per 

Labor:  sq.  it. 

1  foreman,  18  days  at  $5.00 $0. 0072 

2  finishers,  105^  hours  at  $0,555,  45  hours  at  $0.333 0. 0059 

2  mixing  and  placing  mortar,  262  hours  at  $0.222 0.0047 

4  mixer  men,  505)^  hours  at  $0.222 0.0090 

1  water  boy,  94  hours  at  $0.111 0.0008 

Total  for  labor $0.0275 

Material: 

Cement,  concrete  and  mortar,  853  sacks  at  $0.40 $0.0273 

Gravel,  concrete,  113  cu.  yds.  at  $0.50 0.0045 

Sand,  finish,  853  cu.  ft.  at  $0.08 0.0053 

Water,  152  bbls.  at  $0.10 0.0012 

Total  for  material $0.0384 

Total  for  labor  and  material $0..  0659 

(8)  4-Ft.  Sidewalk,  9,566.7  Sq.  Ft. 

(Concrete  mixed  with  a  Coltrin  continuous  mixer.  Includes  setting  forms, 
mixing  and  placiiu^  only.     Does  not  include  water  and  gasoline.     Fairly  efficient 

fang.     Foreman  did  no  actual  work  but  was  a  hustler.     Was  also  the  contractor. 
*ublic  contract.) 

Cost  per 
Labor:  eq.  ft. 

1  foreman,  54H  hours  at  $0.666 $0. 0038 

1  finisher.  63M  hours  at  $0.444 0.0030 

2  mixing  mortar,  104  hours  at  $0.222 0.0024 

2  feeding  mixer,  109  hours  at  $0.222 0. 0025 

2  wheeling  mortar  and  concrete,  125  hours  at  $0.222 0.0029 

2  placing  concrete  and  mortar,  119  hours  at  $0.222 0. 0028 

Total  for  labor $0.0174 

Material: 

Cement,  concrete  and  mortar,  748  sacks  at  $0.40 $0.0818 

Sand,  mortar,  467  cu.  ft.  at  $0.08 0.0039 

Gravel,  concrete,  97  cu.  yds.  at  $0.50 0.0061 

Total  for  material $0.0403 

Total  fw  labor  and  material $0.0677 
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(3)  9-In.  Cubb  and  Guttbr,  1,279.2  Lin.  Ft. 

(Concrete  mixed  with  Coltrin  continuous  mixer  part  of  time,  rest  with  Eclipse 
batch  mixer.  Includes  sub-base,  setting  forms,  mixing  and  placing  only.  Does 
not  include  water  and  gasoline.  Good  weather.  Public  contract.  Good  fore- 
man, did  no  actual  work.) 

Cost  per 

Labor:  lin.  rt. 

1  foreman,  63  hours  at  S0.666 $0.0328 

2  finishers,  64  hours  at  $0,444,  40H  hours  at  $0.278 0.0309 

2  form  setters,  132  hours  at  $0.222 0.0283 

1  mortar  mixer,  62  hours  at  $0.222 0.0107 

1  feeding  mixer,  62  hours  at  $0.222 0.0107 

2  off-bearing,  71  hours  at  $0,222,  5  hours  at  $0.278 0.0133 

2  placing  and  tamping,  llOH  hours  at  $0.222 0.0192 

Total  for  labor $0. 1409 

Material: 

Cement  mortar  and  concrete,  626  sacks  at  $0.40 $0. 1957 

Sand,  mortar,  217  cu.  ft.  at  $0.08 0.0136 

Gravel,  concrete  and  sub-base,  132.3  cu.  yds.  at  $0.50 0.0517 

Total  for  material $0.2610 

Total  for  material  and  labor $0. 4019 

(4)  9- In.  Cubb  and  Gutteb,  2,900  Lin.  Ft. 

(Concrete  mixed  with  Eclipse  batch  mixer.  Includes  sub-base,  setting  forms 
and  mixing  and  placing,  but  not  water  or  gasoline.  Late  fall  of  year  and  some 
work  lost  because  of  frost.     Well  organized  gang. ) 

Cost  per 
Labor:  lin.  ft. 

1  foreman,  99  hours  at  $0.666 $0. 0228 

2  finishers,  95  hours  at  $0.30,  14  hours  at  $0.50 0.0123 

2  form  setters,  198  hours  at  $0.2333 0.0150 

2  mixing  and  placing  mortar,  198  hours  at  $0.233 0.0189 

5  mixer  men,  464  hours  at  $0.222 0.0856 

Total  for  labor $0. 1024 

Material: 

Cement,  mortar  and  concrete,  1,291  sacks  at  $0.40 $0. 1767 

Sand,  mortar,  457H  cu.  ft.  at  $0.07 0.0116 

Gravel,  concrete,  122  cu.  yds.  at  $0.50 0.0210 

Gravel,  sub-base,  161.1  cu.  yds  at  $0.50 0.0278 

Total  for  material $0.2371 

Total  for  labor  and  material , $0. 3895 

(5)  4-Ft.  Sidewalk,  436  Sq.  Ft. 

(Concrete  mixed  by  hand.  Includes  setting  forms,  mixing  and  plaeinc  only. 
Foreman  was  also  contractor  and  finisher.     Private  contract.) 

Cost  per 
Labor:  sq.  ft. 

1  foreman  and  finisher,  9  hours  at  $0.50 $0.0103 

4  mixing  and  placing  concrete,  24  hours  at  $0.222 0.0132 

1  mixing  and  placing  mortar,  7  hours  at  $0.222 0.0036 

Total  for  labor $0.0261 

Material: 

Cement,  mortar  and  concrete,  33  sacks  at  $0.35 $0.0365 

Sand,  mortar,  25  cu.  ft.  at  $0.08 0.0046 

Water,  6  bbls.  at  $0.10 0.0014 

Gravel,  concrete,  4  cu.  yds.  at  $0.50 0.0046 

Total  for  material 10.0871 

Total  for  material  and  labor fO. 
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(6)  4-Ft.  Sidewalk,  4,934  Sq.  Ft. 

(  mixed  by  hand.     Includes  setting  forn»»   *«»•'' 
d  some  finishing,  but  was  attending^  to  < 
ang  was  efficient.      Lost  50  ft.  of  finish  b„  . 


,nd  finisher,  42  hours  at  $0.555 

7M  hours  at  $0.444 

d  placing  mortar,  107  hours  at  $0.222 

ncrete,  151^  hours  at  $0.222 

•ncrete,  82  hours  at  $0.25 

rms,  58  hours  at  $0.222 

labor 

ncrete  and  mortar,  414  sacks  at  $0.40 

ir,  444  cu.  ft.  at  $0.08 

Crete,  49.6  cu.  yds.  at  $0.50 

nks  at  $0.50 

material 

material  and  labor 

(7)  4-Ft.  Sidewalk,  12,504  Sq.  Ft. 

)  mixed  with  Coltrin  continuous  mixer.  Includes  setting  forms, 
[  placing  only,  but  not  gasoline.  Efficient  ^ang.  Forenmn  WM 
irm  and  helped  at  all  times;  50  lin.  ft.  lost  by  rain.     Public  contract.) 

Ckwt  per 
■q.  ft. 

18  days  at  $5.00 $0.0072 

105K  hours  at  $0,555.  45  hours  at  $0.333 0.0050 

id  placing  mortar,  262  hours  at  $0.222 0.0047 

a,  505M  hours  at  $0.222 0.0090 

r,  94  hours  at  $0.111 0.0008 

labor $0.0276 

ncrete  and  mortar,  853  sacks  at  $0.40 $0.0273 

Crete,  113  cu.  yds.  at  $0.50 0.0045 

I,  853  cu.  ft.  at  $0.08 0.0068 

bbls.  at  $0.10 0.0012 

material $0. 0384 

labor  and  material $0^  0650 

(8)  4-Ft.  Sidewalk,  9,566.7  Sq.  Ft. 

e  mixed  with  a  Coltrin  continuous  mixer.  Includes  setting  forms, 
placing  only.  Does  not  include  water  and  gasoline.  Fairly  efficient 
eman  did  no  actual  work  but  was  a  hustler.  Was  also  the  contractor. 
ract. ) 

If 

54K  hours  at  $0.666 

)3M  hours  at  $0.444 

ortar,  104  hours  at  $0.222 0 

lixer,  109  hours  at  $0.222 0 

mortar  and  concrete,  125  hours  at  $0.222 0 

Dncrete  and  mortar,  119  hours  at  $0.222 0 

labor 

•ncrete  and  mortar,  748  sacks  at  $0.40 

ar,  467  cu.  ft.  at  $0.08 

icrete,  97  cu.  yds.  at  $0.50 ' 

material 

•  labor  and  material 
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Coit  of  Laying  Griuiite  Cub. — EnsiDeeilag  and  CoDtractlug,  June  5. 
gives  the  following: 

Gianlle  lor  the  SIOS  ft.  of  curb  teas  delivered  oi 
It  to  8  ft.  long,  of  the  dlnienslans  shown  on  the 
bedded  In  1:3 15  concrete  aa  required  by  tl 
and  grade,  and  joints  exceeding  >i  in.  were  not  permitted. 

A  good  working  foremui.  with  an  indiHerent  Italian  crew,  performed  tiM 
worii.  Stones  were  placed  entirely  by  hand,  with  the  aid  of  craw-bois,  Jadu. 
etc.  Tbe  contractor  tliinka  it  probable  .that  consldentbte  economy  might 
have  been  effected  by  uslDg  a  small  portable  derrick. 

The  costs  follow: 


Labor,  1,850  hours  at 


A  snatch  team  wa3  used  at  odd  times  for  moving  around  stones  whlcl 
not  been  conveniently  distributed.  Tbia  cost  Is  not  included  in  the  fi 
given  above. 


Fio.  17. — Skptch  showing  dimensions  of  Bmnite  curb. 


H.  Ferris  gives  the  following  data  in  Englneerlnf;  and  Contracting,  J 
.017, 

The  costs  cover  the  labor  of  laying  44  re 
airb  at  11  street  Intersections.  The  sC 
It  tpp  and  dressed  (or  5  in.  on  the  face. 
'  or  8  In.  wide.     Each  piece  came  in  lengths  varying  from  4  M  7  tt.  Uid  « 
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eDtl7  dallTBred  wltbln  a  few  teet  o 
f  the  cuib  were  Imbedded  In  1:3:0 
vork  was  done  b;  »□  eoecgetlc  oiu 
jdlEd  their  port  of  the  work  well. 
kvatloD  of  the  treoch,  moTlsg  eton 
nt.  however,  and  probably  36  per 
dth  first  oUfis  laborers, 
curbs  were  laid  under  strict  iDspa 
,  and  tbe  bottom  of  all  curbs  had  a 
rm  depth  throughout."  The  work] 
they  would  be  "tree  of  depreHBlol 
Tbe  stones  were  set  to  a  B-ft.  lai 
labor  costs  follow : 

Cost  of  Latino  030  Lin.  Ft.  Oi 

:;urb  setter.  84  houn  @  40c 

Helper,  58  houre  ®  35c 

Cdbor.  342  hours  @  2Sc 

Total  cost  per  lin.  ft.  of  labor 

of  ■  Cabbie  Lined  Gutter,  Calif  ami 
EDglueerlng  and  Contracting,  June 
reveot  cutting  by  storm  water,  the 
Ksntlf  constructed  a  cobble  lined  gi 

Tbe  adjoining  property  owners  f 
they  hauled  from  a  nearby  stream  t 
gutter  (3  ft.  wide  and  7  Ins.  deep  at 
ps  and  shaped  with  shovels.  The  sc 
client  bed  for  the  stones.  Excepting 
:  work  waa  doae  by  three  laborers 

best  stones  for  this  work  ore  hard,  cl 
faces  and  4  or  5  in.  thick.  Cobble 
ingle  aa  on  street  pavements,  but  w 
it   saving   Id  time  and    material,  i 

r  400  ft.  of  gutter  had  been  laid,  one 
Iter  until  water  showed  between  th 
vith  a  akdge.  He  mi;tert  half-bag  hi 
-  box  and  shoveled  the  soupy  groi 
r  swept  the  mortar  along  with  a  stre 
■nes  with  the  concrete  and  leaving  the 

ivas  spread  over  the  finished  gutter  a 
,11  driveways  and  in  front  of  residena 
ectionable,  the  property  owners  pn 
aid  in  shallow  trenches  with  open 
it  with  these  pipe  culverts,  provld 
with  generous  capacity  for  entry  an( 
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The  cost  of  the  improvement  was  as  follows: 

Pipe  Gutter        Total 

Length,  ft 224  4,666         4,880 

Excavating  and  backfiUing $  16. 50  $218.75     $235.25 

224  lin.  ft.  of  14-in.  concrete  irrigation  pipe  @ 

33  ct.  delivered 74.00     , 74.00 

30  tons  (25  cu.  yd.)  of  bank  gravel  for  grouting 8 .  00          8 .00 

367  tons  of  clean,  granite  cobbles   for  paving 

gutter 103.00       103.00 

Laying   stone   for   pipe   end   walls   and   paving 

gutter 17.50  243.60       261.00 

Grouting  end  walls  and  gutter 4. 50  60.70         66.20 

Cement   for   end    walls   and   gutter,    28H    bbl. 

@  $2.00 3.50  63.50         67.00 

Supervision 18.00  87.00       106.00 

Total $134.00  $774.46     $008.46 

Total  cost  per  lin.  ft $    0.60  $    0.166$    0.186 

Total  cost  per  sq.  ft.  of  paved  surface $    0 .  04^^    

Note — Labor,  $2.50  per  8-hour  day. 

Twenty-three  yards  of  1 :3 :5  concrete  were  used  in  grouting,  which  is  a  rate 
of  0.14  cu.  yd.  per  100  sq.  ft.  of  cobble-gutter  surface.  Labor  only  for  laying 
and  grouting  (no  grading)  was  $6.60  per  100  lin.  ft.,  or  the  three  men  finish  114 
lin.  ft.  per  day,  exclusive  of  excavation. 


HIGHWAY  BRIDGE 

I  eh^tet  contoina  cosU  and  othe 
'bw&;  bridges.  In  the  followlDg 
ibo  prove  of  value  in  connecti< 
data  on  this  subject  are  also  gCve 
Btte's  "Handbook  of  Coat  Data. 
iDmic  HiihwiT  Bridges  and  Call 
ct,  publlabed  In  Engineering  ai 
presented  at  the  Canadian  Go 
1920.  by  M.  A.Lyons, 
jlectlng  the  type  at  structure  thre 
ny,  service  and  appearance,  and  c 
irays  rightly,  be  the  deciding  faei 
of  the  [esthetic  In  design,  and,  as 
lymbols.  it  Is  frequently  not  undi 
nmce  Is  not  given  full  value  In  dec 
on  Hs  to  bow  much  additional  ino[ 
sing  appearance.  The  cost  of  a  t 
lightly  bridge  cannot  be  forgotten 
r  on  the  senses. 

tparalivc  Cojtt  of  Timber,  Sled  ai 
iconomlcal  type  of  bridge,  flrst-c< 
rtrafSc  mustbeeonaidered.  The 
.eapeat  In  flrat  cost,  but  in  the  louj 

ubt  the  cheapest  bridge  in  direct  i 
example,  a  flo-ft.  pile  bridge  will 
^Qt  interest,  a  yearly  payment  of 
!  In  condition,  made  up  as  follows: 
09t  $270,  yearly  payment  for  3  yet 
rs.  first  cost  1270,  yearly  paymei 
,  first  cost  $960,  yearly  payment  I 
such  as  delay  to  traRIc  during  re] 
■a,  iiabtllty  to  accident  or  Hre  may  i 
At  best,  the  pile  bridge  Is  very 
!  first  costs  are  of  prime  importani 
many  cases  stream  conditions  are 
in  the  stream  bed  and  a  clear  openl 
■ucture  may  then  be  a  choice  bet\> 
ete  span.  Unless  the  wooden  spi 
-  cases,  is  not  feasible,  the  cost  of  tl 
■out  the  same,  so  that  It  will  only 
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earn'  t>  IS-ton  triLctloD  eoglne  in  oddltloa  to  the  dead  load.    Tcusa 
designed  to  cury  a  unlfonn  load  ot  100  lb.  per  iquare  toot  of  road  n 
for  Bpana  From  EO  to  ISO  ft.,  and  a  uniform  load  of  H6  lb.  Tot  81 
160  n.  long.    The  uaual  A.  R.  E.  A.  unit  Btresses  are  used  In  the  d 
Pony  tniasea  are  uoed  tor  Bjiaaa  of  from  60  to  3e  ft.,  and  tliroutb  liiinw  (or 
■pans  of  from  90  to  leO  ft. 

Beinforced-concrele  through  girdeia  are  used  for  apana  ot  from  30  to  W 
ft.  This  tTpe  of  structure  Is  designed  to  cairr  either  a  unltoita  load  of  1311  lb. 
per  square  foot,  or  an  engine  load  oC  24  tons. 

Plain  Ccncrtte  AbtUmmii, — la  preparing  curves  to  show  the  quantltle*  In 
abutTnents  it  was  found  that  there  were  many  variables  which  might  be  con- 


Pio.  1— Steel  ti 

Hidered.  but  which  it  used  would  produce  such  complex  formulas  as  to  toMka  ttm 
curves  ot  little  use  In  the  held.  It  was  found  that  curves  giving  reliable  icMdli 
might  be  obtained  by  plotting  the  cubic  yards  of  concrete  In  two  abutiiMnlB 
against  a  formula  which  represented  s.  measure  of  the  quantitle*  dusliwl. 
The  variables  In  this  formula  are  H,  height  of  abutment  fiom  botMn  of 
foundation  to  top  ot  roadway ;  R.  deal  width  ot  roadway  on  lupentiiiotiiTS, 
sjid  IT,  length  ot  average  wing  wall.  For  plain  concrete  abutSMOte  tlM  iMrt 
teaults  were  obtained  by  u.ilng  the  terra  H'  {fi  +  2W). 

Plain  concrete  abutments  tor  steel  bridges  are  designed  with  atoolliif  wldUl 
of  one-third  of  the  height  over  all,  and  the  thickness  ot  tbe  fooUv  ta  ^uaBf 
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to  24  In.  The  width  of  the  ban 
e  footing  la  made  approxlmatel; 
Ic  of  the  abutment  waJl  La  vertlci 
width  of  from  30  to  3S  In.  The 
e  a  top  width  of  12  in.  Fig. 
of  plain  concrete  abutments  for  a 

widtb  of  roadway  la  decided  upo 
Ua  which  win  be  required.  Thee 
yardage  of  concrete  la  read  direi 


eslga  of  plain 

concrelc  abutmen 

.raleelbridBea 

except  that  the  w 

1  the  top  wid 

h  of  the  abutmenl 

<T  slab  bridges 

diner  slightly  froi 

E  on  the  abut 

ment  wall  la  lizniti 

tl,  with  a  min 

mum  of  3  ft,     Th 

l'  for  Estimat 

ug   Steel  Bridge 

April  25,  19 

7.  abstracts  the  ci 

Manual  prepa 

-ed  under  the  dire 

Oregon,  for  th 

Sine  Highway  < 

^fereoce,  to  de 

lermlne  within  reu 
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Coit  of  I/ifiiiE  GrMiit*  Cub. — EnsiDeerlug  and  CoctiactliiK.  June  0,  IVU, 
glv«  the  foUowliiK: 

OniDite  [or  the  SIOS  tt.  at  cuib  was  delivered  on  the  wotk,  In  blodu  tnm 
6  to  8  ft.  lone,  ot  the  dlmenaions  shown  on  the  sketch.  The  Btonse  «m 
bedded  in  I:3:S  concrete  aa  required  b;  the  apedficallDos,  liUd  to  a  true  Una 
and  srade,  and  joints  exceeding  H  In-  were  not  permitted. 

A  good  working  Foreman,  with  an  IndltTerent  Italian  crew.  peiformMt  Ita 
work.  Stones  were  placed  entirely  by  hand,  with  the  aid  of  crow-ban.  iado, 
etc.  The  contractor  thinks  It  probable  .that  cooalder  " 
have  been  effected  b;  using  a  small  poitable  derrick. 


Curb,  BetUr,  307  1 
Helper,  307  hours 


Total  . 


snatch  team  was  used 
been  conveniently 


44  returns  (630  Un.  ft.)  of  otirred  granite 
le  Blonea  were  zo  In.  deep,  6  In.  iridft 
>t  tpp  and  dressed  for  5  in.  on  the  tiux.  At  the  bottom  tbey  wi 
'  or  S  Id,  wide.    Each  piece  came  in  lengths  varying  from  4  to  T 
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iveniently  delivered  within  a  few  feet  of  their  final  location.    The  Ixyttom 

in.  of  the  Qurb  were  imbedded  in  1:3:6  concrete. 

rhe  work  was  done  by  an  energetic  and  competent  curb-setter  and  heli)er 

0  handled  their  part  of  the  work  well.  The  common  labor,  which  indiidedf 
>  excavation  of  the  trench,  moving  stones,  mixing  concrete,  etc.,  was  v^ 
ffident,  however,  and  probably  35  per  cent  of  this  cost  could  have  been 
'ed  with  first  class  laborers. 

The  curbs  were  laid  under  strict  inspection.  No  joints  over  }4  in*  were 
)wed,  and  the  bottom  of  all  curbs  had  a  true  setting  bed  in  order  to  "  secure 
niform  depth  throughout."  The  workmen  were  required  to  set  the  stones 
that  they  would  be  "free  of  depressions  and  wind,  and  true  to  Une  and 
de."  The  stones  were  set  to  a  9-ft.  radius, 
rhe  labor  costs  follow: 

Cost  of  Laying  630  Lin.  Ft.  Of  Curved  Granite  Curb 

Curb  setter,  84  hours  @  40c $  33. 60 

Helper,  56  hours  @  35c 19.60 

Labor,  342  hours  @  25c 85. 50 

$138.70 
Total  cost  per  lin.  ft.  of  labor 22  cts. 

i^ost  of  a  Cobble  Lined  Gutter,  California. — E.  Earl  Glass  gives  the  follow- 
in  Engineering  and  Contracting,  June  6,  1917. 

To  prevent  cutting  by  storm  water,  the  Los  Angeles  County  Road  Depart- 
nt  recently  constructed  a  cobble  lined  gutter  on  each  side  of  a  steep  hillside 
d.    The  adjoining  property  owners  furnished  the  cobbles  and  gravel, 
ich  they  hauled  from  a  nearby  stream  bed. 
The  gutter  (3  ft.  wide  and  7  ins.  deep  at  center)  was  roughed  out  with  plow 

1  slips  and  shaped  with  shovels.    The  soil  being  a  very  sandy  silt  furnished 
excellent  bed  for  the  stones.    Excepting  the  team  work  on  rough  grading, 

the  work  was  done  by  three  laborers  with  part  of  the  time  of  a  road 
eman. 

The  best  stones  for  this  work  are  hard,  dean,  stream  cobbles,  about  6-in.  X 
in.  faces  and  4  or  5  in.  thick.  Cobbles  are  often  laid  vertically  or  at  a 
ht  angle  as  on  street  pavements,  but  we  laid  this  work  flat,  thus  effecting 
Treat  saving  in  time  and  material,  and  getting  practically  the  same 
ults. 
^ter  400  ft.  of  gutter  had  been  laid,  one  of  the  men  would  go  back  and  wet 

gutter  until  water  showed  between  the  stones.  He  then  tamped  every 
ue  with  a  sledge.  He  mixed  half-bag  batches  of  coarse  mortar  (1 :3:5)  in  a 
rtar  box  and  shoveled  the  soupy  grout  onto  the  wet  stones.  Another 
orer  swept  the  mortar  along  with  a  street  broom,  filling  all  voids  between 
stones  with  the  concrete  and  leaving  the  gutter  section  smooth  but  showing 
rode  faces.  As  soon  as  the  mortar  was  sufficiently  set,  an  inch  depth  of 
th  was  spread  over  the  finished  gutter  and  kept  damp  for  a  week. 
Lt  all  driveways  and  in  front  of  residences  where  a  deep,  open  gutter  would 
objectionable,  the  property  owners  provided  14-in.  concrete  pipe  which 
e  laid  in  shallow  trenches  with  open  joints.  The  gutter  was  flared  to 
nect  with  these  pipe  culverts,  providing  substantial  and  artistic  head 
Is,  with  generous  capacity  for  entry  and  delivery  of  a  full  stream  of  storm 
»r. 
65 
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UUea  or  weighlB  of  ibe  matertala  which  eater  Into  the  construction  ol  tba 
t7p«s  olbriilges  for  which  the  curves  were  prepared. 

The  diagrams  are  baaed  on  through  Pratt  bridges,  designed  occordlDI 
to  the  stajLdarda  ol  the  Oregon  State  Hlghwa;  Department  for  the  louUnfl 

The;  are  In  no  way  Intended  as  a  substitute  for  careful  eBtimatlng  when  the 
Queatfon  of  aaj  croaaing  eotera  the  contract  and  construction  ataf^.  Tlw 
final  estlmatea  should  always  be  made  up  on  accurate  plans  and  details 
worked  out  for  the  particular  bridge  in  question  to  cover  onf  q>edil 
conditions. 


Men  In  the  field,  however,  are  often  called  upon  to  prepare  an  esUmats  on 
short  notice  upon  which  definite  construction  programs  nuy  be  aiithoriied 
without  further  delay.  Aftei  the  quantities  of  materials  are  obtained,  prtOM 
and  labor  costs  can  be  Judged  in  the  field  on  the  basla  ot  local  conditlana,  po- 
hapa  better  than  anywhere  else,  and  the  rough  estimate  be  made  up  In  a  abort 

The  curves  give  the  weight  ot  steel  In  both  medium  and  haaT7  traffic 
bridges  of  spana  ranging  from  60  to  260  ft. 

The  bridges  are  of  the  pony  or  low  truaa  type,  from  SO  to  00  ft.,  and  tlirai«h 
Pratt  trusses  from  100  to  260  ft. 

Roadways  are  taken  at  16  tt. 


HIOHWA  Y  BRIDGES  AND 


MHRt2W)*KXX) 
Fio.  4.— Plain   i-oncrrtr   abutments  for  three  typee  of  bridfea. 
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Uv«  iMda  tor  mediuni  tntllBc  were  assumed  at  60  lb.  for  spans  up  to  160  ft. , 
and  EO  lb.  for  spuia  over  that  leDglh.  Reaultaut  live  load  stresaea  In  tbe 
trusses  were  increased  far  Impact. 

For  beavy  traffic  the  live  loads  were  assumed  at  100  lb.  for  spaxa  up  to  ISO 
ft.,  and  75  lb.  tor  greater  lengths,  tbe  loads  given  Including  provision  tor 
impact. 

Medium  traflUc  brlilges  are  designed  toi  wood  floors  and  ialatu;  heavy 
traffic  bridges  to  eventually  carry  a  concrete  floor. 


I- 

i. 
I- 


for    heavy    traffic    ateet    bridcei. 


Coats  of  Snbitracture  of  the  Donble-Leaf  Tnmnlon  BaKola  Brldga  at 
Chicata  Ave.,  Chicago,  III.— Carl  O.  Johnson  gives  the  followlDg  detalkd 
labor  costs  In  Engineering  and  Contracting,  Nov.  4.  IS14.  Tbe  reader  Is 
referred  to  the  Oct.  24tb  and  the  Nov.  4th.  1014  Issue  of  this  pi^ier  tor  many 
additional  cuts  which  are  here  omitted  from  lack  of  space. 

Tbe  new  Chicago  Ave.  Bridge,  which  spans  tbe  Chicago  Rlvsi  at  Chicago 
Ave..  Chicago,  la  a  double-leaf  trunnion  bascule  structure  with  a  dear  span  erf 
ISl  ft.  3  ins.  and  a  length,  center  to  center  of  trunnions,  of  IBB  ft.  0  tns. 
The  bridge  has  a  clear  roadway  of  36  ft.  and  two  12-ft.  sidewalks. 

Unit  Riddina  PrUn  and  Actual  Quaj,iaiii  Plac«d.— Table  I  gives  tte  unit 
bidding  prices,  the  actual  quantities  of  materials  placed,  and  the  total  coats  of 
each  Item  ol  the  substructure  work. 

In  addition  to  the  succeaaful  a 
bids  were  received,  the  total  amoi 
100.00  and  tl  10,950.00. 

Contract  and  ContriKior'a  BitJiipmtnt. — The  contract  between  tbe  dty  at 
Chicago  and  Ityme  Bros.  Dredging  and  Engineering  Co.  was  signed  Dec,  S, 
1612,  and  notincatlontobegin  work  was  given  by  tbe  dty  Dec,  IS.  1B13.  Tlte 
lime  limit  for  this  work  was  nine  months.  Construction  work  was  actually 
begun  March  17.  IBIS,  and  the  work  was  finished  March  33,  1014. 

The  contractor  was  required  to  furnish  all  labor,  material  and  plant  ntices 
sary  for  the  construction  work,  and  was  made  responslUe  for  all  damiia  due 
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to  the  construction  of  the  substructure.     The  construction  plant  consisted 
of  the  following  equipment: 

One  6-cu.  yd.  "Marion"  dipper  dredge. 

Two  dump  8COW8,  600-cu.  yd.  capacity  each. 

Two  dump  scows,  250-cu.  yds.  capacity  each. 

One  derrick  scow  equipped  with  a  12-in.  sand  pump. 

Two  deck  scows. 

One  floating  pile  driver. 

One  shore  pile  driver. 

One  stiff-leg  derrick  with  40-ft.  wood  mast  and  80-ft.  boom. 

One  stiflf-leg  derrick  with  40-ft.  steel  mast  and  90-ft.  boom. 

One  22-HP.  hoisting  engine. 

One  30-HP.  hoisting  engine. 

One  80-HP.  locomotive  firebox  boiler. 

One  M-in-  cu.  yd.  concrete  mixer. 

Three  8-in.  centrifugal  pumps. 

One  6-in.  submerged  centrifugal  pump. 

One  4-in.  piston  pump. 

RcUes  of  Wage  and  Ditfiaion  of  Labor. — The  following  rates  of  wages  were  paid 
the  rates  being  regulated  principally  by  agreement  with  the  labor  unions: 

Superintendent,  $200  per  month. 

Timekeepers,  from  $1.50  to  $3.75  per  day;  average  rate,  35.9  cts.  per  hour. 

Watchman,  $2.50  per  day. 

Hoisting  engineers,  75  to  80  cts.  per  hour;  average  rate,  76.2  cts.  per  hour.' 

Firemen,  46  cts.  per  hour. 

Winchmen,  52)^  cts.  per  hour. 

Signalmen,  from  40  to  50  cts.  per  hour;  average  rate,  45M  cts.  per  hour. 

Carpenter  foremen,  75  cts.  per  hour. 

Carpenters,  65  cts.  per  hour. 

Carpenters'  helpers,  48  cts.  per  hour. 

Labor  foremen,  from  $4.50  to  $7.00  per  day;  average  rate,  58.2  cts.  per  hour. 

Laborers,  from  25  to  60  cts.  per  hour;  average  rate,  44.2  cts.  per  hour. 

Iron  worker  foreman,  $1.14  per  hour. 

Iron  worker  straw  boss,  93^  cts.  per  hour. 

Iron  workers,  68  cts,  per  hour. 

Machinists,  65  cts.  per  hour. 

Sewer  brick  layers,  $11.00  per  8-hour  day. 

Pile  driver  crew,  10  men  at  8  hours  each,  $43.76  per  day  (ordinary  work). 

Pile  driver  crew,  10  men  at  8  hours  each,  $53.08  per  day  (driving  steel  sheeting) 

Dredge  crew,  7  men  at  12  hours  each,  $33.00  per  day. 

Dredge  crew,  10  men  at  12  hours  each,  $38.46  per  day. 

Derrick  scow  engineer,  75  cts.  per  hour. 

Derrick  scow  fireman,  30  cts.  per  hoiu*. 

A  day,  or  shift,  was  8  hours.  The  superintendent,  timekeepers,  and  labor 
foremen  worked  8  to  12-hour  shifts.  The  average  rate  of  wage  for  aU  classes 
of  labor  for  the  entire  job  was  53  cts.  per  hour. 

Table  II  gives  the  division  of  labor  on  the  work,  classified  both  as  to  time 

and  cost. 

Table  II. — DrvisioN  or  Labor  on  Job 

Percentage      Percentile 
of  total  of  total 

Kind  of  labor.  hours  worked  cost  of  work 

Superintendent,  timekeeper,  watchman,  etc 8.6  8.2 

Engineers  and  firemen 12.4  16.7 

Carpenters 10.6  13.2 

Laborers 50.6  43.4 

Ironworkers 0.8  1.2 

Machinists 0.1  0.1 

Bricklayers 0.1  0.2 

Pile  driver  crew 14.4  16.2 

Dredge  crew 2.4  1.7 

Derrick  scow  crew 0.2  0.1 

Total  labor iOO.O  100.0 
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The  ooBt  and  the  time  required  to  sort  the  old  lumber  used  in  the  cofferdams 

aie  giyen  in  Table  VI.    The  average  rate  of  wage  for  this  work  was  47  ots.  per 

hour,  and  the  work  was  prorated  50  per  cent  to  each  cofferdam. 

Tabud  VI. — Sorting  Lumber 

Item  Total  hours     Total  cost 

Sorting  lumber 2S1H  S131.43 

The  time  and  cost  data  on  the  labor  which  may  be  classified  as  super- 
intendence is  given  in  Table  VII.  This  item  includes  the  work  of  the  super- 
intendent, timekeepers,  watchman  and  the  unclassified  time  of  the  carpenter 
and  labor  foremen.  It  amounts  to  12.1  per  cent  of  the  net  pay  roll,  the 
average  rate  of  wage  being  53  cts.  per  hour. 

Table  VII. — Superintendence 

Item  Total  hours   Total  coat 

Superintendence 9,612         95,010.01 

Table  VIII  gives  the  cost  and  the  number  of  hours  worked  on  items  per- 
taining to  the  work  of  the  derricks. 

Table  VIII. — Work  Pertaining  to  Derricks 

Total  Tota 

Item                          ^    ,     ^  *>ou"  cort 

Clearing  space  for  west  plant 47       $       18  80 

Driving  five  28-ft.  piles  Tor  derrick  foundation 85  46*  50 

Framing  west  derrick,  40-ft.  mast,  80-ft.  boom 40  26  00 

lUgging  and  erecting  west  derrick 195H  106  91 

Housing  boilers 371H  189.'  84 

Wrecking  west  derrick  and  plant 114  67.82 

Cleanins  up  site  of  plant 30  12^00 

Prorated  amount  from  Table  III 55  20!74 

Total  (average  rate  of  wage,  52  cts.  per  hour) 938       f    487.61 

Driving  three  45-ft.  and  two  30-ft.  piles  for  foundation  of 

east  derrick 40      f      21.88 

Cutting  and  framing  bent  to  above  piles 12  7! 80 

Building  crib  for  foimdation  of  derrick  sill 36  14!40 

Rigging  and  erecting  east  derrick,  40-ft.  mast.  90-ft.  boom.  291  158! 01 

General  work  on  east  plant 1 ,094H  628!40 

Prorated  amount  from  Table  III 27  14! 86 

Total  (average  rate  of  wage,  56  cts.  per  hour) 1 .500H  S    841 .34 

Unloading  east  and  west  plants 74      $      88 .85 

General  work  on  east  and  west  plants 154  92!92 

Total  (average  rate  of  wage,  55  cts.  per  hour) 226       $     126.27 

Grand  total... 2,666H  f  1.455. 22 

As  the  items  given  in  Table  VIII  were  charged  principally  to  the  derrfok 
plant,  they  were  prorated  among  the  contract  items  according  to  the  *'  derrick 
engineer"  hours  charged  against  these  items,  as  follows: 

Total  Total 

Item                                                                                          hours  cost 

Cofferdams 320  S     174.57 

Miscellaneous 160  87.84 

Excavation 480  260  12 

Concrete 586H  820.04 

Mortar 134  78.78 

Caissons  above  El.  — 45 320  174.57 

Caissons  below  El.  — 45 533  201 .02 

Setting  substructure  steel 133  78.78 

Total 2.666H  SI, 466. 82 
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and  the  lime  cboTKcd  to  the  concrete 

TaSU  IX. COHCBBTI  P 

I  unlonding  und  bcow , ,    

bhieh  und  coDcrete  from  east  pit  flooi. 

ice  for  enat  concrete  mixing  plaat 

It  concrete  miier  »nd  85M-ft.  tower  I 
4  ft.  B.  Jtl.  lumber 

race  ipacefDr' und  and  itone  on  i^ 

ncrete  chute  to  west  Bide 

«t  ooncrete  mixini  plant 

■oBe  iro*m* canal'  bints  on  wat  dde! '.  '. 
bish  Bnd  concrete  from  wext  pit.  ets. . 


1  given  In  Table  IX  were  rharged  a, 


0  ot  ConitrucCioD  and  Cost  Data  and 
done  under  each  subilivi.ilon  ot  the  c 
IB  COBt  data  will  now  be  Riven,  Eac 
ter  given  in  the  specificBtlona  and  sh 
noial  ofObsfuclioni.—'TWiS  Item  Inclt 
Ions  which  Interfered  with  the  const 
nslsted  principally  of  removing  a.  rub 
,  timber  and  pile  approaches,  parts  t 
lump  sum  bid  for  this  work  was  tei 
id  of  a  pile  driver,  a  derrick  scow  an 
or  this  work  were  divided  as  follows: 


itone.  brick,  concrete. 


t,  40  ct 
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"  B" — CofferdavM, — The  cofFerdams,  which  were  of  the  single-wall  type, 
were  built  of  steel  and  wooden  sheeting,  and  entirely  enclased  the  main  piers 
and  small  walls.  The  lump  sum  for  building,  maintaining,  protecting  and 
removing  the  two  cofferdams  was  $22,300. 

The  west  cofferdam  had  maximum  dimensions  of  86.7  ft.  by  55.3  ft.»  enclos- 
ing an  area  of  4,424  sq.  ft.  The  maximum  depth  of  water  outside  of  this  dam 
was  19.9  ft. 

The  east  cofferdam  had  maximum  dimensions  of  91.9  ft.  by  56.3  ft.,  inclos- 
ing an  area  of  4,655  sq.  ft.  The  maximum  depth  of  water  outside  of  this  dam 
was  20.9  ft. 

The  excavation  (all  soft  clay)  was  carried  down  to  a  genieral  elevation  of 

—  20.0  (the  river  being  at  elevation  about  +0.8),  from  which  depth  four 
caissons  were  sunk  to  bed  rock,  which  lies  at  an  average  elevation  of  —81.1. 
The  sites  of  the  cofferdams  were  first  cleared  with  dipper  dredges,  the  west 
cofferdam  being  dredged  from  an  original  average  depth  of  2.3  ft.  to  an  averaoe 
depth  of  10.7  ft.,  and  the  east  cofferdam,  from  an  average  depth  of  4.3  ft.  to  an 
average  depth  of  11.7  ft.  The  excavated  material  was  dumped  into  scows 
and  towed  to  dumping  grounds  in  Lake  Michigan.  The  only  dredging  paid 
for  consisted  of  that  enclosed  by  the  cofferdams,  although  considerable 
dredging  was  done  outside  of  the  cofferdam  walls.  After  the  site  was  cleared 
the  foundation  piles  and  the  cofferdam  sheeting  were  driven.  "  Lackawanna ' ' 
arched  web  sheeting,  weighing  35  lbs.  per  square  foot  and  having  a  length  of 
40  ft.,  was  used  in  the  river  and  also  up  to  a  point  about  10  ft.  inland  where  it 
connected  with  6  X  12-in.  X  28-ft.  "Wakefield"  sheet  piling.  At  the  east 
side  of  the  river  the  steel  sheeting  was  extended  along  a  nine-story  reinforced 
concrete  building  and  a  one-story  freight  house  where  their  foundations 
appeared  to  be  in  danger. 

Six  brace  piles  were  also  driven  in  each  cofferdam  to  support  temporarily  the 
system  of  bracing.  The  waling  timbers  were  of  12  X  12-in.  pine  and  were 
suspended  by  cables  which  passed  through  holes  in  the  top  of  the  steel  sheet- 
ing. A  12  X  12-in.  post  was  set  on  top  of  the  upper  tier  of  waling  and  bolted 
to  the  steel  sheeting,  the  cables  and  posts  preventing  any  movement  of  the 
waling  due  to  the  changing  elevation  of  the  water  level  within  the  cofferdam. 
The  remaining  timbers  were  either  12  X  12-in.  pine  or  waste  pieces  of  pitos. 
Where  timbers  butted  against  waling  pieces  a  4  X  12-in.  X  3  ft.  oak  block  was 
used.  Corner  braces  were  used  in  the  cofferdam  pockets  over  the  calasoiu, 
Four  sets  of  bracing  were  placed  in  each  dam — at  elevations  -i-0.6,  —6.0. 

—  10.0  and  —14.0,  the  bottom  of  the  main  excavation  being  at  eleyatlon 

—  20.0.  The  tiers  of  bracing  were  separated  by  12  X  12-in.  posts  and  were 
tied  together  with  double  ^4 -in.  tie  rods.  They  were  also  bolted  to  the  braoe 
piles  where  convenient. 

One  12-in.  and  three  8-in.  centrifugal  pumps  were  required  to  pump  the  flnt 
6  ft.  of  water  from  the  west  cofferdam,  this  pumping  requiring  about  two 
hours.  From  this  level  a  6-in.,  or  an  8-in.  pump,  operated  from  time  to  time, 
was  sufficient  to  reinove.  the  water  from  the  cofferdam.  When  the  pumping 
began,  fine  ashes  were  distributed  along  the  outside  of  the  steel  Bheeting,  whSdi 
proved  very  effective  in  stopping  leaks.  No  other  means  were  employed  to 
make  the  sheeting  watertight. 

At  the  completion  of  the  work  all  the  material  composing  the  cofferdams  and 
bracing  was  recovered  except  the  "Wakefield"  sheeting  and  43  pieces  6f  the 
"Lackawanna"  steel  sheeting. 

The  high  cast  of  i)umping  given  in  Table  X  was  due  to  the  fact  tbftt  it 
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.a  pump  part  of  the  time  both  day  and  r 
nt  at  holatlng  eDglneera  as  pumping  engi 
C  &ud  XI  give  east  data,  for  the  west  i 
wood  and  steel  sbeet  piling,  the  pumpii 
bracing  OF  the  cofferdams,  and  remoTin 
II  gives  a  summary  of  the  labor  costs  0l 
tlerdams. 


Total 
Id    piles    and 


i^S 

brace 

idcbaioi 
iTpfdt. 

If! 

lEeld  »" 

1.  X28 

barge..  . 

shUt- 

1042 


HANDBOOK  OF  CONSTRUCTION  COST 


Table  X.-^(,CorUinued) 

Pumping  Water  from  Co£Ferdam 

Infltalliiig     pump6     and 

pumping  water 5,433.5  $3,222.30 

Handling  coal  for  pumps        58  25.71 

Placing  ashes  to  water- 
proof sheeting 1.096.5  447.41 

Plugging     extraordinary 

leaks  in  dam 192.5  111.33 

Tending  boiler  plant  for 

pumping 449  284. 58 


Total 7.229.5 

Superintendence,    etc., 

12.1  per  cent 874.8 


57 


Grand  total 8, 104.3       57 


$4,091.33 

495.05 

$4,586.38 


Unloading  timber  from 
scow  to  cofferdam .... 

Placing  first  set  of  brac- 
ing  

Placing  second  set  of 
bracing 

Placing  third  set  of  brac- 
in^t 

Placing  fourth  set  of 
bracing 

Prorated  charge 

Total  (timber  used  — 
58,526  ft.  B.  M.,  of 
which  44,776  ft.  B. 
M.  was  12  X  12-in. 
waling  and  bracing.. 
Area  of  cofferdam  = 
4,424  sq.  ft.) 


Bracing  Cofferdam 


58 

230^ 

430^^ 

313 

313 
14 


32.33 

149.24 

246.08 

195.81 

195.28 
7.60 


1,359H       61 


$    826.34     58,526  ft.  B.M.  At  28.2 
hrs.  perM  —$14.20, 
44,776  ft.  B.M.  At 


or' 


Superintendence,    etc., 

12.1  per  cent 164K 

Grand  total 1,525 


28H  hra.  per  M  -> 
$17.40.  100  sq.  ft. 
area  in  81  hn.  « 
$18.70. 


99.99 


61 


Removing  braces  of  cof- 
ferdam  

Removing  pit  timbers. . . 

Pulling  141  pieces  steel 
sheeting  «  115.13  tons 


Prorated  charge. 


Removing  Cofferdam 


$  926.33  58.526  ft.  B.  M.  At  26 
hrs.  per  M  ■■  $15.00, 
or  44.776  ft.  B.M.  At 
32  hrs.  per  M  * 
$19.40.  100  sq.  ft 
area  in  85  hn.  ■• 
$21.00. 


209 
301 

800 


146 


108.15 
146.84 

521.48    PuUed.  14.1  piaoM  per 
8-hr.      daf  -  $8.70 
each,   or  94.68  per 
ton. 
79.30 


Total 1,456 

Superintendence,    etc., 

12.1  per  cent 176.2 

Grand  total 1,632.2 


59 


59 


$     866.77 

103.66 

$     959.32 
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-FoBCB  Account  and  Labor  Cost  Data  fob  East  Cof 


g  Wakefield 

pieces  Wake- 
ing,  6  X  12- 

t 

!0-ft.  piles  at 


1  chaining  2 
imps  of  45- 
nd  4  protec- 


ace  piles. . . . 
piles    and 


Driving  Wood  Piles  and  Wood  Sheeting 

Rate, 
Total         cts.  Total 

hours      per  hr.  cost 


Remarks 


12 

375 

60 

130 
30 


4.80 


140.75 

trge 

108 

855.75 

snce,    etc., 
3nt 

103.55 

204.80     Rate.  21H  pieces  per 
8-hr.  day. 

32 .  82     Rate,  13  piles  per  8-hr. 
day. 


71.11     Rate,  17  piles  per  8-hr. 

day. 
16.41     Rate.  24  piles  per  8-hr. 

day. 

66.71 
59.00 


otal . 


53 


959.3       53 


S     454.65 

55.01 

$     509.66 


3el  sheeting 
to  scow .... 

3    pieces    of 

etin^     40-ft. 

3  pieces  25- 
149.73  tons 

irge 

258 

695 
172 

Driving  Steel  Sheeting 

$     171.08 


ence,    etc., 
ient 


461 .  13     Rate,  21  pieces  per  8- 
hr.  day. 
93.50 


1.125 


136.1 


63 


$  725 .  70  Rate  13  pieces  per  8-hr. 
day  a*  $4.00  each. 
7}4  hrs.  per  ton  » 
$4.86  per  ton. 

87.81 


iotal 1.261.1 


63 


Pumping  Water  From  Cofferdam 

pumps     and 

water 4 

.366                         $2,623.56 

al  for  pumps 

34                                  18.15 

;8  for  water- 

heeting 

467                                191.47 

xtraordinary 

am 

48                                 27.86 

arts    of    cof- 

182.5        ..                   83.13 

arge 

52                                 28.00 

$  813.51  Rate,  IIH  pieces  per  8- 
hr.  day  a$4.48  each. 
8H  hrs.  pex  ton  "- 
$5.40  per  ton. 


ence,    etc., 
ent 


5.149.5       57 


623.1 


total 5.772.6 


57 


$2,972.17 

306.03 

$3,278.20 
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Tablb  Xl.—iConiinued) 

Bracing  Cofiferdam 

Unloading  timber  from 
BOOW 105 

Waling  and  mud  sills  for 

back  wall 45 

Placing  first  set  of  brac- 
ing        322 

Placing    second    set    of 

bracing 467 .  o 

Placing  tnird  set  of  brac- 
ing        270 

Placing    fourth    set     of 

bracing 339 . 5 

Prorated  charge 19 

Total  (lumber  used, 
62,845  ft.  B.  M.,  of 
which  50,646  ft.  B.  M. 
was  12  X  12-in.  waling 
and  bracing.  Area  of 
cofferdam  =  4,655  sq. 
ft.)  1,568 


65.57 

24.16 

209.30 

290.23 

170.65 

213.26 
10.50 


62 


$  973.67 


Superintendence,    etc., 

12.1  cent 189.7  117.81 

Grand  total 1.757.7       62         $1,091.48 

Removing  Cofferdam 

Removing  bracing  of  cof- 
ferdam         401  S     233. 66 

Removing  timbers  from 

pit 139  67.85 

Sawing  off  back  line  of 

Wakefield  sheeting. ...         38  1 5 .  20 

Burning  off  43  pieces 
steel  sheeting  at 
ground 32  16.66 

Pulling   138  pieces  steel 

sheeting  =  113>^  tons       r)58  357.23 

Prorated  charge. ... 96  52. 10 

Total 1 .264  59         %     742.70 

Superintendence,    etc., 

12.1  per  cent 152.9  89.87 

Grand  total 1.416.9       59         S     882. 57 


62,845  ft.  B.M.  at  24H 
nrs.  per  M.  ^%15.B0. 

50.646  ft.  B.  M.  at  31 
hrs.  per  M.  -$10.60. 

100  sq.  ft.  area  in  38.2 
hrs.  "  $21.00. 


62.845  ft.  B.  M.  at  28 
hrs.  per  M.  » $17.70. 

50,646  ft.  B.M.  at  34.7 
hrs.  per  M.  -$21.60. 

100  sq.  ft.  area  in  37.7 
hra.  -  $23.40. 


Bum  about  7  per  hx. 
The  82  hra.  indudea 
helpen'  time. 

Rate  20  pieces  per  8-lur. 
day.  $2.69  each  « 
$3.14  per  ton. 
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CII. SUMMABY   OF  LaBOR   CoSTS   OF  EaST  AMD   WSBT   CoFFBBDAMB 

— Weat  da.m East     dam —  ——Both     damB— — 

Per  Per  Per 

cent  cent  cent 

Total           of  Total          of  Total           df": 

cost          total  cost         total  ooet          i^tX 

piles     and 

for    cofifer- 

$1,272.25     16.4     $1,323.17     20.3  $  2,595.42     18  ■ 

water   from 

n 4.586.38     59.2       3.278.20     50.2       7.864.58     55.4 

offerdam....         926.33     11.95     1,091.48     16.7       2,017.81     14 
5  cofferdam..         959.32     12.45         832.57     12.8       1.791.89     12.6 

I $7,744.28  100         $6,526.42  100       $14,269.70  100  1 


Miacellaneoua  Work. — The  miscellaneous  work  included  the  following 
aking  preliminary  borings ;  furnishing  scows  and  other  suppoits  for 
3  during  the  taking  of  measurements  across  the  river;  making  tem- 
wer  diversions;  building  and  removing  shed  for  storage  of  oen^^t; 
^,  supporting,  maintaining,  and  restoring  adjacent  buildings  affected 
nstruction  of  the  cofferdams  and  substructure  (no  work  required  as 
were  not  damaged) ;  providing  office  space  aad  temporary  telephone 
iring  construction.  The  lump  sum  bid  for  this  work  was  $910.  The 
rere  made  by  the  city.  One  of  the  offices  given  below  was  1^  X 
t.  high  and  the  other,  10  X  20  X  9  ft.  highs 
tual  labor  cost  for  this  work  was  divided  as  follows: 

t      ,■.-.• 

Total  Total 

hours  cost 

"■erting  6-ft.  east  sewer  into  140-ft.  wooden 

1.522.8  $     759.32 

4-ft.  west  sewer  into  146-ft.  wooden  flume. . .  427 . 1  186. 59 

ing  two  offices.  3. 100  ft.  B.  M.  lumber  used ...  170 .  39  102. 91 

50US  work 973. 59  439.49 


iverage  wage  rate,  48  cts.  per  hour) 3,093.88       $1,488.31 

Excavation. — The  price  bid  for  excavating  the  site  of  the  piers,  tail 
abutments,  including  the  necessary  back-fill,  was  $1.29  per  cubic 

lavation  naturally  divides  itself  into  three  classes:  that  removed  bjr 

the  excavation  outside  of  the  cofferdams;  and  the  excavation  withM 

lams.     Before  excavation  was  commenced  soundings  were  taken  so 

river  bottom  at  the  bridge  site  could  be  accurately  plotted.    The 

e  cofferdams  were  then  dredged  and  the  dams  constructed.    Later, 

et  of  soundings  was  taken,  and  the  actual  quantity  of  material 

rom  the  cofferdams  by  dredging  was  compi      d  to  be  2.651.5  cu.  vds., 

I  about  39  per  cent  of  the  total  excavation.  material  vt  the 

s  was  soft,  blue  clay  and  this  was  excavated  uy  1 

idled  in  buckets  by  derricks  into  dump  scows  axx%± 

grounds  in  Lake  Michigan.     The  excavation  outside  »»■  i 

icipally  at  the  site  of  the  abutments,  was  also  clay. 

f  the  foundation  piles  was  included  in  that  classified  imu 

e  total  and  unit  labor  costs  of  excavation  are  given  in  '  m- 
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Tablb  XIII. — ^Labob  Cost  of  Excavation 

Total         Rate,  ots.  Total 

Item  •   hours  per  hr.  cost 

Dredging  Within  Cofferdams 

Dredging,  2,651.6  cu.  yds 2,168  %    712.43 

Prorated  charge 95  37.81 


Total 2,263  33  $    749.74 

Cost  per  cu.  yd.  (0.815  hrs.)  -  $0,268 
Superintendence,  etc.,  12.1  per  cent 273.8  00.72 


Grand  total 2,536.8  33  %    S40.46 

Cost  per  cu.  yd.  (0.96  hrs.)  -  $0.32 

Excavation  Outside  of  Cofferdams 
Excavation  for  east  and  west  abutments, 

1,389.7  cu.  yds 1,660  48  $     800.03 

Prorated  charge 75  . .  42.00 


Cost  per  cu.  yd.  (1.2  hrs.)  «  $0.58 

Total 1,735  ..  $    842.08 

Superintendence,     etc.,     12.1     per    cent         209.9  ..  101.80 

Grandtotal 1,944.9  48  $    943.02 

Cost  per  ou.  yd.  (1.4  hrs.)  -  $0.68 

Excavation  Outside  of  Cofferdams 

Excavation,  2,949  cu.  yds 6,258  ..  $3,136.53 

Prorated  charge 280  . .  166.31 


Total 6,538  61           $8,302.84 

Cost  per  cu.  yd.  (2.2)  hrs.  -  $1,065 

791.1  309.64 

Superintendence,  etc.,  12.1  per  cent —  

Grandtotal 7,329.1  51           $3,702.48 

Cost  per  cu.  yd.  (2.5  hrs.)  «  $1.25 

Back-fill 

Back-fiU 667  43           $     289.55 

Prorated  charge 30  . .                   14.60 


Total 697  ..  $     804.06 

Superintendence,  etc.,  12. 1  per  cent 84 . 3  . .  86.07 

Grand  total 781 .3  43  $     840.72 


Grand  total,  all  items,  6,990.2  cu.  yds. . .      12.592. 1  46  $6,826.68 

Cost  per  cu.  yd.  (1.8  hrs.)  "  $0.83 

••  E'*—Oak  Timber  in  Place.— The  price  bid  for  the  oak  timber  used  in 
constructing  docks  and  pier  protection,  bumping  timbers  in  tail  i^ts  and 
permanent  sheet  piling,  including  all  labor,  timber,  tools,  bcdts,  nuts,  'washen* 
spikes  and  other  appurtenances,  was  $62.40  per  M.  ft.  B.  M.  In  place.  The 
quantity  of  oak  lumber  placed  was  5,564  ft.  B.  M. 

Tablb  XIV. — Labor  Cost  of  Placinq  Oak  Timbbb 

Rate,  Pto  IXWO  ft. 

Total         cts.  Total     ^B.  M. 

Item  hours      per  hr.        cost      Hours       Cost 

Placing  5,564  ft.  B.  M.  oak 375  63         $236. 17       68         $42.60 

Prorated  charge 11  4. 66       ..  

Total 386  $240.83      60         $48.00 

Superintendence,    etc.,    12.1    i>er 

^nt 46.7  29.14       .. 


•  •  •  •  • 


Grand  totol 432.7        63        $260.07      78        $48.60 
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The  actual  labor  cost  of  drlying  these  piles  was  divided  as  foUows: 

Total  Totil 

Item  houn  cost 

Driving  piles  (320  piles,  9,002  Ivol.  ft.,  below  cut-o£F) 1 .  466  $    700 . 60 

Prorated  charge 366  144.00 

Total 1.732  S    048. W 

Superintendence,  etc.,  12.1  per  cent 200.45  114.21 

Grand  total 1.040.45     Sl,058.11 

Cost  (exclusive  of  prorated  charge  and  superintendence),  8  eta.  per  linear  foot 
below  cut-off;  rate,  17.4  piles  per  8-hour  day. 

Cost  (including  prorated  charge  and  superintendence),  11  cts.  per  linear  foot 
below  cut-off;  rate,  13  piles  per  8-hour  day. 

"  K" — Concrete  in  Tail  Pits,  Outside  Walls,  Sewers,  AbtUmenta  and  Footr 
ings. — The  price  bid  for  the  concrete  in  the  piers,  tail  pits,  outside  waUs, 
sewers  and  sewer  outlets,  abutments,  footings,  etc.,  including  all  labor* 
material.s.  forms,  etc.,  was  $7.25  per  cubic  yard.  This  concrete  work  did  not 
include  that  in  the  caissons,  which  was  let  under  a  separate  Item.  The 
quantity  of  concrete  placed  was  3,604  cu.  yds. 

The  concrete  used  for  this  work  and  also  for  the  caissons  was  a  1 :8US  mix. 
Part  of  the  sand  used  was  bank  torpedo,  hauled  in  by  cars  and  teamed  to  the 
site;  the  remainder  was  Lake  Michigan  torpedo  sand,  brought  to  the  site  by  a 
sand  sucker  and  unloaded  by  two  clam-shell  buckets  onto  a  moving  belt 
attached  to  a  60-ft.  boom.  By  this  arrangement  the  sand  was  placed  prao- 
tically  where  it  was  wanted.  The  crushed  stone  used  was  brought. in  hf 
teams  and  boats;  that  delivered  in  boats  being  loaded  on  skips  at  the  quanry 
and  unloaded  at  the  site  by  a  derrick. 

The  mixer  on  the  west  side  of  the  river  was  set  on  top  of  the  i^proach  and 
the  concrete  chuted  into  place.  The  materials  were  measured  in  wheel- 
barrows, a  batch  being  about  K  cu-  yd.  The  capacity  of  the  mixer  wbs  H 
cu.  yd.    Most  of  the  chutes  were  built  of  2  X  12-in.  plank  and  were  unlined. 

At  the  east  side  of  the  river  an  85-ft  wooden  tower  was  used.  The  sand 
was  delivered  by  boat.  The  tower  was  4  ft.  0  ins.  by  6  ft.  3  Ins.,  and  was 
built  of  6  X  6-in.  posts  and  2  X  6-in.  braces.  The  main  distributing  chute 
was  set  at  an  angle  of  about  30°  with  the  horizontal.  The  same  mixer  was 
used  as  for  the  west  side. 

The  forms  were  built  of  2  X  8-in.  planks  and  4  X  6-in.  studs  placed  about 
3  ft.  apart.  The  forms  on  the  inside  of  the  pit  and  on  the  outside  above  the 
water  line  were  D  and  M  lumber. 

Table  XVI  gives  the  labor  costs  for  the  concrete  work  under  item  "  K." 

"L" — Cement  Mortar  for  Facing  and  Waterproofing. — ^The  price  bid  for 
furnishing  and  placing  the  Portland  cement  mortar  used  for  facing  and  for 
waterproofing  the  courses  in  the  tail  pits  was  $11. (X)  per  cubic  yard.  The 
quantity  of  mortar  placed  was  357  cu.  yds. 

The  mortar  used  for  this  work  was  a  1:2  mix.  A  6-in.  horizontal  mortar 
course  was  placed  at  elevation  — 18,  or  about  in  the  center  of  the  tail  pit  floor, 
and  extended  from  this  course  on  the  outside  of  the  tail  pit  waUs  to  eleva- 
tion —  2,  where  the  thickness  was  reduced  to  4  ins.  From  elevation  -1-2  to  the 
toi)s  of  thase  walls  the  thickness  of  the  mortar  course  was  2  ins.  The  inside 
of  the  pit  had  a  3-in.  mortar  finish  on  the  fioor  and  a  2-in.  course  on  the  sidflB. 
The  small  walls  on  the  outside  of  the  main  piers  were  merely  spaded,  as  were 
the  abutments. 
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chinery,  etc.,  necessary  to  do  the  work  (except  steel  sheeting  and  reinforcing 
bars).  The  quantity  of  concrete  placed  was  18,648  cu.  ft.,  making  the  price 
bid  for  thia  item  $7,319.34. 

The  concrete  caisson  foimdations  were  divided  into  two  parts,  the  rec- 
tangular portion  from  elevation  —20  to  elevation  —45  and  the  circular 
portion  from  elevation  —45  to  bed  rock.  The  upper  was  already  lined  with 
steel  sheeting;  therefore  it  was  only  necessary  to  place  the  bracing,  which  con- 
sisted of  6  X  12-in.  and  12  X  12-in.  pine  spaced  about  5  ft.  apart,  as  the 
excavation  proceeded.  The  material  encountered,  down  to  elevation  —45 
was  blue  clay  and  could  be  removed  with  shovels.  It  was  first  hoisted  by 
means  of  tripods  and  windlasses  and  later  with  the  derrick,  the  latter  being 
more  economical.  The  waste  material  was  towed  in  dump  scow  to  Lake 
Michigan  for  disposal.  The  price  bid,  39H  cts.  per  cubic  foot,  included  the 
concrete  work.    The  concrete  plant  is  described  under  item  "  K." 

Table  XVIII  gives  the  labor  costs  for  the  concrete  shaft  foundations  be- 
tween elevation  —  20  and  elevation  —  45. 

Tabzjd  XVIII. — Labor  Costs  of  Concrbtb  Shafts  Bbtwbbn  Elbvations 

-20   AND     -45 

Rate, 
Total       cts.  Total        Percu.yd.* 

Item  hrs.      per  hr.        cost  Hra.     Coet 

Preliminary  Work  and  Excavation 
Loading  and  unloading  from  scow 

the  lumber  for  bracing.     32         ....     S       16.88     

Excavating  and  bracing  caissons  from 

El.  -20  to  El.  -45 2,470.5     50  1.244.28     8.58     $1.80 

Prorated  charge 320         ....  174 .57     

Total 2,822.5     51         $1,435.73     4.1       $2.06 

Superintendence,  etc.,  12.1  per  cent      341.5     ....  173.72     .... 


•   •   • 


Grandtotal 3.164.0     51         $1,609.45    4.6       $2.82 

Concreting  between  Elevation   —  20  and  Elevation   —  45 
Concreting  of  upper  part  of  caisson.   1,392.3    47         $'   649.41     2.0       $0.94 
Prorated  charge 60.1     26.90 


•  ■ 


Total 1,452.4     47         $     676.31     

Superintendence,  etc.,  12.1  per  cent.       175.7 81.83     

Grandtotal 1,628.1     47         $     758.14    2.36     $1.10 

Grand      total,     excavating     and 

concreting 4.792.1     49.5     $2,367.59     6.96     $8.48 

•  Per  cubic  foot;  0.258  hrs.;  $0,127. 

"  O" — Steel  Sheeting  jor  Concrete  Shafts.— The  price  bid  for  the  Steel  sheet- 
ing used  for  the  shaft  foundations,  including  furnishing  of  same,  driving  and 
leaving  in  place  was  2.5  cts.  per  pound.  It  was  specified  that  the  sheeting 
must  weigh  at  least  35  lbs.  per  square  foot.  The  length  of  the  steel  sheeting 
was  25  ft.  its  top  being  at  elevation  —20.5  and  its  bottom  at  elevation  —45.6. 
"Lackawanna"  arched  web  sheeting,  weighing  35  lbs.  per  square  foot  was 
used.  The  size  and  shape  of  the  top  portions  of  the  sub-foundation  plera 
were  changed  to  10.5  ft.  square  for  the  river  caissons  and  8  ft.  2  ins.  by  9  ft. 
4  ins.  for  the  anchor  pier  shafts,  to  accommodate  the  sheeting,  and  at  tbe  same 
time  give  the  same  area  as  called  for  in  the  original  plans.  The  sbeetiog  was 
all  driven  with  a  floating  pile  driver,  before  the  cofferdams  were  dosed,  so  M 
pot  to  blockade  the  river.    The  method  of  procedure  was  as  foUows: 
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"  Q" — Handling  and  Setting  Subatrueture  Steel. — The  price  bid  for  handling 
and  setting  substructure  steel  (furnished  by  contractor  for  the  superstrac- 
ture)  was  3  cts.  per  pound.    The  amount  of  steel  set  was  102.27  tons. 

The  steel  set  consisted  principally  of  four  "  knocked  down  "  trusses  spanning 
the  caissons,  two  anchor  columns,  one  floorbeam  connecting  these  columns, 
and  four  large  anchor  bolts  for  each  side  of  the  river.  The  cofferdam  bracing 
was  designed  so  as  to  avoid  interfering  with  the  erection  of  these  substructure 
trusses.  The  pieces  were  all  handled  by  the  derrick,  being  fastened  together 
with  turned  bolts.  These  x trusses  were  set  in  place  before  any  part  of  the 
main  piers  was  concreted.  When  the  concrete  reached  the  proper  height 
the  anchor  columns  and  floorbeam  were  set,  particular  care  being  taken  to  set 
them  accurately. 

Table  XXI  gives  the  labor  costs  of  handling  and  setting  the  substructure 

steel. 

Table  XXI. — Labor  Costs  of  Placing  Sdbstbuctube  Stskl 

Rate, 
.  Total      cts.  Total      — Per  ton — 

Item  hrs.     per  hr.        cost        Hrs.      Cost 

Handling  steel  from  cars  to  site 177 

Bolting  and  erecting 1 ,  154 


Total 1,331 

Prorated  charge 133 


Total 1.464 

Superintendence,  etc.,  12.1  per  cent..  .        177. 1 


93.76  1.7  f  0.92 
803.83  11.3   7.90 


S  897.59  13.0  $  8.80 
73.78  


971.37 
117.54 


Grandtotal 1,641.1     67       $1.088.9116.0  110.65 

Note. — Derrick  and  derrick  scow  were  used  about  10  days  each. 

"  R" — Furnishing  and  Erecting  Structural  Steel. — The  price  bid  for  furnish- 
ing and  erecting  structural  steel  was  2.5  cts.  per  pound.  The  quantity 
placed  was  9,136  lbs. 

This  steel  was  principally  chains  for  the  pile  clumps,  and  the  work  was  so 
closely  allied  to  the  pile  driving  that  its  labor  cost  was  merged  with  the  cost 
of  pile  driving. 

"S" — Diverting  and  Extending  Sewer. — ^The  price  bid  for  dlvierting  and 
extending  the  5-ft.  sewer  (two-ring  brick  construction),  including  excavation, 
was  $9.60  per  linear  foot. 

As  the  sewers  on  each  side  of  the  river  were  located  in  the  center  of  the  street, 
it  was  necessary  to  make  a  temporary  diversion  to  the  side  while  construction 
was  being  carried  on.  The  above  price,  $9.60  per  linear  foot,  included  the 
connection  from  the  original  sewers  to  the  new  outlets.  The  cost  of  the 
temporary  diversion  was  included  in  item  "  C."  On  the  west  side  of  the  river 
50.1  ft.  of  new  sewer  were  built,  and  on  the  east  side  19.5  ft.  were  constructed. 
Practically  all  of  this  construction  was  on  a  curve  and  through  a  15-ft.  cut. 
The  cost  of  this  work  is  given  in  Table  XXII. 

Table    XXII. — ^Labor    Cost    of    Constructino    »'>-Ft.    Sbwsr 

Rate, 
Total      cts.        Total     PerlioMrft. 
Item  hrs.     per  hr.      coet      Hn.       Cost 

Excavating    in    clay,    bracing    trench, 

pumping,  la3^ng  2-ring,   5-lt.  sewer, 

and  backfilling 1,498       52.5     $787.41     22       $11.81 

Superintendence,  etc.,  12,1  per  cent. . . .        181 .3   ....  95.28     

Total 1,679.3  52.6     $882.69     M      $12.70 
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1.  On  the  eastern  section  generally  the  abutments  were  U  shaped  and  the 
superstnictuies  were  pony  Warren  trusses  of  100-ft.  spans  and  14-ft.  clear 
roadway. 

2.  On  the  western  section  generally  the  abutments  were  wing  abutments 
and  the  superstructures  were  110-ft.  Pratt  trusses.  The  wing  abutments 
were  23  ft.  long  and  16  ft.  high,  with  18-ft.  wings  at  an  angle  of  30**. 

3.  On  the  feeder  canal  a  three-span  structure  carried  on  straight  abut- 
ments and  two-tower  piers  was  employed.  The  main  75-ft.  spans  were  pony 
Pratt  trusses  and  the  two  approaches  were  stringer  spans  of  21  ft. 

On  the  main  canal  the  bridges  had  a  clearance  of  17  ft.  over  the  water.  On 
the  feeder  canal  the  clearance  was  reduced  to  12  ft.  The  following  data 
relate  to  the  structures  used  on  the  western  section  of  the  main  canal. 

The  wing  abutments  contain  for  each  bridge  (two  abutments)  190  cu.  yds. 
of  natural  cement  concrete  in  the  footings  and  248  cu.  yds.  of  Portland  cement 
concrete  in. the  abutments  proper.  The  parapets  are  oak  timbers  12  ins.  wide 
and  22  ft.  long.  The  slopes  of  the  canal  in  front  of  each  abutment  for  a  dis- 
tance of  from  60  to  120  ft.  are  paved  with  hand  laid  rubble  for  the  first  bridges 
built  and  with  concrete  about  10  ins.  thick  for  the  bridges  built  later. 

The  steel  superstructures  were  designed  to  carry  a  live  load  of  100  lbs.  i>er 
sq.  ft.  or  an  engine  load  of  8  tons  on  axles  7  ft.  c.  to  c.  The  trusses  are  1 10-ft. 
spans,  20  ft.  high  and  spaced  10  ft.  1  in.  c.  to  c,  having  a  clearance  of  16H  ft. 
between  guards.  These  guards  are  6  X  8  in.  pine  raised  3  ins.  above  the  floor 
and  having  on  the  w;earing  side  3  X  3  X  M-in.  angles. 

The  embankment  approaches  are  21  ft.  wide  on  top,  with  side  slopes  of  1  on 
1 H  and  with  grades  running  from  3  to  6  per  cent.  The  roadways  are  surfaced 
with  gravel  or  crushed  rock  and  have  board  railings  extending  from  bridges  to 
foot  of  slope. 

The  costs  given  here  relate  to  the  substructure,  that  is,  the  concrete  abut- 
ments and  footings  and  the  adjacent  slope  paving.  The  forms  for  the  abut- 
ments were  simple,  consisting  of  opposite  posts  tied  tlu'ougfa  the  walls  at 
bottom  and  mid  height  with  bolts  and  at  the  top  above  the  wall  with  3  X 
12-in.  plank  with  short  knee  braces.  The  concrete  was  mixed  in  a  Smith 
mixer  charged  by  one-horse  dump  carts  and  was  hauled  to  the  W(nk  in  cars 
and  hoisted  by  horse  elevator  and  dumped  into  the  forms. 

The  following  is  the  detailed  cost  of  the  substructure  for  highway  bridge 

No.  34.    Excavation  and  back  fill  cost  as  follows: 

Per 
Total      eo.  yd. 

Excavation  (576.6  cu.  yds.): 

Labor $     151.52 

Stakes 3.00 


•  • 


t  ■ 


Total $     164.52  $0,288 

Back  fill  (256.4  cu.  yds.): 
Labor $       56.88  $0,220 

There  were  190  cu.  yds.  of  natural  cement  concrete  in  the  footings  which 
cost  as  follows : 

P«r 

.  ,  Total       eu.  yd. 

Concrete  Materials: 

Cement $    208.80  $1,009 

Crushed  stone 280.02     1.521 

Sand 118.00    0.504 

Total $    010.82  $8,214 
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Miscellaneous: 

Labor  receiving  materials $       19.39  SO. 078 

Miscellaneous  labor 15.42    0.062 

Coal 19.19    0.076 

Total S54.00  SO. 216 

Grand  total $1,789.84  S7.217 

The  cost  of  313  sq.  yds.  of  rubble  stone  paving  was  as  follows: 

Per 

Item  Total     sq.  yd. 

Rubble  stone S406.78  SI. 299 

Hauling  rubble  stone 83.44     0.266 

Labor  paving 180.32     0.676 

Labor  receiving  material 13. 94     0.044 

Miscellaneous  Tabor 7.86     0.025 

Total S692.34  S2.210 

The  following  expenses  were  charged  against  the  whole  work: 

Engineering  and  inspection S153.43 

Traveling 4. 08 

Chicago  office  expenscH 69 .  84 

Total S227. 36 

The  grand  total  cost  of  the  whole  work  was  $3,957.93. 
The  work  described  was  done  by  day  labor  and  the  wages  paid  were  about  as 
follows: 

Carpenters,  per  day S2.  60 

Laborers,  per  day 1 .  76 

Teamsters  with  team 3. 00 

An  8-hour  day  was  worked. 

In  Table  XXIV  are  given  the  masonry  and  slope  paving  costs  of  20  otlier 
bridges  of  the  same  type  as  that  described. 

Table  XXIV. 

National  cement,  Portland  cement, 

concrete concrete Slope  paviinf— 

No.  of        No.  cu.        Per  cu.        No.  cu.        Per  cu.        No.  sq.  Per  sq. 

bridge  yds.  yd.  yds.  yd.  yds.  yd. 

17A  200  $7. 10  248  $8. 97  ...  

18A  200  6. 20  248  8. 64  ...  

20  234  6.99  248  8.24  ...  

21  252  6.54  248  8.73  340  S2.04 

22  304  6. 39  248  8. 86  ...  

23  200  5.38  248  7.52  340  1.95 

24  156  6.31  248  7.93  340  1.82 

25  190  5.85  248  7.59  340  2.39 

26  201  5.66  248  8.21  340  2.32 

27  156  6.05  248  7.71  348  1.94 

28  19U  5.41  248  7.94  343  1.92 

29  156  5.93  248  7.39  339  1.94 

30  156  5.89  248  8.21  339  1.92 

31  190  5.18  248  7.40  313  1.94 

32  190  5.62  248  7.83  313  2.28 

33  200  5.90  248  8.12  313  2.20 
35  190  5.11  248  6.96  304  2.81 

37  190  4.98  248  7.21  345  1.91 

38  133  6.32  248  7.07  276  8.4S3 

39  ...  248  7.05  270  ,2.3fl 

Cost  of  Dismantling  an  Old  Highway  Bridge  and  Brecting  New  TlniM  and 
Girder  Spans. — George  Harper  gives  the  following  data  In  Engineering  imd 
Contracting,  Dec.  24,  1913. 

The  following  data  apply  to  the  dismantling  of  an  old  highway  ated  tniaa 
bridge,  with  roadway  and  sidewalks,  and  to  the  erection  In  its  plaoe' dT  a  new 
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work  was  increased  due  to  the  difficulty  of  removing  the  old  piers,  which  were 
in  bad  condition.  The  time  required,  the  rate  of  wage,  and  the  cost  of  ibe 
work,  exclusive  of  materials,  are  shown  in  Table  XXV. 

The  work  on  the  river  span  was  done  during  May  and  August  and  that  on 
the  span  over  the  railroad  tracks  during  October  and  November,  1910. 

Cost  of  Erecting  the  St.  Paul,  Neb.,  State  Aid  Bridge.— Geo.  K.  Leonard 
gives  the  following  data  in  Engineering  and  Contracting,  Feb.  28,  1917. 

The  contract  for  this  bridge  was  let  in  September,  1915.  It  is  located  one 
mile  from  the  town  of  St.  Paul,  Neb.,  and  eictends  over  the  Middle  Loup  River. 
The  right  of  way  adjoins  that  of  the  Union  Pacific  R.  R.  and  the  same  length 
of  spans  was  used  so  that  the  piers  in  the  two  bridges  would  fall  in  the  same 
line.    The  entire  bed  of  the  river  at  this  point  is  composed  of  fine  sand  with 
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Fia.  7.— General  layout  of  St.  Paul,  Neb.,  state  aid  bridge  and  matmal  quan- 
tities involved. 

some  gravel  too  deep  to  excavate  economically  for  concrete.  During  the 
summer  the  river  is  practically  dry  with  the  exception  of  one  <^bftnf>o|  under 
Span  No.  5.  The  general  layout  of  the  structure  is  shown  In  Fig.  1.  The 
material  quantities  also  are  shown  in  this  cut. 

The  sui)erstructure  is  composed  of  five  8-panel  145-ft.  pin-connected  curved 
chord  trusses  and  one  20-ft.  I-beam  span,  all  with  a  16-ft.  roadway ,  canying  a 
H-in.  concrete  floor.  It  was  designed  to  carry  a  live  load  of  75  U>«  per  square 
foot,  or  a  15-ton  traction  engine. 

'I'lie  .substructure  includes  five  mass  concrete  pieis  and  two  leinforoed 
concrete  abutments  resting  on  35-ft.  cjrpress  piles.  A  row  of  7-ln.  Ladca- 
wanna  steel  sheet  piling  20  ft.  long  is  driven  under  the  whole  length  of  each 
abutment  and  adjoining  these  on  Abutment  No.  2  additional  piling  aie  driven 
for  protecting  the  approach.  The  concrete  extends  to  a  depth  of  S  ft.  below 
the  low  water  level  and  the  piles  are  embedded  in  the  footinga  2  ft. 
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around  the  face  and  wood  forms  had  to  be  sunk  around  the  rear.  Abutment 
No.  1  was  finished  last. 

At  the  start  a  H-yd.  mixer  was  used,  being  run  by  a  gras  engine.  Later  a 
steam  engine  and  boiler  were  used.  In  mixing  for  Piers  Nos.  1  and  2  the 
mixer  was  set  over  the  forms,  but  it  was  then  moved  to  the  end  of  the  bridge 
and  the  rest  of  the  concrete  was  mixed  there  and  hauled  to  the  forms  in  Koppel 
cars. 

The  cost  of  the  plant  and  its  distribution  is  as  follows: 

Making  working  platform $  85 .  00 

Makini^  tool  and  cement  house 30 .  00 

Unloading  and  erecting  derrick 88 .  00 

Erecting  and  moving  concrete  plant 164 .  90 

Repairs  on  derrick 104 .  80 

Wrecking  and  loading  out  plant 178.75 

Hauling 8.20 

Total $749.74 

This  was  charged  to  the  various  branches  of  the  work  according  to  the  time 
spent  on  same.  If  the  unit  costs  are  desired  without  the  plant  included  it  is 
very  easily  found. 

Following  is  the  distribution  of  the  plant  cost  to  the  various  branches: 

Total 
Kind  of  work  Repairs         charged 

Driving  falsework S  53. 52  S  27. 35  $80.87 

Driving  sheet  piling 12 .  05              12 .  05 

Driving  wood  piUng 16:5.56  80.47  246.03 

Driving  cofferdam  piling 74 . 00  78. 32 .  152 . 32 

Steel  erection 84.82  8.76  93. 57 

Concreting 164.90             164.90 

Totaling $554.85  $194.89        $749.74 

Coal:  Cost  per  ton       Total  cost 

166.2  tons $6.43  $1,068.66 

Unloading .185  30.74 

Hauling 3.27  64.40 

Total $6,942  $1,158.80 

Construction  Coats 

Superstructure 
Falsework: 

Labor  driWn^ $     711 .  66 

Labor  removmg 112. 15 

Coal  (18  tons) 126.00 

Plant 80.87 

Total $1 .029. 57 

Cost  per  span 206. 91 

Cost  per  hn.  ft.  bridge 1 .42 

Cost  per  ton  steel 4 .  90 

These  units  include  laying  floor  beams  and  enough  joists  to  carry  the  traveler. 
Erecting  (excluding  approach): 

Labor  erecting $     936.85 

Coal  (28  tons) 194.20 

Plant 93.67 

Total $1,224.62 

Cost  per  span / 244.92 

Cost  per  lin,  ft.  bridge 1 .  69 

Cost  per  ton  steel 6. 83 

Labor  erecting  approacli 6.40 

Cost  per  ton 2.61 
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Substructure 

Wood  piles  (top  of  piles  driven  12  in.  below  low  water) : 

Per  lin.  ft.  Per  pile  Total 

Labor  pointing  and  carrying  to  position .. .     SO. 0313  $  1.059     S     135.61 

Labor  driving 1159  3.926  502.31 

Coal  (56  tons) 0897  3.035  388.50 

Plant .0569  1.908  246.03 

Hauling 0049  .166  21.26 

Total $0.2987       $10,093     $1,293.70 

4,330  Un.  ft.  piling 156  5.42  671. 15 

Total  cost  piUng $0.4537       $15,513     $1,064.85 

8teel  sheet  piles  (top  of  piles  driven  to  water  line) : 

Per  sq.  ft.  Per  lin.  ft.  Per  pile  Total 

Labor  carrying  to  position $0.01762  $0.01014  $0,244       $       75.05 

Labor  driving 0835  .048  1.059  350.56 

Coal  (4  tons) 00644  .00371  .082  27.76 

Plant 0028  .00161  .036  12.05 

Hauling .00356  .00204  .045  16.32 

Total $0.11392     $0.06550       $1,445       $    490.63 

PiUng .4618  .27  5.93  2.018.15 

Total  cost  piling '.  .  .   $0. 57572     $0. 33550       $7. 375      $2. 608.78 

Lumber: 

31.5  M  ft.  B.  M $861.55 

Cost  per  yard  concrete 1 .36 

Forms: 

Abutments — 

Labor  placing ".  .   $333.00 

Labor  removing 86.00 

Total $370.80 

Cost  per  yard  concrete 3. 63 

Piers  (including  placing  small  amount  of  steel)-— 

Labor  placing; $270. 74 

Labor  removing 55. 00 

Total $334.74 

Cost  per  yard  concrete 1. 18 

Floor- 
Labor  placing $200. 70 

Labor  removing 118.20 

Total $408.00 

Cost  per  yard  concrete 1 .  70 

Cement: 

Per  bbl.        Total  cost 

077  barrels $1.80        $1,758.60 

Unloading .062      $        60.87 

HauUng 066  64.00 

Total $1,027      $1,882.07 

Barrels  per  yard  (foundation) 1 .45 

Cost  per  yard  concrete $2.80 

Barrels  per  yard  (floor) 1 .  65 

Cost  per  yard  concrete $8. 18 

travel: 

Per  ton      Total  cost 

1,096  tons $1.21         $1,327.08 

Unloading 157  171.58 

HauUng 327  858.00 

Total $1,604      81.807.15 

Tons  per  yard  concrete 1^715 

Coet  per  yard  concrete 88.90 


HIGHWAY  BRIDGES  AND  CULVERTS 


r  yard  concrete, 
tions — 


i 


)lacing. 


r  pii 

(10  tons), 
ne  (250  gal.) 


tal 

per  yard  concrete. 


•  placing . . 
(9.7  tons) , 


tal • I 

per  yard  concrete 

18  (5  piers  only): 

ig  site % 

piles 

piles 

ang 


1.5  tons) 

r  yard  concrete. 


370.89       3.53  334.74  1.13 

294.00       2.80  829.80  2.80 

304.50       2.90  858.40  2.90 

246.55       2.35  694.90  2.35 

s 1.331.40  .4.50 


$1,357.29  $12.93  $4,448.34  $15 

larged  to  concrete 


Reinfgrci.ng 


abutments. 

•  ton 

floor 

•  ton 


Total  Cost  of  Bridge 


ture 

ire _.  .  . 

ous  material 

reman 

?hman 


Summary  Concrete 

-Abutments Piers — — 

Total     Per  yd.         Total    Per  yd. 
141.35  $  1.35  $     399.10  $1.35$ 


Per  ton 
$60.00 
.382 
.327 

$60,709       $  1 


Summary  Substructure 

3 $    1 

piles 2 

i 

K 1 


$14 


1064  HANDBOOK  OF  CONSTRUCTION  COST 

Cost  of  a  Steel  Highway  Bridge  in  Texas. — William  C.  Davidson  gives  the 
following  costs  in  Engineering  and  Contracting,  Oct.  25,  1916. 

Ttie  bridge  was  built  in  McLennan  County,  Texas,  about  10  mUes  from 
Waco.  It  spans  Aquilla  Creek,  one  of  the  larger  tributary  streams  of  the 
Brazos  River.  The  structure  has  a  total  length  of  273  ft.,  consisting  of  120  ft. 
of  main  span  and  153  ft  of  timber  trestle  approaches. 

The  work  was  handled  imder  direct  supervision  of  the  county  engineer. 
An  experienced  steel  bridge  foreman  was  employed  to  superintend  the  con- 
struction work,  which  was  in  direct  charge  of  the  writer  as  assistant  engineer. 
Foundation  excavation  was  commenced  about  July  1,  1915,  and  two  months 
later  the  road  and  bridge  were  opened  to  traffic.  To  obtain  a  more  direct 
aUgnment  the  site  of  the  new  bridge  was  moved  several  feet  upstream  from 
the  site  of  the  old  structure. 

Labor  for  handling  the  work  was  obtained  locally  with  the  exception  of  a 
form-builder  who  was  obtained  from  Waco.  Common  labor  was  obtained  at 
f  1.50  to  $1.75  per  day  of  eight  hours  each.  The  form  builder  was  paid  at  the 
rate  of  $3  per  day.  Practically  all  the  hauling  was  done  under  contract. 
Miscellaneous  teaming  was  paid  for  at  the  rate  of  $0.40  per  hoiu*.  The  fore- 
man was  employed  at  $4  iter  day  straight  time,  no  overtime  being  allowed 
for  more  than  an  eight-hour  day.  Laborers  were  paid  overtime  for  aU  work 
exceeding  eight  hours  per  day.  It  was  necessary  to  haul  a  part  of  the  material, 
such  as  form  lumber,  tools,  equipment  for  camp  outfit  and  other  miscellaneous 
supplies,  from  Waco.  This  teaming  was  done  by  one  of  the  county  mainte- 
nance outfits,  at  a  cost  of  $3  per  day. 

The  nearest  railroad  spur  was  situated  a  distance  of  five  miles  from  the  site 
of  the  bridge.  Cement,  structural  steel,  bridge  lumber,  piling  and  wood  pie- 
server  for  treating  certain  portions  of  the  wood  work,  were  shipped  to  this 
point.  The  hauling  of  this  material,  to  the  site  was  contracted  to  a  local 
teamster  at  the  following  prices:  Cement,  6H  ct.  per  sack;  bridge  lumber. 
25  ct.  per  100  ft.  B.  M.;  structural  steel,  $1  per  ton.  The  piling  and  wood 
preserver  were  hauled  to  the  site  at  a  cost  of  $0.40  per  hour  for  man  and  team. 
Gravel  for  the  pile  footings  and  concrete  piers  was  also  hauled  under  contractt 
from  local  pits  situated  two  and  five  miles  from  the  site,  respectively.  From 
the  pit  located  two  miles  distant,  130  cu.  yd.  were  obtained  at  a  cost  of  SO  JO 
per  yard  for  the  hauling  and  $0.10  per  yard  for  the  gravel.  Added  to  the 
above  cost  was  that  of  stripping  the  pit  which  amounted  to  $0.11  per  yard, 
making  a  total  cost  per  yard  at  the  site  of  $0.71.  Owing  to  the  fact  that  the 
above  pit  would  not  supply  sufficient  gravel  to  construct  the  piers  and  footinicf , 
it  became  necessary  to  haul  39K  cu.  yd.  from  another  local  pit  situated  five 
miles  from  the  site.  This  gravel  was  contracted  at  $1.15  per  cubic  srard  for 
loading  and  hauling  and  $0. 10  i)er  cubic  yard  for  the  gravel,  making  a  total 
cost  at  the  site  of  $1.25  per  cubic  yard.  No  stripping  was  necessary  at  this 
pit.  Tickets  were  issued  to  the  teamsters  by  the  foreman  for  each  load  of 
gravel  as  it  was  received  at  the  site,  and  payment  was  made  upon  the  basis 
of  these  tickets.  The  invoices  of  the  material  companies  were  taken  as  the 
basis  of  payment  for  the  haul  of  cement,  steel  and  lumber. 

The  concrete  used  in  the  construction  of  the  piers  was  mixed  hi  the  propor- 
tion of  one  part  of  cement  to  six  parts  of  pit  run  gravel.  A  form  flnish  was 
given  the  outer  surface  of  the  piers.  Vertical  and  horizontal  reinflorcing  rodi 
were  used  as  shown  on  the  pier  detail.  The  steel  was  designed  for  wbaX  ww 
designated  in  the  standard  specifications  as  a  "  Class  B  Loading."  This  con- 
sisted of  a  load  of  80  lb.  per  square  foot  of  total  floor  siuf ace,  heiDg  the  aqylvft- 
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unit  cost  of  $0.67.  Mixing  and  placing  of  concrete  cost  $78.30.  The  total 
cubic  yardage  of  concrete  in  the  piers  and  pile  footings  amounted  to  126.7. 
from  which  Js  deduced  a  cost  of  $0.62  per  cubic  yard.  Water  used  in  mixing 
the  concrete  was  obtained  from  the  creels  at  the  site  by  means  of  a  hand 
pump.  It  was  pumped  into  barrels  to  an  elavation  of  about  20  ft.  above  the 
creek,  from  which  it  was  conveyed  by  means  of  buckets  to  the  mixer.  Tbe 
piers  were  poured  to  an  elevation  slightly  above  the  ground,  then  the  ap- 
proaches were  built  and  the  mixer  placed  upon  them,  from  which  the  re-' 
mainder  was  poured  without  difi9culty. 

The  piers  being  of  rather  unusual  design,  involved  expensive  fonn  woric 
from  the  standpoint  of  labor,  the  total  cost  being  $165.05,  or  a  unit  cost  per 
yard  of  concrete,  of  $1.33.  The  lumber,  wire,  nails,  removal  of  forms  and 
the  hauling  of  form  lumber  amounted  to  $140.79,  with  a  resultant  unit  coft 
for  material  of  $1.12  per  cubic  yard.  Therefore  the  total  unit  cost  for  fOBDS 
was  $2.45  per  cubic  yard,  which  is  somewhat  higher  than  is  to  be  expected  for 
form  work  on  piers. 

The  total  cost  of  the  cement  at  the  site,  including  first  cost,  h«mHtig  and 
storage,  was  $215.43,  from  which  it  is  estimated  that  the  cost  for  cement  per 
cubic  yard  of  concrete  amounts  to  $1.70.  The  concrete  gravel  coat  at  tbe 
site  $142.18,  including  first  cost,  hauling  and  stripping  of  pits.  This  results 
in  a  unit  cost  of  $1 .  13  per  cubic  yard.  The  cost  of  water  for  the  concrete  was 
included  in  the  item  "mixing  and  placing"  and  the  cost  of  placing  reinfordng 
steel  was  not  separated  from  that  of  building  forms.  From  the  foregoing  a 
sununary  of  cost  per  cubic  yard  of  concrete  is  as  follows: 

Cement $1 .70 

Gravel 1 .  18 

Forms 2.45 

Mixing  and  placing 62 

Supplies  for  mixer 02 

Foreman 88 

Total $6.80 

The  bridge  was  erected  at  a  total  cost  for  labor  on  superstructure  and  fabe 
work  of  $258.50,  which  cost  included  the  erection  of  steel  and  the  decking  of 
main  span  and  approaches.  A  cost  of  $0.95  per  linear  foot  of  bridge  is 
deduced  from  the  foregoing.  It  required  material  amounting  to  $31.85  to 
paint  the  steel  work,  with  a  corresponding  cost  per  ton  of  steel  of  $1.40. 
Labor  required  amounted  to  $14.90  or  a  cost  per  ton  of  steel  of  $0.70.  Hie 
total  cost,  therefore,  per  ton  of  steel  for  labor  and  material  was  $2.10. 

Unit  Costs  of  Constructing  Plate-Girder  Bridges  with  Coiicret*  SvV- 
structures  in  Chicago. — The  following  data  are  taken  from  an  artide  in 
Engineering  News,  Aug.  27,  1914,  by  Harry  J.  McDargh. 

In  erecting  seven  plate  girder  bridges  on  west  fork  of  the  North  Braiidi  of 
the  Chicago  River  the  work  was  carried  out  by  the  use  of  day  labor,  llie 
field  organization  consisted  of  an  engineer  (Mr.  McDargh)  acting  m  genenl . 
superintendent;  an  instrument  man  as  time-keeper  and  material  deik;  a 
foreman  of  carpenters,  cement  mixers  and  laborers  and  in  charge  of  aubstiuo- 
ture  construction,  and  a  foreman  of  bridge  and  structural-iron  worken  In 
charge  of  erection  of  the  superstructure.  The  rates  of  wagoa  (unloii  aoM) 
were  as  follows: 

Foremen 80      ota.  par  hour. 

Engineman  (for  hoisting) 72H  eta.  p«r  hour. 

Carpenters 65      eta.  par  hoar. 

Laborers 40      eta.  par  hour. 


tng  walls  of  the  substructure  end  in  a,  circular  return  and  come  to 
tt.  of  %be  propeit;  tiaf.  All  streets  lire  66  ft.  wide.  The  esthetic 
.t  of  both  the  substructure  and  auperatnicture  -mta  recommended 
hlcago  Plan  Commission,  and  the  resulting  structure  is  quite  effective 
lance.  Excavation  for  the  substi-ucture  was  made  through  Iomd. 
id  stiff  blue  ciay  to  a  depth  of  at  least  SH  tt.  below  low  water  to  allow 
slble  future  dredging  o(  this  stream. 

'erage  depth  of  excavation  was  26  ft.  below  the  curb  girade.  and  eacli 
beathed  tight  to  blue  clay,  due  to  the  water-bearing  gravel  and  the 
y  to  the  river.  No  extraordinary  conditions  were  encounterftd. 
on  of  the  blue  clay  was 
in  small  chunks  by  the  u: 
-as  found  advisable. 

id  ProfTtu  0/  IVor*.— The  substructures  at  N.  40th  Ave.  and  N.  48th 
e  started  during  the  fall  of  1912,  but  all  work  was  suspended  before 
if  the  year.     Work  was  again  stalled  May  9,  1913,  and  tbrea  othMj| 
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substructures  (at  Central  Park  Ave.,  Kedzie  Ave.  and  56th  Ave.)  were  oom^ 
pleted  during  the  year.  The  substructure  at  Forest  Glen  Ave.  was  00  per 
oent  completed  on  Dec.  31,  and  was  entirely  completed  Jan.  29,  1014. 

The  superstructure  steel  for  N.  40th  Ave.  was  delivered  on  the  site  July  % 
the  erection  completed  Aug.  12  and  the  roadway  opened  to  trafBc  Sept  1. 
Erection  of  48th  Ave.  superstructure  was  started  July  31,  completed  Sept 
3,  and  the  roadway  opened  to  traffic  on  Oct.  1. 

The  next  superstructure  steel  arrived  Oct.  21,  and  was  erected  at  Centnl 
Park  Ave.  and  this  bridge  opened  to  traffic  on  Dec.  20. 

The  steel  for  the  Kedzie  Ave.  superstnicture  arrived  on  Dec.  4,  erection  wu 
completed  Dec.  27,  and  the  roadway  opened  to  traffic  Feb.  14,  1914.  BrB^ 
tion  of  the  superstructure  at  56th  Ave.  was  started  Dec.  29,  completed  Jis. 
28,  and  the  roadway  opened  to  traffic  Feb.  26.  At  Forest  Glen  Ave.  the 
delivery  of  the  steel  was  started  Feb.  9,  but  was  tied  up  until  Feb.  20  tqrft 
strike  on  the  company  furnishing  the  material.  Erection  was  completed  Mir. 
12,  and  the  roadway  opened  to  traffic  on  Apr.  7,  1914. 

The  erection  of  the  steelwork  was  done  without  the  aid  of  power  machinery 
and  all  riveting  was  by  hand.     The  cost  varied  from  0.76  to  0.77c.  per  lb. 

The  creosoted  wood-block  pavement  with  sub-planking  and  aleepen  OGSt 
for  material  $4  per  sq.  yd . ;  the  labor  for  placing  averaged  81  Mc  per  sq.  yd.  for 
roadways  without  car  trades  and  $1.40  on  the  roadway  with  car  tracks. 

The  widths  of  the  roadways  leading  to  the  bridges  were  in  most  cases  about 
18  ft.  and  these  were  widened  to  meet  the  approaches  of  the  new  bridge  at  a 
cost  varying  from  74.7  to  95.  lets,  per  cu.  yd. 

For  excavation,  backfill,  cofifer-dam,  sheathing  and  pumping,  the  cost  on  the 
several  jobs  varied  from  $1.23  to  $1.55  per  cu.  yd.  The  substructuie  con- 
crete (1:3:6)  varied  in  cost  as  follows: 

Labor  for  handling  sand,  stone  and  cement  to  mixer,  mixing  and  pladng  in 
forms,  $1,291  to  $1,408  per  cu.  yd.  Part  of  this  variance  in  the  cost  of  labor 
was  due  to  the  imeconomical  method  necessary  in  handling  the  material, 
as  it  was  compulsory  to  keep  the  narrow  roadways  open  and  the  material  wis 
scattered  along  the  side  of  the  road  for  a  distance  of  600  ft.  from  the  bridge  on 
each  side  of  the  river. 

Material  cost  $3,778  to  $4,558  per  cu.  yd.  of  concrete.  This  vsrianoe  wis 
due  to  difference  in  length  of  haul  for  delivery. 

Forms,  including  labor  and  material,  cost  $1,580  to  $1,086  per  cu.  yd.  of 
concrete. 

Cost  of  Moving  Small  Highway  Bridge  in  Chicago. — ^In  replacing  a  bridge 
at  Kedzie  Ave.  over  the  west  fork  of  the  North  Branch  of  the  Chicago  River  is 
1914.  it  was  decided  that  the  bridge  could  be  moved  to  Foster  Ave.,  an  unfan- 
portant  thoroughfare,  and  that  it  would  serve  10  yrs.  or  more  at  this,  its  third 
place  of  usefulness.  Harry  J.  McDargh  in  Engineering  News,  Aug.  27,  1014 
gives  the  cost  of  moving  the  bridge  as  follows: 

The  old  structure  was  a  wrought-iron  through-truss  bridge,  68  ft.  long  and 
.'{6  ft.  wide  over  all  and  weighed  35  tons.  The  truss  whfle  beinf  "hoon 
moved"  was  carried  on  two  sets  of  12  X  12-in.  timbers  6  ft.  c.  to  C  placed 
symmetrically  to  the  center  of  the  bridge.  Using  wood  roUers  oa  a  tiinber 
runway  and  a  crub,  the  tru.ss  was  moved  4,300  ft.  and  set  upon  benti  for 
$383.60.     The  rates  of  wages  (union  scale)  were  as  follows: 

Foreman 80  ots.  per  hour 

Carpenters 65  ots.  per  hour 

Laborers 40  ots.  per  hoar 


HIGHWAY  BR 


i  bjr  tbe  ( 
slug  {abrioted  at  Beaver 
main  span  oF  the  bridge 
lel  through  riveted  Warn 
dear  roitdwar  and  tvo  6 
:ts.  Tbe  loBdwoy  hu  : 
Ts  and  provides  lot  n  dou 
t  of  Jacksting  with  Caai 
■nctiue. — Three  maaonry  i 
rere  repaired  In  1911  b;  b 
portions.  The  old  piera  1 
low  water  were  of  squarei 
re  of  lime  and  natural  cen 
1  hewn  pine  ciibB  filled  wl 
theiiiiig  work  waa  consldc 
itructure  beiog  built  to  rep 
nl«red  In  this  work  and 
bed  by  E.  E.  Greenwood.  ■ 
y  ol  Civil  Engtaeers,  from 
ing  abstract  in  the  Issue  o 
I  river  bed  at  this  point  c 
out.  The  depth  of  watet 
.  12  or  14  ft.  at  the  plera, 
>ld  piers  were  protected  by 
)  coming  up  above  low  wai 
e  nature  of  repairs  decided  i 
id  each  structure  up  to  the  1 
ork,  above  low  water,  by  i 
:he  old  piers  about  3  ft.  aE 
■  the  old  work  was  to  be  thi 
.hlckness  of  this  concrete  ja 
e  top  two  and  one-half  feet 
.  account  ot  the  uncertaint; 
fork  should  progress  it  was 


by  the  day  under  the  supc 

jrepare  a  foundation  for  the 
h  was  impra<»icab1e  It  was 
two  divers'  outfits  were  orgi 
is  were  removed  to  such  i 
wa.1  found  that  the  old  ripi 
■y  to  go  down  to  the  old  ri' 
y  from  3  to  10  (t,  below  iov 
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This  crib  was  built  of  8  X  8-ln.  hemlock  timber  and  divided  into  diecia 
about  8  ft.  square,  each  alternate  check  being  floored  over  to  contain  lodu 
for  sinking  it.  The  crib  was  built  up  to  2  or  3  ft.  above  water  at  low  tide, 
thus  giving  something  on  which  to  work  while  the  tide  was  out  to  buHd  the 
forms  in  the  ordinary  manner  above  that  height.  After  the  crib  "vraa  gromided 
all  the  checks  were  filled  with  field  stone  and  a  quantity  of  the  larger  slied 
stones  was  deposited  outside  the  crib  as  an  extra  precaution  against  scour. 
The  inner  side  of  the  crib  was  then  lined  with  vertical  matched  spruce  {dank 
driven  as  much  as  possible  in  the  bed  and  all  holes  at  the  bottom  thorough 
chinked  by  divers,  thus  giving  an  almost  water-tight  form  for  the  ooocnte. 
The  concrete  was  then  deposited  in  the  water,  partly  by  means  of  the  bottom 
dump  bucket  and  partly  by  means  of  the  flexible  chute  method,  ahrajs 
endeavoring  to  deposit  the  mixture  with  the  least  possible  wash.  After  leadi- 
ing  the  height  of  low  water  the  work  was  mostly  done  by  working  a  f^w  houn 
at  a  time  while  the  tide  was  out  The  concrete  in  general  was  a  1 : 2 : 4  mixture 
of  Portland  cement,  sand  and  crushed  rock.  In  the  abutment  where  the  wmk 
was  all  above  water  a  1 : 3 : 6  mixture  was  used.  This  piece  constituted  about 
one-sixth  of  the  entire  job.  A  Smith  mixer  of  1  cu.  yd.  capacity  was  used  on 
all  of  the  work. 

The  cement  was  delivered  on  the  work  by  the  local  dealers  for  91.73  per 
barrel.  Sand  was  delivered  for  SI. 60  per  load  of  about  1^  cu.  yds.  or  it 
about  $1.20  per  cubic  yard.  Crushed  rock  cost  delivered  on  the  work  tSJ6 
per  cubic  yard.  Labor  cost  $2  per  day  of  nine  hours.  Hemlock  lumber  cost 
$18  per  thousand  and  spruce  lumber  $22  per  thousand  delivered. 

An  accurate  account  was  kept  of  the  total  cost  but  the  exact  dlvisioii 
between  the  different  classes  as  given  below  is  something  of  kd.  eettnuite  but  k 
believed  to  be  quite  near  the  facts.  The  total  amount  of  concrete  buIK 
assuming  that  5  per  cent  of  the  total  entered  the  cavities  of  the  oM  mark  wis 
2,190  cu.  yds. 

Lumber  for  crib  work  and  forms  cost $  1 ,922 

Tools  bought  and  hired 800 

Field  stone  for'filling  cribs 856 

Teaming 112 

Cement 4,249 

Sand l.OW 

Cruslied  rock 8t £82 

Liability  insurance 125 

Coal 112 

Incidentals  and  office  expenses 575 

Labor  on  cribs,  forms  and  concrete 5,387 

Preparing  foundations  under  water 5 ,  100 

Alaking  anchor  connections  with  old  work 400 

Iron  for  reinforcing  and  for  protecting  comers 490 

Pointing  up  old  work  above  concrete  jacket 300 

liiprapping  outside  of  cribs 200 

Engineering 1 ,  850 

Total $26,080 

Less  estimated  Halvago  on  tools  and  lumber 500 

Not  cost $25,560 

This  gives  a  cost  of  $11.68  ikt  cubic  yani  for  tlie  whole  job.  But  If  we 
omit  the  lust  six  items  above  mentioned  as  not  usually  chaigeable  to  the  juA 
price  of  concrete,  we  have  $8.32  as  the  net  yard  price  wbidi  indudee  the  eoit 

of  all  crib  work  and  forms. 
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reduce  the  amount  of  material  and  consequently  cuts  down  the  cost.  The 
stresses  arising  in  the  superstructure  are  transmitted  into  the  girders  by  means 
of  a  thin  doubly  reinforced  floor,  which  acts  as  a  beam  partially  fixed  and 
partially  continuous.  The  girders  themselves  are  reinforced  for  main  and 
diagonal  tension  both  by  bent  up  rods  and  by  stirrups. 

In  the  through  type  of  girder  construction  (see  Fig.  11)  two  main  side  giiden 
support  the  floor,  which  is  hung  or  suspended  between  them.    The  main 


^0''aeorBod\^>/a/. 


Fig.  10. — Cross   section   of  standard   24-ft.   reinforced    concrete  deck  i^bdcr 

bridge — Iowa  Highway  Commission. 

girders  act  as  simple  beams  and  the  floor  as  a  partially  fixed  beam,  the  pdnt 
of  contraflexure  behig  taken  at  about  12  ins.  from  the  girder,  this  dtetancB 
being  based  upon  experiment.  A  comparison  of  quantities  for  the  three 
types  of  superstructure  is  graphically  shown  in  Fig.  9.  The  economy  of  ooat 
of  the  deck  type  over  the  through  type  is  probably  represented  by  the  lelativB 
position  of  the  quantity  curves,  the  form  work  being  equally  di£Bcult  for  both 
types.    The  cost  of  slab  construction  is,  on  the  other  hand,  somewhat  dieaper 


Id'Cf  Road^Mig. 


'"txrs  ^  6'0<P  every  2nd.  and  Jrd  bar     |_ 
fa  be  berrf  up  as  shoMi 


.^bd4fcp  ^{"bars  Q  I8'H 


Fig.  11. — Cross  section  of  standard  30-ft.  reinforced  concrete   throuch  fbdff 

bridge — Iowa   Highway  Commission. 


than  the  quantitites  would  indicate,  on  account  of  the  simple  fonn  woik, 
and  this  type  of  construction  is  probably  the  economical  one  for  siiaDs  beloir 
20  or  22  ft.  The  economy  of  the  through  girder  and  the  slab  over  the  de* 
type  is  one  of  headroom  rather  than  of  cost. 

Cost  of  113-Ft.  Reinlforced  Concrete  Girder  Bridge  Near  DovglAs.  Afii.— 
During  1915-1916  the  State  Highway  Department  of  Arizona  oonstructed  a 
113-ft.  concrete  bridge  over  the  Whitewater  River  near  Douglas,  ArU.    The 


HIGHWAY  BRIDGE 

tture  VBS  of  the  through  girder  typ 
otul  one  span  3S  ft.  Il  replaced 
data  on  the  work  are  given  in  tlie 
3,  Stal«  Engineer,  (rom  which  the  i 
Uld  ConlractiDg.  Dec  27,  t91S. 
te  bridge  was  constructed  by  day  I 
Bion  EngiDcei  of  the  Stale  Hlghwa 
S-hour  da;  and  carpenters  (4  pe: 
IS  per^day. 

ravel  waa  secured  Imm  the  Falrba 
1  bought,  but  moat  of  it  whs  mn-c 
nd.  This  gravel  shows  a  very  Im 
Itbough  Ihifl  gravel  waa  eipenaive. 
UDt  of  its  low  void  age  content,  i 
pensate  for  the  Increased  coat.  Tl: 
1.36  per  yard.  The  avemge  cosl 
c  per  yard.  The  cost  of  the  sai 
ded  break  In  graduations  from  fit 
p  and  angular. 

eineat  used  was  the  "El  Toro"  I 
Water  was  secured  from  the  i 
int  about  600  ft.  from  the  site, 
he  bridge  was  designed  by  the  Stat 
plans  for  the  falsework  and  forma 
ent  prior  to  beginning  construct 
fed  inadequate  and  extensive 
ket. 

ot  excavation  and  223  7  cii.  yd.  i 
k  was  as  follows 
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Shobing 

Sheet  piles  driven,  340;  average  length,  10  ft.  Cost  per  lin.  ft.,  8.380  lin.  ft. 
at  20H  cts.  Board  feet  driven,  8.88  M.  ft.  at  $78.60.  Cost  per  lin.  ft.  laboi 
only,  14.6  cts. 

Per  cu.  yd.  Per  ou.  yd. 

excavation  concrete 

(236.5  cu.  yd.)  (223.7  ou.  yd.) 

$0.19  $0.20 

.033  .085 

.773  .820 

1.085  1.146 

.002  '  .003 

.480  .607 

.265  .281 

. 122  . 128 


Per  M  ft., 

Total 

B.  M. 

Foreman 

. .  .     $  45 

$  5.05 

Carpenters. 

8 

.87 

Laborers. .. 

182 

20.35 

Lumber.  .  .  . 

255 

28.80 

Nails 

4 

.42 

Miscellaneous 

114 

12.80 

Tools 

63 

7.07 

Teams  and 

drivers 

29 
. . .      $698 

3.24 

Total.  .  . 

$78.60 

$2.95 


$3.12 


Piling 

Excavation,  69.9  cu.  yd.  at  $1.45.  Concrete,  7.10  cu.  yd.  at  $1.41.  Number 
piles  driven,  17;  length,  8  ft.;  cost  per  lin.  ft.;  $0.7362.  Penetratioii,  6  ft; 
cost  per  ft.  penetration,  $1,145.  Board  feet  driven,  0.806  M.  B.  ft.  Cost  per 
M.  B.  ft..  $111.50.  Lumber  per  lin.  ft.,  $0.2275.  Lumber  per  M.  B.  ft.,  $34.40. 
Cost  driving  only,  per  lin.  ft.,  $0.5075.     Cost  driving  only,  per  M.  B.  ft.,  $77.00. 

Per  cu.  yd. 

concrete 

(223.7  ou.  yd.) 

$0,017 
.129 
.084 
.034 
.074 
.022 


Total 

Foreman ". $    4. 00 

Laborers 29. 00 

Teams 8.00 

Drivers 8 .  (X) 

Tools 17.00 

Miscellaneous 6. 00 

Total  labor $  69. 16 

Lumber 80. 86 

Total $100.01 


$0,810 
.188 

$0,448 


Concreting  Matebials  to  Mixbb 

Yardage,  loose  material,  not  including  slag:  143  ou.  yd. 

Cost  per 

yd.  of  loos 

Total        material 

Foreman $8 .  63 

Miscellaneous 3.68  812.00        $0,086 

Laborers 65. 00  .449 

Tools 3.00  .018 

Total $80.00        $0,668 


•  .«•.■ 


CONCBETING   MiXING OPEBATION 


Total 

Foreman $    6. 00 

Laborers 46. 00 

Miscellaneous 168.00 

Repairs 67 .  00 

Tools 33.00 

Fuel,  22  gal.  at  17  cts 4.00 

Water,  20,715  gal.  at  $1.42  per  M.  gal 20.00 

Total $332.00 


Per  eu.  yd. 

concrete 

(223.7  ou.  yd.) 

80.024 


.708 
.258 
.147 
.017 
.13$ 


$1,488 


,7fr— 7fl7  ucka: 


I,  91.9CU.  rd.  attS 
,  I3e.9  cu.  yd.  St  S 


cost  of  pumpii 
rand  total  pEai^i 


cu.  yd.;  M.n<Tete,  1 
Jconcret*,  S7.183;( 

ft,,  J0.77;  yard  c 
)Se— cost  per  yard  i 
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Subaqueous  Foundations:  Comparisons  of  Costs — Concbxtb 

The  following  figures  are  for  costs  per  yard  concrete: 

East  West 

abut-         abut-  Pier  Via 

ment         ment         No.  1         No.  2 

Excavation t  1.375  $7.7.5  t  6.60      $8.48 

Pumping 63  2.90  1.77           1.845 

Shonng 2.965  2.77  3.49           3.205 

Piling 1.41       


Total  excavation $4.97  $14.83  $10.76  $8.53 

To  mixer 324  .339  .42  .31 

Mixing  operations 1.855  1.346  1.475  1.4S 

Mixing  materials 5.05  4.36  4.66  4.81 

To  forms 143  .329  .86  .42 

Placing 138  .478  .066  .24 


Total  concreting $7.52       $6,852     $7.37       $7.20 


Grand  total $12.48       $21,682     $18.13       $15.78 

SuperaqueouM  Foundations. — The  original  design,  which  called  for  rein- 
forced concrete  walls  and  columns  resting  on  24-in.  footings  at  the  bottom  d 
the  subaqueous  excavation,  was  not  followed  in  the  construction.  The 
successful  placing  of  the  reinforcing  and  concrete  as  in  the  original  desip 
would  have  required  a  water-tight  sheet-piling,  and  a  concrete  seal  at  the 
bottom,  and  a  type  of  sheeting  that  would  stand  without  bracing.  Sheet-6teid 
piling  would  have  served  this  purpose,  but  was  not  obtainable,  so  the  origiml 
design  was  abandoned.  Instead,  that  part  of  the  foundations  that  were 
below  water  level  were  cast  in  mass-concrete,  and  that  part  of  the  foundattooi 
that  were  above  the  water  level  were  put  in  according  to  the  plans.  TUi 
required  that  the  reinforcing  steel  be  cut  to  new  lengths.  The  East  abutment 
did  not  extend  to  sufficient  depth  to  establish  a  firm  foundation,  and  an  extra 
subfooting  was  put  under  it,  although  the  plans  did  not  call  for  that  depth. 
The  only  difficulty  experienced  in  pouring  this  part  of  the  foundation  was  tiiit 
the  forms  for  the  columns  were  not  strong  enough  to  stand  the  weight  of  the 
concrete,  and  they  bulged  in  spite  of  all  that  could  be  done  to  tie  and  biaoe 
them  in  place.  The  columns  were  on  a  skew,  and  the  concentration  of  pres- 
sure on  the  sharp  angles  overcame  the  pressure  on  the  flat  angles,  so  that  the 
colunms  deformed  along  the  sharp  angles.  One  column  skewed  so  badly  It 
was  torn  down  and  replaced,  while  all  of  them  showed  more  or  less  deformatiaa 
on  the  sharp  angles.  It  is  thought  that  if  a  heavy  piece  of  timber  had  been 
placed  along  the  sharp  angles,  and  tied  in  securely,  the  trouble  might  have 
been  prevented,  but  no  provision  had  been  made  for  such  timber  in  the  plans 
of  the  forms.  The  parapet  placed  on  the  abutments  as  a  continuation  of  the 
curb  on  the  girders  did  not  allow  sufficient  play  to  take  care  of  the  expaaAA 
and  cracks  have  developed  in  the  parapet,  especially  on  the  east  end. 

The  superaqueous  foundations  required  810  cu.  yd.  of  excavation  and  the 
placing  of  87  cu.  yd.  of  concrete. 

The  yardage  as  to  excavation,  represents  the  dry  excavation  for  tbe  abut- 
ments. The  excavation  on  the  west  end  was  through  clay,  while  on  thn  6Mt 
end  it  was  through  hard  gravel,  requiring  blasting  to  loosen  it.  Both  exmnr 
tions,  after  loosening,  were  taken  out  with  scrapers.  The  yaidace  as  to 
concrete  is  for  the  two  abutments  only. 


ToTU.  Forkr:  FiiAliIva  and  EaEcnHQ  ahd  Srsirn 

.t.  H40:  rost  pel  cu,  yd.  concrete.  S3.738S;  c«t  per  ft 
lare  loot,  $0.18;  tost  for  labor  only,  per  M.  B.  ft.,  I78.» 
only,  per  M,  H.  (t.,  »16,20  framea.  net  coat;  per  eq.  foe 
ber):  actual  B.  ft.  lunibcr  uaed,  2.330  M.  B.  [t.:  fint  < 
5  per  M.  B.  ft..  t30.4O;  Ichs  crediu  tor  actsp  recovered, 
«wt  of  lumber,  *B7.0a  per  M.  B.  ft..  t28.40;  ratio  firat  < 

Concrktisq:  To  MuiEit 

concrete,  120.0  cu.  yd.  at  (O.^SO;  loose  materiala.  13 

Total 

.     .    t7,47      

'.']'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 8s!qo 

.   8.00 

«  69.00 
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CoNCBXTiNo:  Mixing — Opbbation 

Total 

Foreman $    4.00  $0.0395 

Laborers 24.00  .1990 

Miscellaneous 108. 00  .8980 

Repairs 38.00  .8125 

Tools 20.00  .1666 

Fuel.  14H  gal.  at  80.169 2.00  .0206 

Water,  13,435  gal.  at  $1,308  M 17.00  .  1468 

Total $210.00  $1.7714 

CONCBBTING MlXINQ    MaTBBIALB 

Number  sacks  cement  per  yard  concrete,  4  sacks;  net  cost  per  sack  ceibent, 
$0.74;  cu.  yd.  sand  per  yard  concrete — -0.37  cu.  yd.;  cost  of  sand  per  yard  tandt 
$2.18;  cu.  yd.-gravel  per  yard  concrete,  0.72  cu.  yd.  cost  of  gravd  per  yard  gravd, 
$2,145;  average  gal.  water  per  yard  concrete,  120  gal.;  cement,  478  aads  at 
$0,833,  $398.67; less  credit  for  sacks  returned,  $44.95. 

Per  cu.  yd. 

Total  concrete 

Net  cost  of  cement  at  $6.74 $354.00  $2,946 

Sand,  44.3  cu.  yd.  at  $2.18 97.00  .806 

Gravel,  86.1  cu.  yd.  at  $2.146 184.00  1.636 

Total $635.00  $6,286 

CONCBBTINa  FoBiia 

Foreman $7 .  98     

Miscellaneous 3.02     $  11.00  $0.0916 

Laborers 89.00  .8220 

Tools 4.00  .0846 

Total $  64.00  $0.4482 

CONCBBTING PlaCINQ 

Foreman $3.22     

Miscellaneous 1 .29    $    6.00  10.0876 

Laborers $26.00  .9066 

Tools .0016 

Total $  80.00  tO.8446 

Rbinfobcino — Bbnding 

Yardage,  concrete,  120.0  cu.  yd.;  pounds  steel  bent,  13,141  lb. 

Per  cu«i.yd.         Per  lb. 

Foreman .   $  5.00    $0.0427  $0.00089 

Laborers 28.00         .2880  .00212 

Tools 5.00         .0406  .00087 

Totals $38.00     $0.8162  S0.0Q888 

Rbinfobcino — Placing 

Foreman $  33.00     $0,278  $0.00864 

Laborers 43.00         .868  .00887 

Tools 1.00         .001  .00006 

Miscellaneous 24 .00         .209  .00185 

Total  labor $101.00     $0,846  $0.00778 

Steel 297.00      2.476  .02260 

Total $398.00    $8,321  $0.03088 

Add  cost  of  bending 38.00         .8162  .00888 

Total  cost  of  reinforcement $436.00     $3.6872 
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Concrttins- — The  first  ?pan  was  poured  by  dusping  the  buggies  into  a  chute 
aad  shoveliiig  from  the  ck'jve  to  the  fonns.  in  an  effort  to  save  the  foimfl  froim 
ribration  ^  icuch  as  possible .  Since  this  did  not  setrm  to  have  anjr  effect,  the 
rest  of  the  bridge  was  poured  by  constrjctine  a  trestle  work  level  with  the 
tops  of  the  forms  and  dursping  directly  into  the  forms. 

Reinfvreiri^. — The  reinforcing  pi^e.^nie^  some  difficulty  on  account  of  its 
complexity,  which  ran  up  the  cost  of  placing.  The  bar::  were  spaced  by  gmall 
ooncrete  brick?,  and  every  effort  was  maiie  to  conform  to  the  cross-secticm 
shoHn  on  the  ;ilans.  In  bending,  the  only  trouble  encountered  was  in  the 
stirrups.  The  Bates  Tyer  used  worked  in  a  satisfactory  manner,  but  the  UeB 
furnished  were  too  light  for  the  heavy  <\fe\,  and  broke  easily  under   strain. 

FoHJcs — Fbaming  xxd  Erzcting 

Yardage  concrete.  171  cu.  yd.:  board  feet  framed.  10.221  M.  B.  ft.;  actual 
board  feet  ufred.  7.679  M.  B.  ft..  $27.65;  square  feet  covered,  .'t.SSO  aq.  ft.;  total 
coat  per  M.  B.  ft.  actually  used.  SIIO:  labor  cost  only  per  M.  B.  ft.  actually  uaed. 
$80;  ratio  fe«t  framed  to  feet  used.  1.34:1. 

Per  cu.  yd.  Per  M.  B.  Per 

Total       concrete    ft.  framed        aq.  ft 

Foreman  S  65.00  I0.3S2  $  6.47  tO.OlSt 

CarpeDten 1S4.00  1.07S  18.00  .0S46 

Labrir<rrs 2S1.00  1.645  27.50  .0528 

Mii»»rllanpou£ .    .  74.00  .432  7.30  .0189 

Tools 9.00  .049  .84  .0016 

Total  labor $614.00       $3.5S7         $60.11         $0.1152 

Lumber  212.00         1.250  20.75  .0390 

Nails..  20.00  .110  1.92  .0037 

Totalforms  $845.56       $4,947         $82.78  $0.1588 

FoBMS — ^Stbxppi  ng 

Coat  of  stripping  per  M.  B.  ft.  framed,  $10.51 :  coat  of  atrippinc  per  square  foot, 

$0.02014. 

Foreman       $14.00  $0.0805  $1,345  $0.00268 

Carpenters  7.00  .0408  .685  .00131 

laborers 79.00  .4610  7.725  .01480 

.\Iisc«llaneouB 4.00  .0239  .400  .OOOH 

Tools 3.40  .0212  .355  .00068 

Total  $107.00       $0.6274       $10,510       $0.02014 

Total  Fohms — Frasiinu,  Ebecting  and  Stripping 

Total  coat.  $952.99;  cost  per  cu.  yd.  concrete.  $5.5744;  ooat  per  M.  B.  ft. 
framed,  $93.29;  cost  per  square  foot  covered,  $0.17S94;  cost  <tf  labor  only,  per 
M.  B.  ft.  framed.  $70.50:  materials  per  square  foot.  $0.1350;  coat  of  matenali 
only,  per  M.  B.  ft.  framed.  $22.79;  per  square  foot.  $0.04394;  first  cost  off  lumber 
used.  $300.10;  per  M.  B.  ft..  $39.05:  less  credits  for  scrap  recovered.  $88;  per 
M.  B.  ft..  $11.40:netcost  of  lumber.  $212.10  per  M.  B.  ft..  $27.65;  ratio  first  ooet 
to  credits.  1 :0.292. 

The  above  costs  are  for  the  costs  of  framing  both  the  ffirder.  forma  and  the 
floor.  Complete  figures  as  to  cost  of  the  floor  were  not  kept,  but  an  estimate, 
based  on  the  labor  distribution  for  the  first  spun  shows  the  followins  eosts  per 
s'quare  foot: 

Floor.  2,500  sq.  ft.  at  $0.07 $175.00 

Girders.  2,830  sq.  ft.  at  $0.2330 671.00 

From  which: 

Cost  of  laying  floor,  per  sq.  ft $     O.O700 

Cost  of  forms  for  plam  surfaces .  15$5 

Cost  of  forms  for  paneled  surfaces .2810 

These  figures  are  for  framing  and  erecting  only,  and  do  not  indude  cost  ol 
stripping. 
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Rsinfobcing:  Placinq 

Yardage,  concrete,  171.0  cu.  yd.;  pounds  steel  placed,  30,947  lb. 

Per  cu.  yd. 

Total          concrete  Pet  Vb. 

Foreman $      27.00      $0.1595  W. 00089 

Laborers f     195.00         1.1385  .00680 

Tools 19.00           .1085  .00060 

Miscellaneous 79.00           .4630  .00256 

Total  labor S     320.00       SI. 8695  $0.01035 

Steel 875.00         5.1105  .02825 

Totalplacinis $1,195.00       $6,9800  $0.03880 

Add  cost  of  bending 211.00         1.2307  .00680 

Total  cost  of  reinforcement $1,404.00        $8.2107  $0.04540 

Concreting:  to  Mixes 

Yardage,  concrete,  171.0  cu.  yd.;  loose  materials,  235.5  cu.  yd.  at  $0.6280. 

Per  on.  yd. 

Total  concrete 

Foreman $23.00  $0.1345 

Laborers 117.00  .6820 

Tools 63.00  .3600 

Total $203.00  $0.8675 

CONCRETINO:    MCCING    OPERATION 

Foreman $    6.00  $0.0863 

Laborers 45. 00  .2666 

Water,  22,900  gal.  at  $1.41  per  M 32.00  .  1900 

Fuel,  6  gal.  oil  at  $0.80 6.00  .0281 

80  gal.  gas  at  $0.188 15.00  .0879 

Repairs 62.00  .3640 

Miscellaneous 97.00  .  5670 

Tools 63.00  .8690 

Total $326.00  $1.9088 

Concreting:  Mixing  Materiala 

Yardage,  concrete,  171.0  cu.  yd.;  number  sacks  cement  to  one  yard  conerete, 
5.14  sacks. 

The  number  of  sacks  to  one  yard  of  concrete  is  more  than  usual,  ^hla  ia  due 
to  the  fact  that  the  floor  on  the  first  span  was  resurfaced,  being  improperly  plaosd 
first  running. 

Net  cost  per  sack  cement $0. 7775 

Number  sacks  used 880 

Cu.  yd.  sand  per  yard  concrete 0.4825 

Cost  of  sand  per  yard  sand $2,415 

Cu.  yd.  gravel  per  yard  concrete O.8060 

Cost  of  gravel  per  yard  gravel $3,410 

Average  gal.  water  per  yard  concrete 1S4 

Cement,  880  sacks  at  $0.8750 $769.88 

Less  credit  for  sacks  returned 85.39 

Per  cu.  yd. 

Total  conerato 

Net  cost  of  cement  at  $0.7775 $     686.00  $4.00 

8and,  82.5  cu.  yd.  at  $2.415 190.00  1.166 

Gravel,  153  cu.  yd.  at  $2.41 369.00  3. 160 

Total $1,258.00  $7,826 

Concreting:  to  Forms 

Foreman $  18.00  $0. 1081 

Laborers 90.00  .6376 

Tools 14.00 


Total $123.00     '   •0.7164 

Average     length     of     haul.     00     ft.     Cost    per    foot    per    yard,  tO.01194. 


HIGHWAY  BRIDGES  AND 

CoKOKMTSSa:   PbldMS 


—  MiaCILLADI 


:o«t  of  Ubot  only 

»  woa  never  completely  Bniebed  wHl 
tended,  hence  coatB  per  square  foot 


jiota — Labor  only 

n,  iOgfll!  atSOcu',.'  .', 

.four  rolls 

a  DueEellaneouB  uid  office 

Rbcai-itci-ation:   Sdf 


he  HcEinley  Ford  Bridge,  L*  Salle  C 
e  from  a  detailed  account  of  the  coiu 
gineerlng  and  ContractltiR,  Feb,  24,  ] 
:iiile;  Ford  Bridge  is  located  in  Sarena  townahip,  La  Salle  countr. 

consists  of  two  50-ft.  reinforceil  concrete  through  girder  apaOB 
!te  pier  and  abutmenta.  The  clear  width  of  roadway  \s  16  ft,. 
S:ht  of  the  pier  and  abutmenta,  from  bottom  of  footing  to  bridge 
:,  11  im.  The  bridge  was  designed  under  the  "Genera!  Specifics^ 
Irldge  Work"  of  the  Illinois  State  Highway  Department.  It 
d  %jpe.  and  was  built  during  the  latter  part  of  1913,  at  an  actual 
B3. 

te  center  pier  has  a  thickness  of  3  ft.  and  a  width  of  23  tt,  1  In., 
g;  a  thickness  of  4  ft.  2  ins.;  and  a  width  of  24  ft,  3  ins.  at  the  basei 
t,  from  bridge  seat  to  bottom  of  footing  of  iGft.  II  ins.  The  cop- 
dth  of  3  ft.  S  Ins,,  a  length  of  23  ft,  9  ins  ,  and  a  thickness  of  IG  ins, 

has  a  width  ots  ft.,  a  length  of  2o  ft.,  and  a  thickness  of  2tt„  and 
ced  with  a  layer  of  Ji-in.  square  bars,  spaced  12  ins.  on  centers, 
near  each  end  of  the  pier,  there  Is  a  recess  20  X  2S  ins,  X  IS  Ins, 

cast  Iron  rockers.  A  concrete  mixture  consisting  of  1  part  cement, 
I,  and  5  parts  gravel  was  uaed.  The  pier  eslends  4  ft,  6  Ins,  below 
,he  stream.  ^ 

9,— The  concrete  abutments,  which  have  a  height,  (rom  bridge 
om  of  footings,  of  left.  11  ins,,  are  reinforced  and  are  of  the  wing*' 

the  wing-walls  being  of  the  cantilever  type.  The  abutmente 
kness  of  12  ins,,  with  vertical  faces,  this  thickness  being  Incmtsed 
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to  18  ins.  under  the  Orders.  The  footings  have  a  width  of  4  ft.  6  ins.,  a  thick- 
ness of  20  ins.,  and  extend  to  the  same  depth  as  the  pier. 

The  wing-walls  have  a  top  thickness  of  12  ins.,  and  a  bottom  thickness  of 
18  ins.  Their  footings  have  a  width  of  6  ft.  3  ins.  and  a  thickness  of  20  ins. 
A  concrete  mixture  consisting  of  1  part  cement.  2^i  parts  sand,  and  4  parts 
gravel  was  used  for  the  abutments  and  wing-walls. 

Girders. — The  girders  have  a  depth  of  5  ft.  6  ins.,  a  thickness  of  top  flange  of 
26  ins.,  and  of  web  of  23  ins.,  and  are  paneled  as  shown  in  Fig.  1.  They  are 
spaced  18  ft.  2  ins.  on  centers.  All  exposed  edges  of  the  girders  are  beveled 
with  a  ^4 -in.  triangular  molding,  and  all  edges  of  panels  have  a  45°  bereL 
The  girders  are  heavily  reinforced,  the  main  reinforcing  bars  being  arranged  in 
four  rows,  spaced  5  ins.  on  centers.  The  concrete  mixture  for  the  girders  and 
floor  system  consists  of  1  part  cement.  2}-i  parts  sand,  and  4  parts  gravel. 

Floor  Syttem. — The  bottom  of  the  reinforced  concrete  floor  slab  is  flush 
with  the  bottoms  of  the  girders,  while  the  top  is  crowned  to  conform  with  the 
finished  roadi^-ay.  The  thickness  of  the  floor  slab  at  the  crown  is  13  ins.,  and 
at  the  curb  10  ins.  Drainage  of  the  roadway  is  secured  by  placing  3-in.  tile 
drains  through  the  slab  and  near  the  curb  on  8-ft.  centers.  The  wearing  surface 
(which  is  not  included  in  this  contract )  consists  of  a  6-in.  layer  of  macadam. 

Cast  Iron  Rockers. — Cast  iron  rockers  are  used  under  the  ends  of  the  girders 
which  rest  on  the  center  pier:  they  are  not  used  under  the  abutment  ends  of  the 
girders.  These  s^niental  rockers  have  a  thickness  of  3H  ins.,  a  depth  of  14 
Ins.,  and  a  length  of  2  ft.,  the  top  and  bottom  surfaces  of  which  are  tunned  to  a 
diameter  of  7  ins. 

Steel  bearing  plates.  9  ins.  wide.  1  in.  thick  and  2  ft.  long,  are  placed  at  both 
the  top  and  bottom  of  the  rockers. 

Expansion  Joint. — A  >4-in.  tar  paper  expansion  joint  is  provided  between 
the  two  girder  spans.  Tar  paper  is  also  placed  on  the  top  of  tbe  plen  between 
the  rockers  and  the  edges  of  the  piers.  The  space  around  the  rodceia  is  filled 
with  asphalt. 

SUMUABT   OF   MaTEBIALA   RbQUIBKD 

Reinforcing  steel:  Lbs. 

In  pier 160 

In  abutments.  .      .    .          6,360 

In  superstructure 86.080 

Total. 42.600 

8  Bteel  bearing  plates 490 

4  cast  iron  rockers 1 ,  190 

Concrete:  Cu. 

yds. 

Class  B,  in  pier 60.4 

Class  A.  in  abutments 108.8 

Class  A.  in  superstructure 140.4 

Total  Class  B Wl 

Total  Class  A 244. S 

Total  concrete  in  bridge 304.6 

As  actually  const ructe<l  there  were  used  in  the  construction  of  this  bridge 
308.3  cu.  yds.  of  concrete,  the  extra  3.7  cu.  yds.  being  placed  in  the  substnio- 
ture.     Square  twisted  bars  were  used  for  reinforcement. 

Construction  Features. — Constriiction  work  was  started  Sept.  18,  1918,  Ud 
the  bridge  was  completed  Nov.  28.  1013.  The  bridge  is  located  about  four 
miles  from  the  railroad  station,  and  the  materials,  with  the  exception  of  tb0 
sand  and  gravel,  were  hauled  that  distance.  The  sand  was  remqived  from  tbe 
creek  and  was  transported  in  wheelbarrows  a  distance  of  150  ft'.  The  gnvd 
was  also  obtaimMl  near  the  site,  being  hauled  about  400  ft.    About  126  cu.  ydi. 
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Table  XXVII^gives  the  unit  costs  of  the  various  items  of  the  bridge.  There 
were  308.3  cu.  yds.  of  concrete  and  42,600  lbs.  of  steei  placed.  There  wen 
used  on  this  worlc  416  bbls.  of  cement.  117.2  cu.  yds.  of  sand,  and  187.4  cu. 
yds.  of  (cravel.  The  costs  ^ven  do  not  include  the  cost  of  removing  the  old 
bridge. 

The  cost  of  the  excavation  per  cubic  yard  of  substructure  concrete  was 

t6.435.  and  the  cost  of  the  falseworlc  per  cubic  yard  of  superstructure  concrete 

was  $1,278. 

Tabue  XXVII. — Unit  Costs  of  Vabioub  Ituis 

Cost  per 

cu.  yd.  of 

Item  c<mcrete 

Cement S  1.971 

Sand 0.448 

Gravel *     1. 125 

Labor  on  forms 1 .  525 

Fwm  matnials 0.315 

Labor  on  falseworlc 0.421 

Falsework  materials 0. 161 

Steel,  in  place 3.241 

Mixing  and  placing  concrete 1 .  879 

Excavation 1 .897 

Miscellaneous,  not  included  in  above 0. 145 

Total 812.628 

Cost  of  Concrete  Viaduct  at  Fort  Worth,  Texas. — The  viaduct  wfaldl  carriei 
an  extension  of  North  Samuels  Ave.  across  the  Trinity  River  in  Fort  Worth, 
Texas  consists  of  nine  spans  of  50  ft. 

The  foIloiKing  data  are  given  in  a  description  of  the  methods  and  costs  of 
constructing  this  viaduct  by  E.  W.  Robinson,  published  in  Engineering  and 
Contracting.  April  29.  1914. 

Contractor  8  Equipment. — The  plant  used  on  the  job  consisted  of  both 
new  and  second-hand  machinery,  which  invoiced  at  the  beginning  of  the  job 
at  84.852.  It  consisted  of  the  following:  One  5-ton  "A "-frame  derrick  car 
^ith  a  60-ft.  boom,  operated  by  a  7  X  10-in.  D.  C.  D.  D.  hoisting  engine:  a 
concrete  chuting  plant  with  an  18-cu.  ft.  buclcet  and  121  ft.  of  steel  chutes;  a 
single-drum  mine  hoist:  a  9-cu.  ft.  gasoline-driven  mixer  with  a  sdf-loader;  a 
3-cu.  ft.  gasoline-driven  mixer:  25  ft.  of  si^inging  leads  and  a  2,500-lb.  drop- 
hammer  which  was  operated  from  the  boom  of  tbe  derrick;  two  1-cu.  yd.  tuni- 
over  dirt  buckets  and  a  1-cu.  yd.  clam-shell  bucket;  and  two  pumpe,  one 
steam-driven  and  the  other  gasoline-dri\'en.  The  small  mixer  was  used  to 
mix  the  concrete  used  in  the  railing  at  the  opposite  end  of  the  bridge  from  the 
main  plant,  which  made  it  unnecessary'  to  operate  the  main  plant  for  the  nnaD 
amounts  of  concrete  required  for  that  work.  The  chuting  plaat  wms  moved 
twice,  the  second  move  being  back  to  the  first  location. 

In  addition  to  the  above  mentioned  equipment  there  were  the  uflual  petty 
tools  and  supplies  for  a  job  of  this  kind,  on  which  depreciation  Is  not  ftt  from 
100  per  cent.  The  total  amount  expended  for  petty  tools  and  repairs  ftir  tUH 
job  was  $1,642,  and  these  tools  will  likely  invoice  at  about  S200,  ahowinf  • 
depreciation  of  S7  per  cent,  which  is  5.9  per  cent  of  the  pay  roll. 

Materiait  and  Proportion*. — The  concrete  for  the  substructure  was  mind 
in  the  proportions  of  1 :2i2 :5.  and  for  the  superstructure,  in  the  propQrtiaiii  of 
1:2:4.  The  top  Vi  in.  of  the  sidewalks  was  surfaced  ^^ith  a  1 :1  cement  moitiri 
which  was  floated  and  troweleil  to  a  smooth  finish.  The  sand  waa  bankMlA 
from  local  pits.    It  was  deliveivd  on  the  job  for  $1.20  per  cubic  yard.    Tfel 


'eyed  from  the  piles  to  the  hopper  o/  the  self-loader  la  wbeelbturowi. 
□ugti  nt  times  of  short  duration  tlie  concrete  was  properlr  muud  and 
i9ited  at  the  rate  of  30  or  35  cu.  yds.  per  hour  Ihla  rate  could  not  be  milik- 
time.  A  good  average  for  the  "wbdle  dar'A  run 
high-speed  itiiae  hoiat  was  used  tor  TaWog  the 
were  no  delaya  from  that  BOurseL  <  TliB  tTfrieal 


1088  HANDBOOK  OF  CONSTRUCTION  COST 

organization  of  the  concrete  gang  for  a  day's  rtin  was  3  men  on  the  sand,  6  men 
on  the  stone,  2  men  bringing  and  emptying  the  cement  into  the  mixer,  1  roan 
each  to  run  the  mixer  and  hoister,  and  4  men  on  top  placing  and  working  tbe 
concrete  around  the  reinforcement  and  shifting  the  chutes.  However,  tbe 
above  organization  would  vary  according  to  the  location  and  condition  of  tiv 
stone  and  sand  piles. 

Coat  Data. — The  general  foreman,  or  timekeeper,  was  required  to  make  out 
daily  reports  showing  the  number  of  hours  spent  each  day  on  each  item  of 
work,  together  with  the  wage  rate.  These  reports  were  filed  in  the  olBoei 
together  with  the  progress  charts  and  photographs,  and  constitute  a  comidete 
record  of  the  progress  of  the  work  as  well  as  furnishing  a  method  of  detenninlDK 
the  cost  of  the  various  classes  of  work  done.  The  man  who  made  out  theie 
reports  was  required  to  make  the  totals  check  with  the  total  time  turaod 
in  for  the  pay-roll.  In  this  way  the  total  cost  of  labor  is  absolute  comet, 
although  the  different  items  may  be  in  error  to  some  extent. 

Eight  hours  constituted  a  day's  work  except  in  an  emergency.  For  fhB 
first  week  or  two  common  laborers  were  paid  $1.75  per  day,  but  for  practically 
the  whole  work  these  laborers  were  paid  $0.25  per  hour.  For  the  last  moaUi 
or  two  the  price  paid  to  the  common  laborers  was  cut  to  $0.20  per  hour,  with 
the  exception  of  a  few  of  the  more  energetic  ones.  Colored  labor  was  used 
largely  throughout  the  job,  and  proved  to  be  fairly  efficient,  with  oompetort 
supervision.  Carpenters  were  paid  the  union  scale  of  $0.50  per  hour,  with 
time  and  a  half  for  overtime  and  with  Saturday  afternoons  off.  SUUed 
laborers,  such  as  riggers  and  hoisting  engineers,  were  paid  from  90.85  to  $OJ0 
per  hour.  Foremen  were  paid  from  $0.50  per  hour  to  $26  per  week  strait 
time.  The  average  price  per  hour  for  all  labor,  Indiuding  general  labor,  on  the 
whole  job  was  $0.34  per  hour.  The  item  "General"*  amounted  to  18.4 per 
cent  of  the  total  labor  cost,  and  it  has  been  apportioned  to  the  different  itemi 
to  obtain  the  unit  costs  given  in  Table  XXVIII. 

Table  XXVIII. —  QuANimsB  and  Unit  Costs  of  VABiora  Itbmb 

Unit 
Item  and  quantity  eort 

Dry  excavation,  1,819  cu.  yds $O.S0 

Wet  excavation,  920.6  cu.  yds 8.196 

Erecting  substructure  forms,  38,876  sq.  ft O.OW 

Erecting  substructure  forms,  3,413.6  cu.  yds O.Wl 

Wrecking  substructure  forms,  38,876  sq.  ft 0.017 

Wrecking  substructure  forms,  3,413.6  cu.  yds O.WO 

Erecting  superstructure  forms,  44,460  sq.  ft 0.141 

Erecting  superstructure  forms,  1,237.2  cu.  yds 6,848 

Wrecking  superstructure  forms,  44,460  sq.  ft O.OIS 

Wrecking  superstructure  forms,  1,237.2  cu.  yds ^. .  O.flM 

Bending  and  placing  reinforcing  steel,  123.9  tons Ul.tf. 

Driving  foundation  piles,  200 2.r~' 

Preparing  concrete  plant,  4,650. 8  cu.  yds 0.] 

Mixing  and  placing  concrete,  4,650.8  cu.  yds 0.1 

Railing,  complete,  906  lin.  ft ' l.J 

Railing,  complete,  76.9  cu.  yds J6.44 

Placing  rip-rap,  690  cu.  yds 0.1* 

*  The  item  "  General"  is  intended  to  cover  all  labor  which  Is  genenl  In  tti 
nature  and  cannot  be  charged  to  any  particular  class  of  work,  micfa  ■■  UmX  rf 
the  superintendent,  general  foreman,  night  watchman,  and  vmtar  bqf. 
This  cost  is  kept  as  a  separate  item,  and  is  distributed  to  all  other  Itant  to 
proportion  to  their  total  costs. 
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The  viaduct  baa  b,  M-tC.  dear  roadway  and  two  i 
general  dlmeaslons  and  type  oF  construction  are  sbown  In  Fig.  13. 

Becauae  of  the  BuddeD.  laige  and  rapid  rises  to  which  the  Trinity  Blm  >> 
subject  It  was  thought  advisable  to  use,  at  least  (or  the  arch  spana.  a  nuthod 
ol  coostmctlon  that  would  not  require  lalgework  In  tbe  atreain. 

After  a  careful  consideration  o(  various  types,  it  was  decided  to  use,  lottte 
main  spans  ol  the  viaduct,  three-hinged,  ribbed  arches,  with  Mmctonl  itHl 
reinforcement  designed  to  support  the  weight  of  tbe  forms  and  tbe  iiluUc 
concrete  of  the  ribs  and  braces  during  construction.  For  the  approach  n>aoi 
and  for  the  river  spans  of  the  smaller  viaducts  girder  spana  were  adoptMl. 

The  three-hinged  arch  was  selected  because  it  would  not  be  atralnsd  bj 
unealual  settlement,   because  the  stresses  are  statically  deteimlnate,  ud 


OHWAY  BRIDGE. 


log  light  Bjid  best  aiit 
erprooflog  would  be  rei 
■acea  wse  used  in  order 

be  Tladiicl,  per  lioeat  [c 
al  projection,  was  t3.8f 
te.34 ;  and  tile  cost,  per 

crown  ot  roadway,  waf 
cludiog  paving,  lighting 
■  square  foot  of  ver- 

\i  based  on  the  area 

tied  ground  line  and 
I  roadway.  For  the 
ectlon.    the  extreme 

copings  or  stringer 
iken.  In  computing 
ibic  foot  the  volume 
sen  vertical  planes 
ringB  and  between  the 

line  and  the  top  ot 
is  taken.    The  total 


ntractor'a  unit  prices 
lies  as  given  in  the 
has  been  added  the 
svlQg,   lighting,   and 


r   HiU  Side  Road 

■  the   »tde-hill   n 

'  St.,  in  Kansas  C 

hat  height  (from  foundation  to  grade]  viaduct  conatruction 

iconomical  than  retaining  wall?  with  fills, 

'  cut  reproduced  from  Engineering  Newa-Recoid,  June  13, 

general  method  used.    The  solution  In  this  particular  case 
mie  height-limit  ol  tlie  retaining  wall  '•""■•nmtinn  u  »  n 
his  method  to  other  conditions  it  woul 
I  new  diagram  plotted  from  estimatea 

Highway  Bridges  apd  Floors.— The 


1092  HANDBOOK  OF  CONSTRUCTION  COST 

approximately  one-half  of  the  funds  raised  for  ordinary  road  and  bridge  par* 
poses  are  expended  in  the  renewal  and  maintenance  of  bridges. 

It  is  evident,  therefore,  that  if  maintenance  expenditures  are  to  be  reduced 
to  the  minimum  highway  bridges  and  bridge  floors  should  receive  careful 
consideration. 

Judging  from  conditions  in  Illinois  it  is  probable  that  at  least  00  per  cent  of 
all  existing  highway  bridges  are  provided  with  nothing  better  than  plaok 
floors,  and  that  the  maintenance  of  these  floors  costs  approximately  15  per  oaA 
of  the  total  expenditure  for  road  and  bridge  maintenance,  or  about  $10  per 
mile  of  road  per  annum. 

Floors  for  New  Bridges. — It  is  a  simple  matter  to  provide  sufficient  strengtli 
in  the  design  of  a  new  bridge  to  accommodate  any  of  the  various  modem  typei 
of  floors  or  wearing  surfaces. 

It  seems  desirable  to  select  a  type  of  floor  which  will  permit  the  use  of  a 
wearing  surface  of  the  same  kind  as  that  on  the  adjacent  highwayi  so 
that  the  same  method  of  maintenance  may  be  used  on  the  bridge  floor  tf 
elsewhere. 

The  difference  in  weight  of  vaious  types  of  floors  has  but  little  effect  on  the 
design  and  cost  of  concrete  bridges.  Steel  bridges,  however,  are  materially 
affected,  both  in  design  and  cost,  by  a  comparatively  small  variation  in  the 
weight  of  the  floor.  The  saving  in  the  weight  and  cost  of  the  steel  in  the  tnuaes 
and  floor  system  for  the  lighter  floors  may  out-weigh  the  advantage  of 
having  the  same  wearing  surface  on  the  bridge  as  elsewhere  on  the  highway. 

Floors  for  steel  bridges  only  will  be  considered  in  this  discussion. 

It  is  desirable  to  provide  an  independent  wearing  surface  so  that  ev^ 
though  the  pavement  may  be  worn  practically  through,  the  bridge  will  stOl 
carry  traffic  with  safety. 

The  bridge  floor  should  then  preferably  consist  of  two  elements:  The  sub- 
floor,  which  should  be  as  pennanent  as  the  bridge  superstructure,  and  should 
provide  the  necessary  strength  to  transmit  the  highway  loads  to  the  floor 
supports;  and  a  wearing  surface  of  such  character  as  to  permit  of  eoonomical 
maintenance. 

In  considering  construction  materials  for  both  of  these  elements  the  matttf 
of  weight  increases  in  importance  with  the  length  of  span.  For  sub-floon  of 
the  more  permanent  type  buckle-plates  with  concrete  covering,  reinforced 
concrete,  and  creosoted  plank  cover  the  fleld.  For  wearing  surfaces,  bridt. 
concrete,  creosoted  blocks,  macadam  gravel,  mixtures  of  bituminous  mate- 
rials with  sand,  gravel  or  stone,  plank,  ordinary  soil,  and  practically  all  otlier 
varieties  of  surfacing  materials  have  been  used. 

In  comparing  cc^^ts  it  is  necessary  to  consider,  not  only  the  coat  of  the  flow 
and  its  maintenance,  but  also  the  effect  of  the  weight  of  floor  selected  on  the 
design  and  cost  of  the  remainder  of  the  bridge. 

Classification  of  Floors. — For  the  purpose  of  considering  the  efltet  <rf  tlie 
weight  of  the  floor  on  the  design  of  the  superstructure  the  varioua  types  of 
floors  are  herein  grouped  in  four  classes,  as  follows: 

Class  A  Floor s.-r-F\ooTn  which  weigh  approximately  100  lbs.  per  squaie  fool 
of  roadway  surface  are  included  in  Class  A.  Floors  consisting  of  a  ninfoiOBd 
concrete  sub-floor,  assumed  to  weigh  .50  lbs.  per  square  foot,  on  which  Is  plioed 
a  wearing  surface  of  concrete,  brick,  macadam  or  gravel,  are  of  this  diMk 
The  wearing  surface  is  assumed  also  to  weigh  50  lbs.  per  square  foot  of  rotd- 
way  surface. 

Class  B  Floors. — Floors  which  weigh  approximately  05  lbs.  per  square  foot 
of  roadway  surface  are  included  in  Class  B.     Floors  consisting  of  a  ooncnte 


?!"S^»A, 

if   /    '     ■■           "l 

i            ■4'».>n-d'»»-lS/ 

I 

CIOS!  0 

14. — Rt&ndud  typps  ot  bridi;*  floore.  IllinoiB  Hishway  Dspan 


lard  Tupe,  of  Floori. 

—Figure  14  ahowg  - 

Highway  Deparlmei 

:reo3oled  plank  sub-1 

loors  (Class  C  and  ( 

piank  over  the  gtnng 

era  and  anchoring  tl 

Dreosoted  blocks  (Class  B  and  Class  C)  i 
hion.  whtch  is  coated  with  asphalt  immed 
lap  sub-plank  are  used  for  floors  having 
,  The  use  of  this  form  of  aub-plank  has 
ost  effective  method  of  preventing  thi 


KMW 


HANDBOOK  OF  CONSTRl'CTIOK  COST 


Explanaium  of  Curm. — The  curves  ehown  In  Fig.  16  glTe  tlu  ^mlibt 
of  the  struclural  iteel  In  bridge  superstructurcB  hs  a,  percenlH^  of  the  walftil 
nt  the  Bteel  In  supentructurea  having  Class  A  Boon,  that  Is.  the  weight  d 
guperatmcture  steel  in  bridges  having  Soors  neighing  100  lbs.  per  Bquue  fool 
Lb  taken  as  100  per  cent  and  the  weight  of  steel  required  for  the  lighter  flmn 
la  expressed  as  a  percentage  of  this  weight. 


1 

^ 

1 

1 

Span  In  Feet 
FiQ.  15. — Relative  woighta  of  ateel  ia  supBi«tructure«  of  brid^eB  famving  difltnat 

type*  o(  floors— class  A  Ukea  as  100  per  ceot. 

These  curves  ore  based  on  tne  weight  of  steel  In  spans  which  contorm  to  tbe 
standard  designs  of  the  Ihlnois  Highway  Department.  The  deslgna  uarf 
provide  for  16-ft.  roadways.  The  curvea  were  checked  at  a  number  >) 
points,  however,  tor  18-fl.  roadway  designs,  and  were  touod  to  conform  TWf 
closely.  These  curves  are  sufficiently  aonirate  to  enable  a  d»lgDei  to  d«W- 
nilne  the  relative  cost  of  steel  superstructures  having  floors  of  various  tjlM 
and  weights. 


m 

£t^i.  SpanlnFetf 

-Vnrialion  in  veiRht  of  atre]   For   lO-lb.   i 


The  curve  shown  in  Fig.  16  is  based  on  the  curveaol  Fig.  15,  utd  It  BhoMlt* 
average  per  cent  rarlulion  in  weight  of  steel  tor  a  varlatloa  at  10  llJi.  IK 
square  tool  in  the  weight  of  the  floor. 

Figure  17  shows  the  average  contract  prices  tor  the  Illinoli  HI(hWBj  Daiait- 
ment  standard  1.5-tt.  roadway  steel  spans  with  floora  compkite.  For  vHiiI> 
to  80  ft..  Inclusive,  riveted  pon]-  trusses  are  used,  and  tor  apans  fiam  W  t»  W 
It.,  riveted  Pratt  trusses  are  used.  This  range  of  spaa  lenith  vma  at  iMHt 
00  per  cent  of  the  highway  bridges  in  Illiaots. 
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that  of  the  remainder  of  the  superstructure  and  that  the  cost  of  mainte- 
nance for  this  period  would  be  small. 

The  experience  of  the  Illinois  Highway  Department  seems  to  indicate  that, 
under  average  conditions,  the  bituminous  wearing  surface  requires  a  light 
treatment  of  oil  and  stone  chips  or  screened  gravel  at  intervals  of  about  four 
years,  at  a  cost  of  about  10  cts.  per  square  yard,  and  a  probable  complete 
resurfacing  once  in  about  twelve  years,  at  a  cost  of  approximately  60  cts.  per 
square  yard.     This  amounts  to  7H  cts.  per  square  yard  per  annum.    Adding 
to  the  first  cost  of  the  bridge  the  maintenance  charge  capitalized  at  6  per 
cent  there  results  the  values  represented  by  curve  Dl,  Fig.  17.    'The  positicHi 
of  this  curve  indicates  that  it  would  be  preferable  to  use  creosoted  block  or 
other  floor  in  building  new  structures. 

Probably  95  per  cent  of  existing  steel  highway  bridges  were  originally 
designed  for  ordinary  plank  floors.  Under  average  conditions,  and  at  tiw 
present  price  of  yellow  pine,  which  is  the  material  now  quite  generally  used, 
the  annual  cost  of  maintaining  such  floors  is  ab(Hit  35  cts.  per  square  yard- 
The  flrst  cost  plus  the  maintenance  charge  capitalized  at  6  per  cent  gives  tbe 
results  represented  by  curve  E,  Fig.  17. 

Conclusions. — It  is  evident  that  ordinary  plank  floors,  having  an  average 
life  of  not  more  than  3>^  years,  are  to  be  avoided  whenever  possible. 

It  is  to  be  noted  that,  with  the  exception  of  the  floor  with  the  bituminous 
surface,  the  cost  of  the  floor  increases  as  the  weight  decreases,  yet  the  cost  of 
the  entire  superstructure  decreases  as  the  weight  of  floor  decreases. 

The  saving  in  cost  for  the  lighter  floors  increases  with  an  increase  in  the  unit 
.cost  of  structural  steel  in  place,  and  decreases  with  an  increase  in  the  cost  of 
the  materials  used  in  such  floors. 

In  re-flooring  old  steel  bridges  of  satisfactory  design,  creosoted  sub-planks 
with  a  bituminous  wearing  surface  have  been  found  to  give  reasonable  service. 
The  weight  is  somewhat  greater  than  that  of  a  plank  floor,  but  the  effect  d  tbe 
added  weight  is  probably  offset  by  the  reduction  of  impact,  due  to  the  com- 
paratively smooth  and  yielding  surface. 

The  cost  of  maintaining  the  bituminous  surface  is  only  about  20  per  cent  of 
that  of  an  ordinary  plank  floor. 

There  seems  to  be  no  place  in  the  economic  design  of  new  highway  bridgea 
for  floors  consisting  of  a  creosoted  plank  sub-floor  with  a  brick  wearing 
surface,  as  the  life  of  such  a  floor  could  hardly  be  greater  than  that  of  Class  C. 
Fig.  14.  wliile  the  cost  of  the  complete  superstructure  would  be  greater  than 
that  representftl  by  curves  B  and  C,  Fig.  17. 

The  floors  listed  under  Class  A  seem  hardly  to  be  justifiable,  except  for  short 
spans,  unless  other  considerations  outweigh  first  cost. 

Economic  Panel  Length  for  Bridge  Floors  of  Concrete  Slabs  on  Steel 
Beams. — William  Snaith  gives  the  following  data  in  an  article  "Standard 
Bridge  Floors  of  Concrete  Slabs  on  Steel  Beams"  published  in  Engineering 
News-Record,  July  12,  1917. 

The  fioor  systems  investigated  havu  been  designed  to  meet  the  usual  stand- 
ard specifications  as  to  construction.  The  dead-load  D  is  taken  to  indude 
the  weight  of  the  concrete  slab,  the  supporting  steel  and  two  hand-rails  eadi 
weighing  200  lb.  per  lin.  ft.  The  live-load  L  is  either  a  15-ton  road  roUer  or  a 
unifonn  load  of  100  lb.  per  sq.  ft.,  whichever  gives  the  greatest  stresses.  Tto 
roller  is  assumed  to  consi.st  of  two  back  wheels  i^ith  20-in.  face  and  &-ft.  center 
to  center  and  of  one  front  wheel  with  40-in.  face,  the  axles  being  10  ft.  center 
to  center  and  the  load  on  each  of  the  three  wheels  being  10,000  pounds. 


HIGHWA  Y  BRIDGES  AND  CULVERTS 
ct  of  impact  Is  calculated  from  the  formula: 


fonei  Length  in  fett 
18. — Estimated   coats  of  Boors  per  square  foot.  iDolui 

impact  formula  will  give  uniformly  better  leaults  than  a  straight  per- 
1^  of  the  live-load  or  a  formula  baaed  only  on  live-load  and  panel  lengtll. 
leraee  prices  for  ateel  beams  in  place  in  bridge  floors  and  for  concnte  is 
'  were  assumed,  and  the  total  cost  of  one  bay  (slab,  curb,  strinjers  and 
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m 

floorbeam)  was  calculated.  These  values  were  divided  by  the  area  of  floor 
supported  (nominal  width  multiplied  by  panel  length),  and  the  results  wen 
expressed  in  curves,  Fig.  18. 

Owing  to  the  use  of  commercial  sizes  and  abrupt  changes  in  loading,  wim. 
for  example,  the  whole  roller  is  taken  into  account  instead  of  only  two  bick 
wheels,  or  when  the  uniform  live-load  replaces  the  roller  load  in  the  calciil»- 
tions,  these  curves  are  not  smooth  and  actually  cross  over  one  another.  Itii 
not  to  be  understood  that  the  figures  represent  actual  probable  costs;  tbey 
are  approximate  only  and  will  be  affected  by  changes  in  cost  of  materials  toil 
locality.  However,  they  are  of  value  for  purposes  of  comparison  and  deailT 
indicate  the  economic  panel  length  when  the  floor  systems  only  are  considered. 

Alternative  floor  systems  were  carefully  calculated  by  the  same  methods  ai 
those  adopted  and  proved  to  be  more  expensive  in  every  case.  An  interestins 
comparison  was  made  in  the  case  of  the  16-ft.  roadway  system.  Five  systODt 
were  investigated  out  with  various  thicknesses  of  slab  and  were  plotted  sini* 
larly  to  Fig.  18.  The  four-stringer  system  shows  a  notable  economy  at  ill 
spans.  The  ^ven-stringer  system  ia  almost  as  economical  at  10-ft.  ptnel 
length  as  the  four-stringer  system  and  least  so  at  35-ft.  panel  length.  Exactly 
the  reverse  is  true  of  the  six-stringer  system.  The  way  in  which  the  curves 
crossed  one  another  would  show  that  no  general  statement  would  be  war- 
ranted that  the  fewer  the  stringers  the  greater  the  economy.  Eadi  cue 
must  be  settled  on  its  merits. 

The  amounts  of  the  errors  due  to  the  various  assumptions*  were  carefully 
investigated.  They  are  inconsiderable  and  invariably  on  the  side  of  safely 
The  expression  of  the  dead-load  figures  in  multiples  of  25  lb.  will  not  in  tBJ 
case  iiivolve  an  error  of  more  than  1  per  cent  in  the  total,  and  the  effect  of  the 
round  figures  adopted  for  the  roller  loadings  on  the  side  stringers  does  not 
exceed  the  actual  loadings  by  more  than  4  per  cent  of  the  total  leBulti  lit 
35-ft.  panel  lengths.  The  sum  of  the  three  errors  above  will  hardly  amount 
to  4  per  cent  for  panel  lengths  less  than  20  ft.  and  not  more  than  6  per  cent  it 
35  ft.  in  any  instance. 

Particulars    of   Standard    Floor   Systems   Considbbsd   in    Analtbib  or 

Stresses 

Dimensions   of  standard 
floor   systems 

Clear  width  of  roadway,  in  ft 12  14  16  18  10 

Number  of  stringers 3  4  4  4  5 

Thickness  of  slab,  in  in 8  8  8  8  8 

Spacing  of  middle  stringers,  in  ft 5  5  6  5 

Distance  middle  to  side  stringers,  in  ft.  and  in 5-0  3-^  5-0  5-0  4-4 

Distance  side  stringers  to  end  of  floor-beam,  in  ft. 

and  in 2-0  1-9  1-6  2-6  1-6 

Dead-load  in  lb.  per  lin.  ft.  on  middle  stringers: 

Panels  6  ft.  to  19  ft 550  550  550  550  5B0 

Panels  20  ft.  to  35  ft 575  575  675  575  875 

Dead-load  in  lb.  per  lin.  ft.  on  side  stringers: 

Panels  6  ft.  to  19  ft 675  600  625  725  flOO 

Panels  20  ft.  to  35  ft 700  625  650  750  6»fi 

•The  assumptions  were  as  follows: 

1.  Max.  bending  moment  equals  the  sum  of  the  Max.  LX.  and  DX.  momeBtf. 

2.  D.L.  per  lin.  ft.  per  stringer  talccn  in  round  numbers  to  nearest  multiple  of 

25  above  the  actual. 

3.  L.L.  from  the  roller  on  side  stringers  taken  in  even  thousands  of  pounds. 

4.  Wt.  of  each  wheel  acts  at  a  point  (in  stringer  and  floor  beam  ealeuIatloBi). 

5.  In  stringer  calculations  the  slab  is  assumed  not  to  be  oontinuooa. 

6.  Length  of  floor  beam  (between  center  line  of  trusses)  is  assumed  to  be  S  ft 

greater  than  width  of  roadway. 
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standard  plans  in  the  coastruct 
as  only  to  determine  the  proper  1 
ertalQ  location.  In  getting  out 
liie  print  oT  a  certain  type  of  si 
iuie,  if  tbe  Decesaary  length  of 

oecesssrlly  looger  than  ordinary 

ffbere  the  end  or  ends  of  the  ci 
ly  tine,  and  itwould  either  be  imi 
1  right-of-way. 

Where  the  additional  tilling  me 
inry  In  the  larger  walls.  While 
•ck  cut,  or  where  filling  materli 
nc8.  and  materials  for  inasonry  • 
On  side  bill  slopes  vbere  the  gra 
ide  alopee  of  the  road  improvemi 
ladway  aa  clearance  viU  allow. 
Where  the  structure  occurs  in  a 
h,  in  which  the  grade  of  flow  llpe  is  very  steep, 
planning  culverta  another  important  feature  must  be  ke[ 
■  to  the  necessity  In  future  years  of  providing  more  rotidwa; 
1c.  Today  we  are  replacing  bridges  of  12  and  I4-ft.  roadway  with  those 
t.  IS  or  even  24  tt.  If  a  culvert  had  been  constructed  29  years  ago  with  a 
.,  massive  headwaU,  Instead  of  a  long  barrel  and  low  headwall,  today  H 

of  It  and  cover  It  over — Id  order  to  carry  a  wider  roadway  across.  Ex- 
llng  a  culvert  that  has  beea  built  with  long  barrel  and  low  headwaU  oan  be 

0  show  graphically  the  ililTerence  In  cost  between  the  two  kinds.  <d  designs, 
irve  has  been  drawn  for  each.     In  the  upper  left-hand  comer  of  Fig.  19  Is  j, 
ivn  in  full  lines  the  culvert  used  aa  a  baae^SO  lin.  ft.  of  IS-in.  cast  Iron  pipe' 

1  gravity  headwalls  designeit  to  hold  a  IH  to  I  slope.  Superimposed  on 
aectlon  Is  shown  In  dotted  Unen  the  two  methods  discussed  of  lacreaalng 
structure  to  provide  for  the  increased  depth  of  fill  above  flow  line. 

'wo  tables  were  computed  to  obtain  data  for  plotting  the  curves  and  an  also 
wn.  The  table  marked  "A"  gives  total  costs  of  culverts  whose  barrels  are 
t  a  constant  length  of  30  (t.  and  whose  headwalla  are  raised  and  langthsnad 
different  depths  of  fill  varying  by  1  ft, 

■ahle"B"show9  the  cost  of  culverts  whose  headwalls  are  k«pl  <rf  constant 
lenaion,  and  whose  barrels  vary  In  length  to  fit  the  road  section. 
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Table  A. — Estxmatbd  Quantztxbs  and  Costs  of  Cxtlvbbts  with  High  Bus 

Walls 


o 


o-  o  ?!         .  S 


S«        %^        2S      I     -a^    2^       -        ^^      -2 


*«*    fl) 


w*^  Hi  ^-^  o^  o-  w  o'^  o-^     o-^  b* 

3  6'-0"  l'-9"  2.0     30  ..      $  20.80  $60.00 $80.80 

4  8'-0"  2'-2"  5.8     30  ..  46.40  60.00 106.40 

6  ll'-O"  2'-6"  10.4     30  20  83.20  60.00  $20.00  163.» 

6  14'-0"  2'-9"  16.3     30  26  130.40  60.00     26.00  216.40 

7  17'-0"  3'-2"  24.7     30  32  197.60  60.00     82.00  280.60 

8  20'-0"  3'-6"  34.9     30  38  279.20  60.00     38.00  377.20 

9  23'-0"  3'-9"  46.4     30  44  371.20  60.00     44.00  475.20 

10  26'-0"  4'-2"  62.2     20  50  497.60  60.00     60.00  807.80 

11  29'-0"  4'-6"  79.8     30  56  638.40  60.00     66.00  754.40 

12  32'-0"  5'-0"  103.0     30  62  824.00  60.00     62.00  946.00 

Table  B. — Estimated  Quantities  and  Costs  of  Culvbbts  with  Low  Hbad 

Walls 


*»>  «^  "So  £  i^  g           0„  ©"g  *S  ^ 

II  jo  fi  II  V  "  o  g-a  cz:          s5  S2  S  "2 

3  5'-0"  l'-9"  2.6  30  ...  $20.80  $60.00     80.80 

4  5'-0"  l'-9"  2.6  33  ...  20.80  66.00     86.80 

6  5'-0"  l'-9"  2.6  36  5  20.80  72.00  $2.00  94.80 

6  5'-0"  l'-9"  2.6  39  10  20.80  78.00  4.00  102.80 

7  5'-0"  l'-9"  2.6  42  25  20.80  84.00  10.00  114.80 

8  5'-0"  l'-9"  2.6  45  45  20.80  90.00  18.00  128.80 

9  5'-0"  l'-9"  2.6  48  60  20.80  96.00  24.00  140.80 

10  5'-0"  r-9"  2.6  51  100  20.80  102.00  40.00  162.80 

11  5'-0"  l'-9"  2.6  54  125  20.80  108.00  60.00  178.80 

12  5'-0"  l'-9"  2.6  57  175  20.80  114.00  70.00  204.80 


The  curve  "  C  "  was  plotted  to  show  the  cost  of  fill  that  would  be 
to  cover  the  barrel  of  the  long  culverts  and  to  occupy  the  apace  taken  up  ^ 
the  high  headwalls,  If  they  were  to  be  removed.  The  area  between  the 
curves  "B"  and  "C"  represents  thi^  cost — the  ordinates  being  plotted  from 
the  curve  "B." 

The  sudden  jump  in  the  upper  curve  is  caused  by  adding  the  coat  of  hand- 
rail to  this  type  of  culvert  at  the  point  where  top  of  the  wallis  five  feet  aboife 
flow  line  in  order  to  comply  with  the  state  law  governing  this.  The  aasumed 
prices  used  are: 

Concrete,  cu.  yd $8. 00 

18-in.  cast  iron  pipe,  lin.  ft 2. 00 

Handrail,  lin.  ft 1.00 

Earth  fill,  cu.  yd 40 

In  order  to  show  a  specific  example  from  these  tables,  we  have  aelected  tbe 
two  types  of  culverts  that  would  be  necessary  f or  a  flU  of  ten  feet  above  the 
flow  line — ^the  two  types  are  superimposed  to  make  the  compariMn  moiB 
striking.  This  is  shown  in  Fig.  19.  The  cost  of  the  culvert  with  the  h%h 
walls  is  $607.60,  while  that  of  the  other  is  only  $162.80,  mpTftn«nt«"g  »  Mvlnc 
of  $444.80. 


D  and  without  leinforcemeDt.  Thla  latter  lequirameDt  wu  not  to  tha 
ictlon  ul  the  engineer,  but  was  Decesaaty  on  account  of  local  santlment, 
tnw  was  lneipeTienc«d  when  started  and  (he  englneei  Uved  practically 
2  job  for  the  first  two  structures.  Better  Bucceas  was  had,  however, 
1  year  previous,  when  a  culvert  was  installed  by  a  crew  of  expeifenoed 
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Costs  and  data  on  culverts  are  given  in  Table  XXX .    The  nchadule  of  wifes 
of  this  culvert  crew  was: 
Foreman,  30  cts.  per  hour. 
Teams,  45  cts.  per  hour 
Labor,  20  cts.  per  hour. 

Table    XXX. — Mass    Co.vcretb    Culvbrts — No    Reinforcbmbnt 


>»  e 


X 


a  ^  ^ 


d  i-n^'^^—  >»2 

Name  of  creek —     -^  s;^:?:;:;^-^^^!;,^ 

Hard 
Foundation Clay     Clay     Clay    sand    Sand    Sand    Claj'   Ledce  Ledfe 

Clear  span,  f t  . .  .  16  8  8  8  8  4  8  24  16 

No.  arches 2  1  1  1  1  1  1  3  2 

Cu.  yds.  concrete.  60  60.3  38  46  49  15  43  108  56 
Total  cost  cul 

vert.                  $  505  S409  $387  $372  $364  $98  $340  $929  $683 
To  t  a  1    cost 

concrete 358  266  200  227  230  62  205  489  345 

Unit  Cost  Concrete: 
Labor,     mix    and 

place  1.70     1.44     1.64     1.38     1.54     1.35     1.22     1.55     1.66 

Cement 2.85     1.88     2.16     2.04     1.89     1.42     1.78     1.91     2.16 

Aggregate 1.41     1.10     1.46     1.51     1.25     1.36     1.77     1.07     2.13 

Total     per     cu. 

yd $5.96  $4.42  $5.26  $4.93  $4.68  $4.13  $4.77  $4.53  $6.15 

Tiie  24-in.  concrete  tile  were  made  by  the  grade  crew  and  some  of 
installed  on  wet  days.  Two  men  worked  at  the  tile  molds,  the 
being  taken  from  the  sand  gravel  pockets  in  the  pit.  A  1 :  3H  mix  was  used. 
the  tile  having  4-in.  walls,  lap  joints,  and  being  reinforced  with  steel  car  wire 
80  spaced  as  to  have  rings  8  ins.  c.  to  c.  when  the  tile  are  installed.  The 
labor  cost  on  the  tile  was  about  50  cts.  each  or  25  cts.  per  ft.  Further  data  <hi 
the  work  of  the  tile  crew  follow: 

Making  Tilb 

Total    Per  tile  Per  ft. 

Number 425.00 

Labor  cost* $209.76  $0,403  $0,246 

Cement  cost 170.50    0.401     0.201 

Total  cost $380.26  $0,894  $0,447 

Inhtallin'o  Tile 

Number 214  

Cost* $331.50  $1.56     $0,776 

*Labor  rates  were  the  same  aa  for  the  culvert  crew. 

Cost  of  a  4  X  6-Ft.  Reinforced  Concrete  Box  Culvert. — The  f oUowin^  eost 
data  on  the  construction  of  a  4  x  5-ft.  concrete  box  culvert,  26  ft.  lonf, 
given  in  Engineering  and  Contracting,  Dec.  4,  1912,  are  taken  from  a  bullatlii 
on  culverts  and  small  bridges  issued  by  the  North  Carcdina  Geoloflcal  and 
Economic  Survey.  The  culvert  was  constructed  by  a  regular  county  concVBte 
gang,  composed  of  a  foreman,  seven  men  and  two  teams  and  drivms.  It  wu 
completed  in  four  days  of  10  hours  each.  The  excavation  was  lii^,  but  the 
soil  was  of  a  hard,  black  nature  that  was  hard  trimming.    Water  for  mfador 
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•e  h&uled  two  milea.    Sand  grave 
Tbe  gnvel  contained  a  sligbt  «: 
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I  Conctete  Culverts  Under  Canal  i: 
ible.  rearraDged  [rom  data  given 
tracting,  April  23.  1913.  givea  the  i 
culverts  lo  carry  Hood  waters  un 
Commlasioners.  in  Sevier  county,  1 

led  from  the  same  setting.  On  ac 
which  this  work  had  to  be  done,  a 

Suid  and  gravel  for  tliene  atructu. 
oF  three  miles,  and  constitutes  tbe  j 
yrei."  Water  for  mixing  and  carnp 
«  of  two  to  three  miles,  and  is  Inclu 
Moving."  which  column  alao  incl 
ig  steel,  and  form  material  from 
e  alfout  eight  niiies.  This  column 
IS  and  mixing  boards  from  one  set 
lion  Pnmp  three  rtifferent  times. 
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The  column  headed  "  Hand  Excavation"  represents  the  cost  of  digging  tbo 
trenches  for  the  footing  walls,  and  leveling  the  main  trench  for  the  culwrt 
after  it  had  been  cut  down  practically  to  grade  by  team  and  scraper  woik. 

The  column  headed  "  Form  Material"  is  obtained  from  taking  the  total  ooit 
of  all  form  material,  hicluding  timber,  wire,  nails,  etc.,  and  dividing  it  up  ta 
proportion  to  the  number  of  cubic  yards  of  concrete  in  each  structure.  No 
deductions  have  been  made  from  these  averages  on  account  of  any  salvage 
value  of  form  material  still  on  hand. 

Two  mixing  gangs  were  used,  each  provided  with  its  own  accompaniment  of 
apparatus  and  teams  for  hauling  purposes.  The  work  was  done  during  the 
months  of  February,  March  and  April,  1912,  under  extremely  advene  weather 
conditions.  During  the  major  portion  of  this  time  all  green  concrete  hid 
to  be  covered  up  to  keep  it  from  freezing.  No  account  was  kept  of  this,  but  k 
included  in  the  column  headed  "  Mixing  and  Placing  Concrete." 

Table   XXXI. — Cost   Peb  Cu.   Yd.   or  Cui.vebt  Constbuctzon 

TUBULAB  CULVEBTS 

No C  18  3  7  1 

Diam.  ins 18  18  18  18  34 

Length,  ft 49  49  53  68  80 

Sacks  of  cement  used 49  50  Q5  ...  00 

Lbs.  of  reinforcement  used 200  180  300  317  372 

Total  concrete,  cu.  yds 9.8  10  13  13.6  18 

Cost  per  cu.  yd. : 

Cement S  3.102  S  3.200  $  3.200  $  3.310  $  3.200 

Reinforcement  at  Sets,  per  lb.  .  0.612      0.540      0.461       0.470      0.468 

Sand  and  gravel 2.857       1.960       1.723       1.815       1.400 

Mixing  and  placing  concrete. . .  2.929      2.507       3.963       1.833      3.766 

Total  concrete S  9.500  S  8.207  t  8.346  $  6.836  S  7.800 

Form  material 2.022       2.023      3.033      3.033      3,0» 

Building  and  moving  forms 0.535      0.512       0.404      0.854      0.468 

Total  forms $  2.557  S  2.535  $  3.437  $  3.376  $  3.481 

Haulage  and  mo\ang 1.523       1.333       1.333       1.888       l.SIS 

Hand  excavaUon 0.447      0.447       0.447      0.445      0.447 

Grand  total $14,027  $12,522  $13,653  $10,480  $13,060 

BOX    CULVEBTS 

No B  24              9  10  31 

Dimensions,  ft 2X2  2X2  3X3  8X3  8X8 

Ungth,  ft 47. 5  48             48  48  47.6 

Sacks  of  cement  used 66  69           130,  138  141 

Lbs.  of  reinforcement  used 335  335  1 .  369  1 .  369  1 .860 

Total  concrete,  cu.  yds 13.2  13.8  20.6  37.6  28.8 

Cost  per  cu.  yd.:  ^  ^  

Cement $  3.200  $  3.200  $  4.030  $  8.200  $  8.800 

Reinforcement  at  3  cts.  per  lb .  .       0.761       0 .  728       1 .  098       1 .  488       1 .  460 

Sand  and  gravel 2.121       2.434      0.670      0.830       I.IBI 

Mixing  and  placing  concrete. .  .       2.683       2.283       3.061       3.075      3.40$ 

Total  concrete $  8.765  $  8.645  $  0.673  $  7.684  $  8.364 

Formmaterial $  2.022  $  2.022      2.033       3.023       3.011 

Building  and  moving  foriiiH 0.719      0.681       0.583      0.407      0.413 

Total  forms $  2.741  $  2.703  $  3.604  $  3.480  S  3.486 

Haulage  and  moving 1.333      1.333       1.338       1.888       1.881 

Hand  excavation 0.447       0.447      0.447       0.447      0.447 

Grand  total $13,286  $13,128  $14,056  $11. 7M  $13,400 
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u  of  cement  used . . 
1  of  reiDforceiDent,  u 


dement S  3.200 

telnlonsement  U  a  eta.  per  lb .  .  l.Ml 

Imd  and  anvel 0.833 

Hoot  sDd  pUciD*  concrete. . .  3.317 

ToUl  eonente ..  tT.MH 

^orm  mflterial 2.023 

luildinc  BDd  moving  forma. . . .  0.4SE 

Total  (orma »  2.47S 

laulage  and  nioviiia 1 ,  333 

Grand  total (12. ISC 


Eh.  ft 

1.  ofreinforeemeatused 
"otal  concrete  eu.  yd«.. 


.   t  3.20C 
0.64E 


Total  concrete I  S.Oflt 

''arm  material 2.02! 

JulldingaDd  movine  forma 0,821 

Total  forms >  2.841 

laulage  and  moving 1 ,33J 


The  chief  item  of  interest  as  shown  by  tl 

ixe  for  comparison  with  other  alnicture 

:  condltiona.  is  the  inverse  proportion 

t  constructed,  whicb  emphasizes  the  rniponance  oi  Knowme  not  oair 

al  yardage  ot  concrete  to  be  installed,  but  also  Ita  dlstribuUoD  bl  varioun 

ta,  and  the  variation  of  size  in  theae  uoita.  .  ' 

Vacee  per   da>'  paid  were  aa  lollowa:  Teama  with  drivsr.  U:  {oraman.  M: 


l  total  ot  3,093  sacks  ol 
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Av.  per 

Item                                                                                           Total  cu.  yd. 

Cement f  1.979. 06  $3.23 

Reinforcement  at  3  cts.  per  Ih 679. 20  1 .11 

Rand  and  gravel 810.51  1.32 

Mixing  and  placing  concrete 1 ,566.20  2.55 

Total  concrete $5,034.97  $8.21 

Form  material 1.240.17  2.02 

Building  and  moving  forms 270. 53  0. 51 

Total  forms $1,610.70  $2.53 

Haulage  and  moving 748.43  1 .22 

Hand  excavation 274.21  0.44 

Grand  total $7,568.31  $12.40 

Construction  Cost  of  S-ft.  Combination  Corrugated  Pipe  and  Concrete 
Culvert. — The  following  data  are  taken  from  an  article  in  Engineeriogr  and 
Contracting,  Jan.  1,  1913,  by  John  N.  Eddy. 
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Fia.  20. — Combination    corrugated   pipe   arch  and  reinforced  oonorete  inTert 

culvert. 


Fig.  20  represents  a  section  of  a  40-ft.  combination  iron  pipe  and  oonoeto 
culvert  built  by  force  account  for  the  City  of  Billings,  Mont,  in  the  tummer  of 
1912.  This  design  assumes  the  use  of  a  half -section  of  oorrugmted  p4w 
for  the  arch  only,  which  rests  on  side  walls  of  concrete  as  shown.  ¥7liUe  it  was 
found  that  the  concrete  portion  cost  approximately  the  same  as  a  tuUf-oectiao 
of  pipe,  it  was  possible  to  secure  slightly  greater  oilvert  area.  Thb  plaa  ww 
adopted  primarily  as  an  experiment,  and  seems  to  have  possibnitieo  wortby 
of  consideration.  The  figure  showing  the  details  of  thfti  design  Is  self- 
explanatory. 

In  constructing  the  combination  culvert,  the  side  wall  footings  w&n  pland 
first,  after  which  the  reinforced  concrete  floor  was  laid  on  a  grtLTtA.  bate.  WsB 
forms  were  then  built  and  concrete  poured.     The  setting  and  bolfliig  of  tts 


rop-lDlet  culverts  to  convey  water  from  the  upper  rtltch  to  s.  point  of  dl»- 
■ge  very  much  lower  on  the  other  side  of  the  road  ore  afl«a  ruxaaaaig  on 
way  work  In  rolhng  country.  The  deaign  shown  In  Fig.  21,  was  worked 
o  meet  a,  condition  where  the  point  of  discharge  was  2i  ft.  lower  than  the 
line  of  (he  upper  ditch. 

a.  conventlonaj  diop-inlel  culvert  had  been  installed  at  this  point  It  would 
i  necessitated  the  excavation  ot  a, well  at  least  22  ft.  deep  and  the  driving 
tunnel  from  the  bottom  ot  this  well  to  tlie  point  of  dlscllaige.  .  Another 
"native  would,  of  course,  have  been  to  cut  through  the  entire  bulk..     In 
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either  case  the  excavation  would  have  been  difficult  and  expensive.  1 
special  design  is  considerably  cheaper  and  in  other  ways  much  to  be  pnfeo 
Reference  to  the  drawing  will  show  that  the  ditch  was  cut  to  a  slope  of  abt 
IH  to  1,  and  of  a  width  to  take  the  24-in.  sewer  pipe  which  was  used  in  plaa 
concrete  because  no  economical  method  could  be  devised  by  which  the  o 
Crete  could  be  poured  on  so  steep  a  slope.    Tile  of  this  size  could  not  be  fou 
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CHART  I 

Fio.  22. — Chart  for  determining  weight  of  steel  sheeting  requirad  f or  oiio' 

cofferdams. 


in  stock  in  the  neighborhood,  and  the  necessity  for  ordering  it  spedaDy  ^ 
somewhat  to  the  cost  of  the  work,  which  was  $227.61,  distributed  M  ftl^ 

Reinforced  concrete,  10  cu.  yd.  at  $11 1110.00 

24-in.  sewer  pipe,  39  lin.  ft U.71 

Freight  on  pipe -.       SI.4I 

Labor  installing  pipe 15.11 

Contractor's  fee,  at  15  % lAjM'-i^* 
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al  of  146  lb.  of  steel  was  required  for 
Ire"  used  in  the  apron.    A  c 
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— Chart  for  determining  weight  of  steel  sheeting  required  for  straightr 

wall  or  irregular  cofierdams. 

lesign  can  easily  be  modified  in  dimension  or  in  slope  of  barrel  to  fit 
my  condition  found  in  the  field.  In  many  cases  it  will  be  found  that 
•able  saving  will  result. 

bt  of  Steel  Sheeting  for  Round  or  Box  Cofferdams. — In  Engineering 
Oct.  7,  1916,  N.  G.  Near  gives  the  following  nomographic  charts 
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whidi  save  considerable  time  in  calculating  the  quantity  of  steel  sheeting 
required  for  a  given  wall  or  cofferdam,  especially  in  the  case  of  a  circular 
structure.  Chart  No.  1  (Fig.  22)  is  for  computing  the  weight  of  such  coffer- 
dams, and  its  use  may  be  illustrated  by  supposing  that  it  is  desired  to  find  the 
weight  of  steel  sheet  piling  required  to  construct  a  cofferdam  40  ft.  in  diameter 
and  20  ft.  deep,  assuming  that  a  section  weighing  40  lb.  to  the  square  foot  is 
used.  To  solve  this  problem,  connect  20  on  scale  A  with  40  on  scale  E  and 
locate  the  intersection  with  scale  D.  Connect  the  point  thus  found  with  40  on 
column  B.  The  weight,  100,000  lb.,  is  then  read  at  the  intersection  of  this 
last  line  with  column  C. 

The  second  chart  (Fig.  23),  which  is  for  straight-wall  or  irregular  structures 
where  the  total  length  is  known,  is  used  in  a  similar  manner.  For  exunple,  to 
find  the  weight  of  steel  sheeting  required  to  build  a  wall  30  ft.  long  and  10 .ft. 
deep,  using  a  section  which  weighs  21.5  lb.  per  square  foot,  connect  10  on  scale 
A  with  30  on  scale  E,  locate  the  intersection  with  scale  D  and  connect  this 
point  with  21.5  on  scale  B.  The  total  weight,  about  0500  lb.,  is  read  at  the 
intersection  of  this  line  with  scale  C. 

The  range  of  these  charts  is  wide  enough  to  cover  almost  any  sheet-pile 
structure.  The  weight  per  square  foot  of  the  type  sheeting  which  is  to  be 
used  can,  of  course,  be  taken  from  the  handbooks  of  the  steel  companies  which 
make  piling. 
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S..  deduced  the  tollowlng  r 

of  the  »ubatrveture  u  equal  i 

'he  mathematical 


ed  that  the  rule  omits  the 
.  Waddell  correctly  polnl«il 
span,  and  therefore  not  a 
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ENOINEEBINO-CoNTRtCniNO 

3k  ot  Cost  Data,"  page  14B 
el  railway  bridges  haa  been  1 

dees  "has  been  scarcely  2a  j 

3  been  the  rapid  Increase  In  the  weight  of  locomotives  and  cars.  Perhaps 
havereached  the  limit  of  weight  or  rolling  stock,  but.  If  wo  are  to  ]udge  the 
.ure  by  tbe  past,  we  certainly  have  not  reached  the  limit;  and,  If  we  have  not, 
!  life  of  fltee!  bridges  built  today  wiU  probably  be  little  If  any  greatet  than 
a  the  life  of  steel  bridges  built  20  years  ago — at  the  time  that  Mr.  Waddell 
dueed  the  rule  above  quoted. 
Out  object  Is  to  present  a  rational  formula  for  detetmlning  the  economk) 

nil 
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pan  of  each  of  a  series  of  bridges,  taking  into  consideration  not  only  first 
cost  but  maintenance  and  depreciation.  We  shall  show  that,  when  these 
important  factors  are  considered,  a  correct  rule  ( -*  equation  17  deduced  below) 
to  be  applied  is  as  follows: 

For  tJie  economic  span^  where  a  aeriee  of  epana  rest  on  piere,  t?ie  length  of 
span  must  be  such  that  the  first  cost  pltts  the  capitalized  cost  of  annual  mainte- 
nance and  depreciation  of  the  longitudinal  trusses  (or  girders)  and  the  lateral 
system  must  equal  the  first  cost  plus  the  capitalized  cost  of  annual  maintenance 
and  depreciation  of  the  piers  and  other  substructure. 

We  shall  also  deduce  a  general  formula  (eq.  16)  that  will  give  the  economic 
length  of  span,  for  any  class  of  bridge,  upon  substitution  of  proper  valueR 
for  the  constants. 

Proceeding  now  to  the  demonstration  the  following  symbols  win  be  used: 

L  B  length,  in  feet,  of  span. 

K  B  cost,  in  dollars,  of  each  pier. 

S  »  cost  of  substructure,  in  dollars,  per  lineal  foot  of  bridge. 

T  »  cost  of  trusses,  in  dollars,  per  lineal  foot  of  bridge. 

y  »  cost  of  entire  bridge  (piers  and  superstructure)  per  lineal  foot. 

p  s  price,  in  dollars,  per  i)ound  of  steel  trusses  in  place. 

10  »  weight  of  steel,  in  pounds,  per  lineal  foot  of  entire  superstructure. 

C  =>  a  constant  in  the  straight  line  formula  for  bridge  weight  (v  -i  CL  + 
F),  the  value  of  C  depending  on  the  type  of  bridge  and  the  loading. 

F  »  weight  of  steel  floor  system,  in  pounds,  per  lineal  foot  of  bridge. 

M  -  capitalized  cost  of  annual  repairs  and  renewals  of  steel  trusses,  ex- 
pressed as  a  percentage  of  the  first  cost  of  the  trusses. 

N  «  capitalized  cost  of  annual  repairs  and  renewals  of  the  pier,  exjneased 
as  a  percentage  of  the  first  cost  of  the  pier. 

B  «  width,  in  feet,  of  fioor  of  a  highway  bridge. 

The  weight  per  lineal  foot  of  a  steel  bridge,  whether  plate  girder  ot  trun 
bridge,  may  be  expressed  by  the  following  general  formula: 

w  =  CL  -{•  F (1) 

Hence  the  cost  of  the  steel  per  lineal  foot  of  bridge  is 

I  ^  wp  ==  pCL  -^  pF (2) 

When  the  cost  of  a  pier  is  not  afiFected  by  increasing  or  decreasing  the  length 
of  bridge  span,  as  is  usually  the  case,  then 

K 
"^  =  ,    (3) 

But 

1/  '  I  +  S (4) 

2/  =  pCL  +  pF  +  - (6) 

To  determine  the  minimum  value  of  i/  (»  cost  per  lineal  foot  of  entire 
bridge),  differentiate  eq.  (5),  remembering  that  L  and  y  are  the  only  variaUM. 

KdL 
dy  =  pCdL--— («) 

dy 
Placing  the  first  differential  coefficient  —  -  0,  we  have 

dlj 

K 

p^-z". <^ 
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ibstituting  for  —  its  value  in  eq.  (3),  we  have 
L 

_    S 

L " 

,  =  5 

ut  pCL  is  the  cost  of  the  trusses  per  lineal  foot  of  bridge,  henoe 
=  pCL ^ 

=  5 :/.....,... 

[ence,  for  the  economic  span,  the  cost  of  the  trusses  pei 

ge  must  equal  the  cost  of  the  pier  per  lineal  foot  of  bridge,  prvviuvu 

D  annual  expense  for  maintenance  and  depreciation. 

\  eq.  (7)  be  solved  for  L,  we  have 


Vl 


pC 
I  eq.  (7)  be  solved  for  K,  we  have 

:  =  vCLi 

iquation  (12)  is  to  be  used  only  where  there  is  no  annual 

-eoewals  of  either  substructure  or  superstructure,  i 

r  a  steel  bridge  has  a  life  of  20  years,  and  if  mon6j  > 

lum  to  the  investor,  a  sinking  fund  table  shows  thai  ^• 

d  annually  to  amount  to  $100  at  the  end  ol 

t  of  renewals.     Capitalizing  it  at  5  per  cent,  wtj  ij»v«         *. 

ich  is  the  capitalized  cost  of  renewals  on  every  $10C 

j1  in  place.     Hence  the  value  of  M  in  this  case  is  60  pci  «.       ,  m  \ 

er  words  the  total  cost  of  the  steel  per  pound  is  o  J-        .  or  (1  4- 

p  in  this  case,  if  we  include  not  only  the  first  c 

•enewal.  ^ 

n  addition  there  is  the  annual  cost  of  painting  the  steel.    If  it  costs  $2  a  ton 

jcrape  and  paint  the  steel,  and  if  this  is  done  every  6  years,  we  have  $0.40 

the  annual  cost  of  painting,  which  capitalized  at  5  per  cent  is  $8  per  t«n. 

iteel  costs  $80  per  ton  in  plaice,  the  capitalized  cost  of  planting  the  steel 'is 

per  cent,  or  0.10,  of  its  first  cost.    This  0.10  also  is  a  part  of  M,  hence  "Ae 

al  value  of  M  in  this  case  is  0.6  +  0.1  »  0.7.    Henoe  in  this  case  the  entire 

t  of  the  steel  per  pound  is  its  first  cost  plus  its  capitalized  cost  of  renewal  atod 

nting,  or  1.7p.     Therefore,  if  the  steel  in  a  bridge  has  a  limited  life,  we 

st  substitute  for  p,  in  eqs.  (9)  and  (12)  its  entire  cost,  namely  1.7p  in  the 

•ticular  case  just  discussed,  or  (1  +  Af)p  in  any  case.    This  gives  uSj 

tead  of  eqs.  (9)  and  (12), 

-\-  M)vCL  =  5,  or  (1  +  3f)r  =  S .(14) 

/.(16) 

(1  +  M)pC 


V 


Assuming  money  to  be  worth  5  per  cent  per  year,  we  can  readily  derive  the 
)italized  cost  of  steel  renewals  for  any  given  life  of  steel  bridge,  by  the 
thod  above  indicated,  and  adding  0.10,  or  10  per  cent,  as  the  capitalized 
it  of  painting,  we  have  the  total  value  of  3f  as  in  Table  I,  ' 
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TABLE  I 

Life  in  yean 

Value  of  M 

20 

0.60 

25 

0.52 

30 

0.40 

35 

0.32 

40 

0.27 

50 

0.20 

Values  of  C  may  be  derived  from  formulas  giving  the  weight  of  steel  per 
lineal  foot  of  bridge.  Using  the  formulas  given  on  pages  1471,  1474  and  1478 
of  Gillette's  "  Handbook  of  Cost  Data,"  2nd  edition,  we  have  Table  II. 

Tablk  II 

C  =>  7,  for  single  track  railway  truss  bridges.  Cooper's  E-50  loading. 
C  =  12,  for  plate  girder  bridges,  ditto 


C  "■  IH,  for  single  track  electric  railway  truss  bridges,  loaded  with  30-ton  ioars, 

oi  2,000  lbs.  per  lin.  ft. 
C  -■  5,  for  plate  girder  bridges,  ditto. 

C  B  ^-T-^  a:  0.09  B,  for  highway  riveted  steel  truss  bridges,  with  sidewalks, 
11. o 

wooden  floor  system,  loaded  80  lbs.  per  sq.  ft.,  with  sidewalks  (B  being 

width  in  feet  of  floor,  including  width  of  sidewalk). 

C  "■  ^-L  »  0.11  B,  for  ditto  without  sidewalks. 

'^  0.24  B,  for  through  plate  girders,  ditto. 


4.25 


C  —  ^  =»  0.20  B,  for  deck  plate  girders,  ditto, 
o 

C  —  --  B  0.25,  for  truss  liighway  bridge  with  solid  floors  (assumed  dead  weicht 
4 

being  150  lbs.  per  sq.  ft.  of  floor). 
C  —   -  -  a«  0.42  B,  for  through  plate  girders,  ditto. 

iB.4 

B 
C  ■■  -^-x    =  0.38  for  deck  plate  girders,  ditto. 

There  are  some  rivers  and  river  beds  of  a  character  that  necessitate  con- 
siderable expenditures  for  riprap  and  other  pier  protection  at  frequent  inter- 
vals. In  such  cases,  the  annual  cost  of  pier  protection  should  be  ci^iitsliaed 
and  added  to  the  first  cost.  Thus,  if  $50  Ls  the  average  annual  expenditure  for 
pier  protection  and  maintenance,  we  have  $50  -^  5  per  cent  >  $1,000,  which 
is  the  capitalized  cost  of  pier  maintenance.  If  the  first  cost  of  the  liier  is 
$2,500,  this  $1,000  is  40  per  cent,  or  0.40,  of  the  first  cost.  Hence  N  -  0.4, 
and  in  eq.  (15)  we  must  substitute  (1  +  N)KioT  the  value  of  K  there  given,  If 
we  are  to  take  into  consideration  the  capitalized  maintenance  cost  of  the  pier 
as  well  as  its  first  cost.     Then  we  have 


Nf 


iL^>^ (16) 

+  M)pC 


In  like  manner,  eq.  (14)  becomes 

(1  +  Af)T  =  (1  +  N)S I,.... (17) 

Eq.  (17)  is  the  rule  print^d  above  in  italics. 


1.  wtiereaa  the  length  and  codt  ot  the  span  a 
pier.  MiLny  bridge  engineers  have  attacked  such  problems  wrong  end  to, 
mag  flpsn  lengths  In  advaiii^e  of  determloing  tha  probable  coat  of.  plera. 
nesB  lo  this  may  be  had  by  etudyin^  published  cosls  Ol  bridge  creastlWi  a* 
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Rules  for  Designing  Bridge  Spans,  the  Cost  of  Whose  Supports  Varies  with  the 
Span  Length. — In  the  deduction  of  the  preceding  formulas  it  has  been  assumed 
that  the  cost  of  each  pier,  K,  was  not  affected  by  the  length  of  the  span.  This 
usually  holds  true  of  piers  in  rivers,  for  their  crossHsection  is  designed  to  resist 
the  thrust  and  impact  of  ice,  logs,  boats,  etc.,  and  is,  therefore,  far  in  excess 
of  a  cross-section  required  merely  to  support  the  bridge  spans  and  their  loads. 
But  when  a  bridge  is  built  over  the  land,  or  in  still  water  where  boats  do  not 
ply,  or  wherever  the  piers  (or  their  equivalent)  are  given  a  cross-section  suffi- 
cient merely  to  support  the  load,  the  preceding  formulas  can  not  be  used 
without  modification. 

When  a  pier  becomes  merely  a  supporting  column,  its  cross-section  varies 
directly  with  the  load.  Hence  doubling  the  span  doubles  the  load  on  the 
column,  and  therefore  doubles  its  area  of  cross-section  and  approximately 
doubles  its  cost.  In  brief,  the  total  cost  of  columns  is  practically  a  constant 
for  any  given  length  of  crossing,  regardless  of  the  lengths  of  individual  spans. 
Such  columns  are  like  the  floor  system  in  that  their  cost  per  lineal  foot  of 
bridge  is  unaffected  by  changes  in  the  span  lengths.  Hence,  the  formulas 
above  given  can  be  applied  to  a  series  of  spans  supported  by  colunms,  only  upon 
condition  that  the  cost  of  the  columns  be  entirely  ignored.  In  the  case  of  an 
elevated  railway,  for  example,  K  (in  the  above  formulas),  becomes  merely  the 
cost  of  the  foundations,  or,  more  correctly,  the  cost  of  that  part  of  the  foundar 
tion  not  appreciably  affected  by  the  load  upon  the  colimui.  The  sam9  holds 
true  of  viaducts. 

A  study  of  the  detailed  cost  of  a  niunber  of  steel  viaducts,  given  in  Gillette's 
"Handbook  of  Cost  Data,"  page  1620  et  seq.,  shows  that  several  viaducts 
approximate  closely  to  eq.  (17),  but  that  many  of  them  fall  wide  of  the  eco- 
nomic mark,  so  wide,  in  fact,  that  it  is  quite  clear  that  the  designers  made 
little  or  no  advance  study  of  the  cost  of  the  foundation  and  pedestals. 

Cost  of  elevated  railways,  in  the  same  book,  page  1376  et  seq.,  show  similar 
errors  of  economic  design,  if  no  account  is  taken  of  the  fact  that  dose  spacing 
of  columns  on  city  streets  is  often  prohibitory,  because  of  damage,  or  aHeged 
damage,  to  property.  This  last  factor,  however,  is  one  that  frequently 
operates  to  produce  longer  spans  of  elevated  railway  girders  than  would 
otherwise  be  economically  permissible. 

It  is  evident  that  in  applying  eq.  (17),  the  designer  must  bear  in  mind  that 
no  part  of  the  cost  of  the  substructure  which  is  a  function  of  the  load  of  the 
span  and  its  live  load  should  be  regarded  as  being  a  part  of  K,  When  thif 
provision  is  held  clearly  in  mind,  eq.  (17)  furnishes  a  correct  solution  not  only 
for  bridge  spans  on  masonry  piers,  but  for  viaducts  and  elevated  railways. 

Deduction  of  a  Formula  for  the  Most  Economic  Span  of  Timber  Trestlaa. — 
The  following  is  an  article  by  H.  P.  Gillette  in  Engineering  and  Contracting, 
April  17.  1912. 

The  calculation  for  timber  trestle  spans  differs  mainly  from  that  for  steel 
spans  in  that  the  masonry  piers  for  steel  spans  have  a  much  longer  life  than 
that  of  the  steel  spans,  whereas  the  bents  of  a  trestle  usually  have  a  life  that 
is  the  same  as  that  of  the  stringers  or  beams.  The  economic  effect  of  a  life  of 
masonry  piers  that  is  longer  than  the  life  of  the  supported  steel  spans  is  fully 
discussed  in  the  preceding  pages.  In  the  same  article  it  is  shown  that  the  cost 
of  the  floor  system  does  not  enter  as  a  factor  in  the  problem  of  most  eoooomic 
steel  span.  Similarly,  of  course,  the  cost  of  the  "deck"  of  a  railway  trestle 
or  the  cost  of  the  floor  plank  of  a  highway  trestle  does  not  enter  the  pnbkBm 
before  us. 


Let 

C  -  total  coat  (in  dollftra)  of  be«, 
;   >  cost  of  betuns  per  Un.  ft,  of  i 
K  -  totaj  cost  ot  a  beol. 
k  -  cost  ot  beniM  per  lin.  ft.  ol  ti 
II  •  combined  cost  of  beams  and 
If  -  total  safe  load  (dead  and  U< 
F  —  conat&Dt  tor  any  Ktven  kind 
b  -  aggregate  breadth,  ax  Inches, 
i  -  depth  of  beam.  In  Inches. 
h  "  length  of  span,  In  feet, 
M-  number  ot  1.000  ft.  B.  M.  oi 
P  -  price  (in  place)  per  M.  of  tir 
(1)  C  -  pjtf. 


(8)  W  - 

7?" 

C7>  V- 

hii 

(S)  fcd  ~ 

12.000M 

Combining  (8)  and  () 

WL 

w  — 

12,000M 
L 

flO)  M  . 

12,000F./ 

Subslitu 

ling  In  (4). 

01.  V- 

Ti^fi  ^ 

To  solTC  for  a  mini 
fterenttal  coelBeient  e 

(121  dv 

12.000Fd 

'"'S 

12,000Ftl 

(U)  K  . 

pWL-- 
I2,000F'tl 
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.Substituting  value  of  M  (see  eq.  10)  in  eq.  (14;. 

(l!i)  K  -  pM. 

But  by  eq.  (1^  pM  -  C.  hence 

(16)  A"  -  C. 

Hence  the  motl  eeonomie  tretUe  tpan  ie  »eeured  token  the  eoet  of  a  ainifU  bent 
equalt  the  eogt  of  all  the  beanu  or  Hringers  in  a  single  apan. 

To  srrive  at  a  formula  that  will  give  the  length  of  the  most  eoonomic  span 
directly,  solve  for  L  in  e.  (14).    Then: 

*  1 2,000 /TF^/ 

(17)  L'  -      — - 


(18)  L  -  xP^^^'''   '  no   J^^^. 

yi  pw  \  pw 


pW  \  pW 

nearly.    Equation  (18)  is  the  desired  fonnula  by  which  to  determine  the  most 
economic  span  for  a  timber  trestle. 

It  will  be  observed  that  the  first  step  in  solving  for  L  in  eq.  (18)  is  the 
determination  of  the  cost  {K)  of  a- bent.  It  will  also  be  noted  that  K  is 
assumed  not  to  be  affected  by  the  length  of  the  spans  between  bents,  which 
is  essentially  true  in  all  ordinary  railway  and  wagon  trestles,  for  the  posts  are 
commonly  mafle  of  some  standard  cross-section  (as  12  x  12  ins.)  regardless  of 
the  height  of  the  bents,  and  so  large  a  factor  of  safety  is  used  for  the  posts  that 
the  number  of  posts  in  a  bent  is  not  altered  by  ordinary  changes  in  the  spacing 
of  the  bents;  that  is.  in  the  span  of  the  beams.  If,  however,  change  is  made  in 
the  amount  of  timber  in  the  bents  because  of  increased  live  load  per  bent  due 
to  longer  spans,  then,  although  there  is  an  increase  of  material  in  the  posts  per 
bent,  there  is  no  increase  in  the  total  material  of  all  the  posts  in  the  whole 
trestle.  In  other  words,  changes  in  the  amount  of  material  in  posts  of  a  bent 
resulting  from  increased  spans  cause  no  change  in  the  material  in,  all  the  posts 
per  lin.  ft.  of  bridge;  hence  we  must  confine  our  attention,  in  solving  for  K, 
to  such  costs  of  a  bent  as  remain  unaffected  by  changes  in  spacing  of  bents. 

For  any  given  type  of  trestle  and  loading,  the  cost  per  bent  {K)  is  mainly 
a  function  of  the  height  of  the  bent  and  the  price  of  timber  in  place  •  Hence 
the  economic  span  L  varies  approximately  as  the  square  root  of  the  beic^t  of 
average  l)ent  in  the  trestle.  This  is  a  point  that  is  seldom  given  enough  con- 
sideration by  designers  of  treaties. 

The  ordinary  limitations  as  to  commercial  length  (L)  and  depths  (cQ  of 
timtM^r  iMmins  do  not  i)ermit  any  great  refinement  in  solving  for  the  most 
economic  span  in  trestles.  But  on  the  Pacific  coast,  where  very  long  and 
large  tiinlM*rs  are  available  at  low  cost,  trestle  designers  can  use  eq.  (18)  to 
great  advantagt*.  Tlic  writer  has  seen  any  number  of  wagon  road  and  rail- 
way trestles  on  the  Pacific  coast  that  were  uneconomically  designed,  appar- 
ently iMicause  "standanl  designs"  worked  out  for  eastern  conditions  had  been 
adopte<l.  Highway  trestles  with  bents  spaced  16  ft.  apart  are  far  from  being 
ec^momic  in  a  country  where  timbers  30  ft.  long  are  available  and  cbeap; 
yet  a  16  ft.  spacing  of  bents  is  often  use<l  for  wagon  road  trestles,  merely 
IxK^auso  it  is  "  standard."  Standard  designs  are  money  savers  when  standard 
con(iiti<ms  exist,  but  otherwise  standard  designs  are  frequently  causes  of  great 
waste  of  money. 

K(iuation  (IK)  malces  it  evident  that  before  the  spacing  of  bents  is  decided 

in,  tlie  average  height  of  bents  should  be  determined.     It  also  shows  that 
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msnlpulatioiM  In  the  shops,  uid  o(  moderate  coat.  It  Ib  realized  tbat  tlw 
discovery  of  such  an  alloy  will  tequire  much  study  and  exhaustive  experi- 
ments, but  the  saving  in  cost  of  a  single  large  bridge  nlgbt  eully  exceed  the 
entire  expenditure  tor  such  exiterinients. 

The  basis  of  the  following  Investigation  is  a  mass  of  diagrammed  and  tabu- 
lated data  on  the  weights  of  metal  in  simple  spans  and  cantilever  bridge*  of 
carbon  steel,  up  to  a  limit  (tf  WMUt  epana  for  the  (onner  and  1300-tt.  main 
openings  for  the  latter,  accumulated  by  the  writer  and  fals  firm  during  tlw  last 


^ 

— 

>  clasa  R  bridges  plus  Impast. 


o  Spon  Lingtns  In 

Fio.  3.— Uniform  live-loftds  equivalen 

25  years,  together  with  the  weights  Of  niclwl-steel  bridges  and  of  i 
nickel-steel  and  carl>oo-sleel  bridges  computed  by  the  writer  in  the  pre 
tlon  of  a  previous  paper  on  "Niciiel-Steel  tor  Bridges."  As  the  w«lgl; 
metal  per  linear  fool  in  simple  Inias  bridges  were  limited  to  lengths  of  ft 
in  the  former  paper  they  have  here  been  extended  to  1,000  ft.  by  mi 
actual  calculations  of  BlreaseB,  sections,  and  weights  of  metal  for  ■overal 
spans,  using  the  various  kinds  of  steel  assumed .  The  weights  for  bridf 
carbon  steel  are  based  on  the  standard  spedBcations  given  in  tbe  wr 
"De  Pontibua."     They  are  quite  accurate  up  to  the  limits  of  IflOO  ti 


'e  loads. 


o  glass  n  biidges  i>Ias  impast. 


simple  spans  and  1,^00  for  the  main  openings  of  cantilever  bridge*.  Figs,  1 
and  2  give  the  equivalent  uniform  live  load  per  linear  toot  at  single  track 
Bssumeil  In  computing  the  weights  of  trusses.  The  Impact  pmcent^ea  wm 
obtained  from  the  writer's  formula. 

/  -  '  — -■  where  7  is  the  percentage  of  Impact,  and  L  la  tb»  kMdcd 
length,  in  feet,  required  to  give  the  maximum  stress,  tigs.  S  and  4  gh*  ft 
comhinalian  of  the  equivalent  uniform  live  loads  and  the  impact  load*.  Th* 
loads  obtained  from  these  curves  added  to  the  dead  loads  glv«  tba  total  towk 
per  linear  foot  used  for  the  bridges. 


MeeUl  t 
)d8  per  Uu 
I  tot  slmpli 
Fromtbesi 

lined  latei 
'be  author 
aystems. 
*n  weigbti 
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Table  VII. — Wkiohts  of  Metal  is  Lateral  Ststbms  of  Cantilevbb  Bbidobs 


Metal  mainly  600-ft 

used  in  span  span 

Carbon  steel 800 


Weight  of  metal  per  lin.  ft.  of  span  Ibe.-— — 
1.200-    1,800-    2.40O-    3.000-    3,600- 

ft.  ft.  ft. 

span      span       span 


E 
E 
E 
E 
E 
E 


60.000  lbs 800 

60,000  lbs 800 

70,000  lbs 800 

80.000  lbs 800 

90,000  lbs 800 

100,000  lbs 800 


ft. 
span 

1,100 
1,050 
1,000 
1,000 
1,000 
1,000 
1,000 


ft. 
span 

1,400 
1,300 
1,200 
1,200 
1,200 
1.200 
1,200 


1.800 
1,600 
1,600 
1,600 
1.600 
1,600 


2,000 
2,000 
2.000 
2,000 


2.400 
2.400 


Table  VIII.  — Weights  of  Metal  ox  Piers  fok  Cantilever  Bridqes 


1,200-  1,800- 

Metal  mainly  600-ft.  ft.  ft. 

used  in  span  span  span  span 

Carbon  steel 700  1,100  2.100 

E=    SO.OOOlbs 600  900  1.700 

E=    60.000  lbs 580  860  1,600 

E  =    70.000  lbs 560  820  .  1 .500 

E=    80.000  lbs 540  780  1.400 

E=    90.0001bs 520  740  1,300 

E=100.0001bs 500  700  1,200 


Weight  of  metal  per  lin.  ft.  of  span.  lbs. 

2,400-  3,000-  3600- 

ft.     ft.     ft. 
span   span   span 


2.200 
2.100 
2.000 
1,900 
1.800 


3.500 
3.200 
2.900 
2,600 


8.900 
3.600 


The  weight  in  pounds  per  linear  foot  of  the  trusses  of  simple  carbon  steel 
spans  may  be  expressed  by  the  formula, 

T  =  K  -\-  Ti  +  Cc  -{-  Cw, 

where  K  is  the  part  of  the  total  truss  weight  per  linear  foot  which  is  inde- 
pendent of  the  quality  of  the  metal  and  of  the  stresses;  Ti  is  the  weight  of  the 
main  portions  of  the  tension  members  and  of  their  details  whidi  are  directly 
aflTected  by  the  stresses;  Ce  is  the  weight  of  the  main  portions  of  the  compres- 
sion chords  and  inclined  end  posts  and  their  details  which  are  directly  afliected 
by  the  stresses;  and  Cw  is  that  of  the  main  portions  of  the  compression  web 
members  which  are  directly  affected  by  the  stresses.  From  experience  in 
designing  large  bridges  it  may  be  stated  that,  as  an  average,  K  >-  0^7*; 
Ti  -  0.3T;  Cc  =  0.3 r;  and  Cw  =  0.2T. 

It  is  well  known  that  in  trusses  with  parallel  chords  and  of  economic  depths 
the  weight  of  the  chords  in  equal  to  the  weight  of  the  web;  but  in  trusses  with 
polygonal  chords,  having  center  depths  less  than  the  theoretically  eooncunie 
ones,  as  do  those  of  all  long-span  bridges,  the  weight  of  the  diords  is  mudi 
greater  than  that  of  the  web.  As  a  general  average  for  long  spans  the  ratio  of 
weight  of  chords  to  that  of  webs  is  about  6  to  4. 

Fig.  5  gives  the  total  weight  of  metal  per  linear  foot  of  span  in  simple-tniss 
bridges  for  "  Class  R"  live  load,  for  carbon  steel  and  for  alloy  steels  having 
various  elastic  limits.  An  iiisi)ection  of  these  curves  shows  the  great  saviog 
in  weight  of  metal  which  may  be  obtained  by  using  alloy  steels  instead  of 
carbon  steel.  This  difference  Ls  most  apparent  between  the  weights  for  alloy 
.steel  having  an  elastic  limit  of  .'>(),000  lbs.  (the  nickel  steel  which  the  manu- 
facturers are  willing  to  furnish)  and  that  having  an  elastic  limit  of  60,000  lbs. 
The  gradual  riHluction  in  the  saving  of  metal  with  the  increase  of  elastic  Umlt 
is  strikingly  noticeable:  and  the  conclusion  may  be  drawn  that,  unless  the 
(extremely  high-alloy  steels  can  be  obtained  with  only  a  moderate  Increase  hi 
cost,  there  will  l)e  no  economy  in  using  them  for  simple-span  bridges. 

Fig.  6  gives  the  average  total  weights  of  metal  per  linear  foot  of  span  for 
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cantilever  structures  having  main  openings  of  various  lengths.  The  live  loads 
used  are  "Class  R"  and  "Class  S"  for  the  floor  systems  and  "Class  U"  for 
the  trusses.  The  proportional  dimensions  of  typical,  through,  cantilever 
bridges  are  as  follows:  a  main  span,  I,  having  a  suspended  span  of  ^2,  two 
cantilever  arms  each  of  ^{^1,  and  two  anchor  arms  of  the  same  length  as  the 
cantilever  arms.  Any  reasonable  variation  from  these  proportions  would 
not  change  materially  the  average  weight  of  metal  per  linear  foot  of  span 
given  by  the  curve§  of  Fig.  6.  The  superiority  of  alloy  steels  over  carbon 
steel  is  just  as  clearly  shown  as  it  was  in  the  curves  for  the  simple  spans,  but 
the  advantage  of  using  very  high  steels  is  greater. 

If  it  is  assumed  that  a  limit  of  36,000  lbs.  of  metal  per  linear  foot  of  span  is  as 
high  as  it  is  either  economical  or  practicable  to  go  in  the  construction  of  double- 
track  cantilever  bridges  (and  the  curves  show  this  to  be  a  logical  limit),  the 
following  limiting  lengths  of  main  openings  will  be  approximately  as  follows: 

Maximum 
length,  in 
Kind  of  steel  ft. 

Carbon  steel 2 ,030  ■ 

Steel  with  50,000  lbs.  elastic  limit '. 2,340 

Steel  with  60,000  lbs.  elastic  limit 2, 590 

Steel  with  70,000  lbs.  elastic  limit 2,780 

Steel  with  80,000  lbs.  elastic  limit 2,910 

Steel  with  90,000  lbs.  elastic  limit 3,030 

Steel  with  100,000  lbs.  elastic  limit 3 ,  140 

The  assumption  of  36,000  lbs.  of  metal  per  linear  foot  of  span  as  a  maxi- 
mum means  that,  for  carbon  steel,  there  would  be  required  at  this  limit 
4.35  lbs.  of  metal  to  support  each  pound  of  live  load  (exclusive  of  impact 
allowance) ;  and  that  for  the  alloy  steels  of  various  elastic  limits  the  corre- 
sponding values  are  4.37,  4.39,  4.40,  4.41,  and  4.42,  respectively,  the  average 
of  which  is  4.4  lbs.  From  the  appearance  of  the  curves  at  their  upper  ends  one 
may  draw  the  conclusion  that,  in  the  case  of  very  high-alloy  steels,  the  limit 
of  weight  of  metal  per  linear  foot  of  span  can  legitimately  be  raised  beyond  the 
36,000-lb.  limit.  The  more  nearly  these  curves  approach  the  vertical  the 
more  uneconomical  it  would  be  to  extend  the  limit  beyond  36,000  lbs.  per 
linear  foot.  It  is  plainly  evident  that  there  is  no  advantage  in  carrying  the 
carbon-steel  bridges  beyond  the  limit  of  2,000  ft.  for  the  main  opening,  but  it 
is  otherwise  for  the  100,000-lb.  elastic  limit  steel.  Continuing  the  curve  for 
the  latter  it  is  found  that  the  weight  would  reach  46,000  lbs.  per  linear  foot  for 
a  span  of  3,400  ft.;  and  that  the  inclination  from  the  vertical  at  that  point  is 
greater  than  that  for  the  carbon-steel  curve  at  its  limit  of  36,000  lbs.  with  ■ 
main  opening  of  2,030  ft.  Perhai>8  therefore  it  would  be  more  correct  to 
assume  the  extreme  economic  Umit  of  main  opening  to  be  3,400  ft.  or  even 
3,500  ft.  For  this  last  length  the  average  weight  of  metal  per  linear  foot  of 
bridge  shown  by  the  100,000-lb.  elastic  limit  curve  would  be  52,000  lbs,"  which 
means  that  it  would  require  6.38  lbs.  of  metal  to  support  each  pound  of  Un 
load,  exclusive  of  the  effect  of  impact.  Although  this  is  an  excessive  quan- 
tity, it  is  nevertheless  conceivable  that  conditions  might  exist  whidi  would 
render  it  advisable  to  adopt  this  extreme  limit  of  main  opening,  althoiigli  at 
such  a  length  a  suspension  bridge  would  undoubtedly  be  cheaper.  If  it  Is 
admitted  (as  is  maintained  by  some  bridge  engineers)  that  the  impact  of  tlie 
live  load  on  the  main  members  of  long-span  trusses  is  immaterial,  the  practlal 
limit  of  length  of  the  main  opening  will  be  somewhat  increased.    MoveoFsr, 
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linear  foot,  we  find  the  probable  erection  cost  to  be  83  cts.  per  100  Hm.,  or 
$16.60  per  ton. 

A  railway  pin  span  of  144  ft.,  height  of  falsework  36  ft.*  average  temi>era- 
ture  50^,  2  coats  of  paint,  and  weighing  1,400  lbs.  per  linear  foot,  would  have 
an  erection  cost  of  62  cts.  per  100  lbs.,  or  $12.40  per.  ton. 

These  two  examples  show  what  an  influence  a  change  in  any  one  of  the 
factors  will  have  on  the  imit  erection  cost.  The  formula  was  deduced  to  fit 
certain  conditions,  which  to  a  large  extent  were  due  to  the  personal  equations 
of  the  designer  and  the  erector;  and,  with  plans  prepared  by  some  designers, 
the  cost  of  erection  would  exceed  very  greatly  the  values  found  from  the  for- 
mula, it  being  only  too  common  on  the  part  of  many  designers  to  forget  that 
structures  must  be  erected  at  a  reasonable  cost,  and  still  others  seem  to  foiiget 
the  process  of  erection  entirely.  Many  erection  costs,  of  course,  wHl  exceed 
greatly  what  they  should,  due  to  unforeseen  causes. 

Cost  of  Concrete  Abutments  and  Pedestals  on  Track  Elevation  Work. — 
Charles  G.  Huestis  gives  the  following  data  in  Engineering  and  Contracting, 
Feb.  21,  1912. 

At  the  point  where  the  following  described  work  took  place  two  streets 
intersect  at  the  exact  place  crossed  by  four  tracks  of  the  railroad  proposed  to 
be  elevated.  On  one  of  these  streets  are  two  tracks  of  a  very  busy  street 
car  line  and  steam  tracli^s  on  both  streets.  On  account  of  heavy  traffic  the 
railroad  company  was  obliged  to  use  at  least  two  of  its  tracks  during  construc- 
tion and  at  least  one  of  the  trolley  tracks  had  to  be  kept  in  service.  Team 
traffic  also  had  to  be  maintained  on  at  least  one  side  of  the  street.  Overhead 
along  the  railroad  line  were  twenty  or  more  telegraph  and  telephone  wires  and 
along  the  streets  were  electric  light  wires  and  trolley  wires. 

The  masonry  consisted  of  a  heavy  concrete  abutment  on  each  side  of  the 
street  and  23  pedestals  in  the  street.  It  was  impossible  to  find  place  in  the 
street  for  machinery  so  that  all  the  working  room  allowed  was  the  space  of  two 
tracks  and  outside  the  outer  track  about  20  ft.  in  width  and  back  u  far  as 
required. 

The  railroad  company  abandoned  two  of  its  tracks,  and  the  stub  end  on  each 
side  of  the  street  was  allowed  the  contractor  for  construction  sidings.  A  stiff- 
leg  derrick  with  a  40-ft.  boom  was  set  up,  with  one  leg  parallel  to  the  face  of 
the  abutment  and  in  such  a  position  that  the  boom  would  reach  pedestals  in 
the  center  of  the  street.  One  track  of  the  street  railway  company  with  its 
trolley  wire  was  taken  out  of  service  and  by  working  a  low  boom  the  deirick 
was  able  to  avoid  other  wires  almost  entirely.  The  stiff-leg  parallel  to  the 
abutment  necessarily  crossed  the  siding  track  but  was  high  enough  to  allow 
cars  to  move  under  it  so  that  excavated  material  from  the  pedestal  pita  might 
be  loaded  by  derrick  and  taken  away  by  the  railroad  company. 

A  >2-cu.  yd.  Smith  mixer  was  set  up  near  the  end  of  the  siding  and  far 
enough  ahead  of  the  derrick  to  allow  the  boom  to  reach  the  mixer  when  very 
high.  When  the  siding  was  not  in  use  for  cars  to  remove  excavated  material 
the  cars  containing  materials  for  concrete  were  placed  alongside  and  back  of 
the  mixer  and  derrick.  Plank  staging  was  built  alongside  the  cars  and  to  the 
mixer,  so  that  wheelbarrows  might  be  loaded  over  the  sides  of  cars  and  wheeled 
to  the  mixer.  The  excavated  material  as  well  as  the  concrete  were  handled  in 
1-cu.  yd.  dump  buckets  by  the  derrick.  Wtien  several  pedestals  had  been 
built  the  excavated  material  from  others  was  used  as  backfilling  for  the  onci 
completed. 

The  derrick  was  first  erected  near  the  face  of  the  abutment  and  when  the 
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(On  a  basis  of  1,698  cu.  yds.  of  concrete  the  cost  of  forms  per  cubic  yard  was 
25.9  cts.  or  say  26  cts.  As  a  matter  of  fact  not  all  of  the  concrete  work 
required  built  forming,  so  that  this  unit  cost  is  indicative  only  — ^Editon.) 

Rigging. — The  total  payroll  for  setting  up  and  taking  down,  together  with 
moving  each  plant  once  as  described  above,  also  the  building  and  moving  of 
stagings  alongside  of  cars,  for  two  derricks  and  two  mixers,  was  as  follows: 

40  hrs.  foreman  at  38>^  cts $  15.40 

31      hre.  foreman  at  40  cts 12. 40 

119      hre.  rigger  at  32H  cts 38. 68 

57      hre.  hoist  engineer  at  30  cts 17. 10 

45K  hre.  carpenter  at  27H  eta 12. 48 

157M  hre.  carpenter  at  25  cts 30. 38 

41  hre.  carpenter  at  22H  cts 9. 23 

3      hre.  carpenter  at  23  cts .69 

479H  hre.  labor  at  20  cts 96. 90 

.    149H  hre.  labor  at  17H  cts 26. 16 

30M  hre.  labor  at  15  cts 4. 57 

Total $271.94 

The  payroll  for  setting  up  one  derrick  only,  unloading  and  setting  one  mixer, 
together  with  building  platform  and  stagings  once  only,  was  as  foDowi: 

8  hre.  foreman  at  40  cts $  3.20 

10  hre.  foreman  at  38H  cts 3. 85 

30  hre.  rigjser  at  32H  cts 9.75 

20  hre.  hoist  engineer  at  30  cts 6. 00 

100  hre.  carpenter  at  25  cts 25. 00 

3  hre.  carpenter  at  23  cts .69 

30  hre.  carpenter  at  22H  cts 6. 75 

29  hre.  labor  at  20  cts 5. 80 

35  hre.  labor  at  17H  cts 6. 12 

Total $67. 16 

The  other  items  of  payroll  not  mentioned  in  the  above  were  as  tclQan: 

Building  and  repairing  tool  house $  28. 71 

Loading  and  unloading  tools  and  lumber 133.87 

Night  watch,  Sunday  watch  and  other  general  expense. .  158.97 

Rcpaire  to  machinery 12. 60 

Total $334.21 

Total  payroll  for  the  work  $4,043.36. 

The  ledger  accounts  for  this  work  show  other  expenses  as  follows: 

Premium  on  bond $      20. 00 

Liability  insurance 98. 72 

General  and  sundry  expenses 48. 65 

Office  and  timekeeper 275. 00 

Materials  for  rcpaire 11. 20 

Small  tools 34.49 

Lumber  for  foundations 274 .  04 

Form  lumber 267. 70 

Wire  and  nails  for  forms 40. 20 

Paraffine  oil  for  forms 8. 70 

Oil  waste,  etc 37. 70 

47 .  04  tons  of  coal 141 .  13 

Water,  lump  sum 75. 00 

Paid  railroad  company  for  unloading  care  of  excavated 

material 76. 80 

Total  ledger  accounts $1 ,404.43 

The  coal  consuinption  amounted  to  about  H  ton  per  day  per  boiler.  Only 
20  h.p.  upright  boilers  were  used. 
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ban  1  in.  in  the  largest  dimensions.  All  stone  was  screened,  no  crusher  run 
3eing  used,  and  was  a  good  grade  of  limestone  rock.  The  sand  used  was 
taken  from  the  Des  Moines  River,  about  five  miles  above  the  site  of  the 
bridge.  Hawkeye  brand  cement  was  used,  and  water  was  secured  from  a 
creek  in  the  ravine.  A  7-h.p.  gasoline  pump  was  used  to  force  the  water  up 
the  hill  into  storage  barrels  at  the  mixer. 

The  mixing  was  done  with  a  Ransom  mixer,  driven  by  a  6-h.p.  Stover 
engine,  the  engine  and  mixer  both  being  mounted  on  the  same  frame.  Owfng 
to  the  steep  slope  of  the  hill,  it  was  impracticable  to  move  tlie  mixer  down 
the  slope,  or  to  wheel  the  concrete  to  place.  The  most  efficient  way  was  to 
spout  it  and  this  was  the  method  used  One-half  of  the  piors  were  poured 
from  the  north  end  of  the  bridge  and  the  other  half  from  the  south.  The  mixer 
was  mounted  on  blocks  and  a  platform  built  up  around  it  so  that  the  hopper 
was  above  the  platform,  just  about  the  height  of  a  wheelbarrow  The  .chute 
used  to  convey  the  concrete  was  made  of  No.  23  sheet  steel,  circular  in  form, 

10  ins  in  diameter,  and  in  lengths  of  10  and  12  ft.  The  pipe  was  attached  to 
a  small  wooden  chute  at  the  end  of  the  hopper*  ami  from  here  run  to  any 
desired  point.  It  was  supported  at  joints  by  wooden  croes-frames,  <»r  by 
brackets  tacked  to  the  batter  posts  on  the  existing  bridge.  At  the  end  of 
the  pipe,  a  curved  connection  was  used  to  turn  the  concrete  down  into  the 
forms. 

This  type  of  spouting  proved  very  satisfactory  where  the  distance  wee  not 
greater  than  260  ft.,  nor  the  grade  less  than  24^  with  the  horizontal  (about  1  ft. 
vertical  to  2.3  ft.  horizontal).  When  on  a  less  grade  than  this,  the  concrete 
clogged  in  the  pipe  and  caused  considerable  trouble.  A  better  tjrpe  of  chute 
would  be  one  open  at  the  top  so  as  to  give  access  to  the  concrete.    Fi^. 

1 1  shows  the  location  of  the  concrete  mixer  and  how  the  piping  was  carried  to 
the  piers. 

The  concrete  gang  was  composed  of  12  men  and  a  foreman;  2  were  UKd  in 
spading  the  concrete  as  it  was  placed,  1  on  water  and  dumping  cement,  1 
taking  care  of  the  mixer,  6  on  sand  and  rock,  and  2  carpenters.  As  far  as 
possible,  the  concreting  on  a  footing  or  pedestal  was  continuous,  and  only  in 
one  or  two  cases  were  joints  made  in  either.  From  four  to  six  footings  were 
run  af  a  time.  As  soon  as  the  first  two  of  these  footings  had  set,  the  forms  for 
the  pedestal  were  placed  and  securely  braced.  After  being  braced,  the 
template  for  the  anchor  bolts  was  centered  and  tacked  to  the  top  of  the  pier 
form.  The  anchor  bolts  were  then  placed  in  the  template,  plumbed  and  wired 
to  the  form. 

The  total  amount  of  concrete  in  the  foundation  was  932  cu.  yds.  The  time 
required  to  place  this  amount  was  40  days.  The  unitx^sts  of  concrete  and  of 
excavation  were  as  follows : 


Excavation 

Per 

ou.  yd. 

In  cut,  steam  shovels SO.  22 

In  cut,  teams 0 .  36 

For  foundationfl 0. 48 


RAILWAY  BRIDGES  1133 

Concrete 

Per  Per  cent 

cu.  yd. 

Cement $1.16  21 . 8 

Rock 0.93  17.1 

Sand   0.80  14.7 

Water   0.014  0.3 

Lumber 0.40  7.3 

Pipe  for  spouting 0 .  26  4.6 

Train  service 0.19  3.6 

Labor* 1.66  30.3 

Incidentals 0.06  0.9 

Total $5.44  100.0 

The  average  daily  output  was  23.3  cu.  yds.;  with  the  gang  as  given  above,  the 
es  of  pay  would  be  about  as  follows: 

1  Foreman $  6. 00 

2  Carpenters  @  $4.00 8.00 

1  Engineman 3 .  00 

9  Laborers  @  $2.50 22. 50 

$38.60 

The  excavation  was  done  by  the  railroad  company ;  the  foundation  work  by 
itract. 

3o8t  of  Cofferdam  for  a  Small  Bridge  Pier  in  the  Potomac  Riyer. — ^The 
owing  data  are  taken  from  a  more  detailed  description  of  the  work  by 
iott  Vandevater  in  Engineering  and  Contracting,  May  24,  1916. 
'he  work  was  begun  in  October,  1910,  and  was  finished  about  the  last  of 
cember  of  the  same  year.  It  consisted  of  building  a  new  pier  in  the  center 
;he  Potomac  River  about  ten  miles  above  Cimiberland,  and  of  reinforcing 
old  stone  abutments,  so  that  the  old  truss  bridge  could  be  replaced  with 
te  girders  of  one-half  the  span.  The  river  at  this  point  is  about  80  ft.  wide 
;imes  of  ordinary  flow  but  it  rises  very  rapidly  and  at  flood  times  covers 
re  tlian  twice  this  width.  At  the  point  selected  for  the  pier  the  river  is 
•ut  8  ft.  deep  normally  and  the  current  is  very  swift  as  the  rocks  on  the  east 
ik  ttirow  the  current  to  the  center  of  the  stream.  The  foundation  was 
X  14  ft.  and  a  step  of  about  18  in.  was  made  on  all  sides  before  the  neat 
k  was  started.  The  batter  on  three  sides  of  the  pier  was  the  same  and  was 
ut  IH  in.  to  1  ft.  Of  course  that  on  the  nose  or  cut-water  was  much 
Iter.  A  heavy  coping  about  W  ft.  deep,  and  with  6-in.  overhang  all 
ind,  capped  the  pier.  The  pier  was  20  ft.  high  from  top  of  foundation  to 
of  coping. 

aborers  were  paid  $1.75  for  ten  hours,  foremen  $100  per  month,  carpenters 
its.  per  hour  and  firemen  26  cts.  per  hour. 

Coste* 
Breakwater — 

Building,  placing  and  sinldng — Labor $  43. 19 

Material 22.00 

Total $  66.19 

CofiFerdam — 

Labor $516.76 

Labor,  digging  and  hauling  55  yd.  clay  for  puddle 20.01 

Lumber,  8.34  M.  B.  M.  at  $20 166.80 

(Only  labor  charge  for  lumber  cut  in  woods.) 

Total $703.67 

Do  not  include  cost  of  pumping,  for  which  an  8-in.  and  a  4-in.   centrifugal 
p  were  used. 
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than  1  in.  in  the  largest  dimensions.  All  stone  was  screened,  no  crusher  run 
being  used,  and  was  a  good  grade  of  limestone  rock.  The  sand  used  was 
taken  from  the  Des  Moines  River,  about  five  miles  above  the  site  of  the 
bridge.  Hawkeye  brand  cement  was  used,  and  water  was  secured  from  a 
creek  in  the  ravine.  A  7-h.p.  gasoline  pump  was  used  to  force  the  water  up 
the  hill  into  storage  barrels  at  the  mixer. 

The  mixing  was  done  with  a  Ransom  mixer,  driven  by  a  64i.p.  Stover 
engine,  the  engine  and  mixer  both  being  mounted  on  the  same  frame.  Owing 
to  the  steep  slope  of  the  hill,  it  was  impracticable  to  move  the  mixer  down 
the  slope,  or  to  wheel  the  concrete  to  place.  The  most  efficient  way  was  to 
spout  it  and  this  was  the  method  used  One-half  of  the  piers  were  poured 
from  the  north  end  of  the  bridge  and  the  other  half  from  the  south.  The  mixer 
was  mounted  on  blocks  and  a  platform  built  up  around  it  so  that  the  hopper 
was  above  the  platform,  just  about  the  height  of  a  wheelbarrow  The  .chute 
used  to  convey  the  concrete  was  made  of  No.  23  sheet  steel,  circular  in  fonn. 

10  ins  in  diameter,  and  in  lengths  of  10  and  12  ft.  The  pipe  was  attached  to 
a  small  wooden  chute  at  the  end  of  the  hopper»  and  from  here  run  to  any 
desired  point.  It  was  supported  at  Joints  by  wooden  cross-frames,  or  by 
brackets  tacked  to  the  batter  posts  on  the  existing  bridge.  At  the  end  of 
the  pipe,  a  curved  connection  was  used  to  turn  the  concrete  down  into  the 
forms. 

This  type  of  spouting  proved  very  satisfactory  where  the  distance  was  not 
greater  than  250  ft.,  nor  the  grade  less  than  24**  with  the  horizontal  (about  1  ft. 
vertical  to  2.3  ft.  horizontal) .  When  on  a  less  grade  than  this,  the  concrete 
clogged  in  the  pipe  and  caused  considerable  trouble.  A  better  type  of  chute 
would  be  one  open  at  the  top  so  as  to  give  access  to  the  concrete.    Ff^. 

1 1  shows  the  location  of  the  concrete  mixer  and  how  the  piping  was  carried  to 
the  piers. 

The  concrete  gang  was  composed  of  12  men  and  a  foreman;  2  were  used  in 
spading  the  concrete  as  it  was  placed,  1  on  water  and  dumping  cement,  1 
taking  care  of  the  mixer,  6  on  sand  and  rock,  and  2  carpenters.  As  far  as 
possible,  the  concreting  on  a  footing  or  pedestal  was  continuous*  and  only  in 
one  or  two  cases  were  joints  made  in  either.  From  four  to  six  footings  were 
run  af  a  time.  As  soon  as  the  first  two  of  these  footings  had  set,  the  forms  for 
the  pedestal  were  placed  and  securely  braced.  After  being  braced,  the 
template  for  the  anchor  bolts  was  centered  and  tacked  to  the  top  of  the  pier 
form.  The  anchor  bolts  were  then  placed  in  the  template,  plumbed  and  wired 
to  the  form. 

The  total  amount  of  concrete  in  the  foundation  was  032  cu.  yds.  The  time 
required  to  place  this  amount  was  40  days.  The  unitjcosts  of  concrete  and  of 
excavation  were  as  follows : 

Excavation 

Per 

eu.  yd. 

In  cut,  steam  shovels SO. 22 

In  cut,  teams 0.86 

For  foundations 0. 48 


Rook 

Siuid 
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Lumber  .  - 

Lab^""'":.    ".'.'.' .'.'.'.'.'.'.'. 
laeidentals 

Total 

'he  avenge  daily  output  vu  23.3c 
I  of  pay  would  be  about  as  f  oUowb: 

2  Carpeaten'@'»4.bo'.'. '.'.'.'.'.'.'. 
9  Laborera  @  M.W. '.'.'..'.'.'.'.'.'. 


'he  eicavatlon  waa  done  by  the  ra: 

tract. 

:aal  of  Cofferdam  for  a  Small  Bri 

QWlDg  data  ure  taken  from  a  mo 
olt  Vnndevater  In  Engineering  ani 
he  work  naa  begun  In  October,  1 
«mber  of  theaame  year.  It  cansl 
he  Potomac  River  about  ten  mll« 

X  glrdera  of  one-half  the  span.  T1 
Imes  of  ordinary  flow  but  It  rises 
'e  than  twice  this  width.  At  the 
ut  8  ft.  deep  normally  and  the  curr 


ut  Ui  tn.  to  I  ft.  Of  course 
Lt«T.  A  heavy  coping  about 
ind.  capped  the  piet.     The  pi< 

aborera  were  paid  »l,7,i  for  ten 
•,1a.  per  hour  aod  nremen  25  cl 


Labor!  digging  sHd  hBuliu^  55 
Lumber,  R.34  M.  B.  M.  at  IZO 
(Only  labor  charKC  for  lumber 

Total 

not  include  coet  of  pumping,  fo 


1134  HANDBOOK  OF  CONSTRUCTION  COST 

Trestle  for  Unloading  Materials — 

Labor $  45.83 

Lumber,  .5  M.  B.  M 10. 00 

Total S  55.83 

Concrete  Trestle — 

Labor $  75. 62 

Material,  2  M.  B.  M.  at  $20 40.00 

Total $115.62 

Excavating  Cofferdam — 

Labor $196.97 

Coal,  oil,  etc 15.00 

Total $211.97 

Two  Mixing  Boards,  10  X  14  Ft.— 

Labor $     7.71 

Material 12.00 

Total $  19.71 

Unloading  stone  cost  12  cts.  per  ton. 
Unloading  sand  cost  3  cts.  per  ton. 

Unloading  15,000  bd.  ft.  lumber  cost  65  cts.  per  1,000  ft.  B.   M. 
Unloading  cement  (carried  about  50  ft.)  cost  2.5  cts.  per  bbL 
Mixing,  hauling  and  placing  concrete  cost  $1.05  per  cu.  yd. 
Forms,  including  material,  building,  erecting  and  stripping,    cost  $1.74 
per  cu.  yd. 

The  breakwater  consisted  of  a  V-shaped  crib  which  was  sunk  about  10  ft. 
above  the  nose  of  the  location  of  the  foundation  and  was  so  placed  to  make  it 
possible  to  examine  the  bottom  of  the  river  at  the  pier  site. 

The  cofferdam  consisted  of  a  crib  3  ft.  wide  and  with  dimensioiiB  about  2  ft. 
larger  than  those  of  the  foundations.  The  crib  was  built  out  of  6  X  (Mn. 
timber  with  cross  pieces  of  the  same  size  about  4  ft.  apart.  On  top  of  the 
bottom  course  of  6  X  6-in.  timbers  a  2-ln.  flooring  was  laid  to  hold  the  atone 
used  in  sinking  the  crib.  Sheet  piles  of  2-in.  lumber  were  driven  on  the  outirfde 
and  inside  of  the  crib  and  the  bottoms  were  oit  to  conform  as  dosely  as 
possible  to  the  rock  underlying  the  river  bed.  It  was  found  necessary  to 
drive  an  additional  row  of  sheet  piles  4  ft.  outside  of  the  crib  and  fill  the 
space  between  the  crib  and  this  outer  row  of  piles  with  clay. 

The  railroad  approached  the  bridge  from  the  east  on  a  15-ft.  fill  about  100  ft 
long.  A  switch  for  unloading  materials  had  been  put  in  at  the  end  of  the  flU. 
A  one-legged  trestle  was  built  on  the  side  of  the  fill  and  the  track  fromtbs 
siding  extended  out  on  it,  so  that  cars  could  be  run  out  there  and  dumped  by 
gravity.  The  bents  were  7  ft.  apart,  the  caps  10  X  10  in.  and  the  stringen 
were  two  pieces  of  6  X  6  in.  laid  symmetrically  with  respect  to  the  ralL 
The  legs  and  battered  braces  were  cut  in  the  adjoining  woods  and  were  at  least 
8  in.  in  diameter  and  not  over  7  ft.  long.  The  cement  was  unloaded  on  ■ 
level  with  the  switch  and  stored  in  a  tent.  From  here  it  was  dropped  through 
a  chute  directly  onto  the  mixing  board.  Two  mixing  boards  were  placed 
together.  Five  men  were  kept  mixing,  four  turning  and  one  attending  to 
cement  and  water.  After  mixing  a  batch  on  one  board  they  changed  to  the 
other  while  four  men  loaded  the  mixed  batch  into  a  car  and  hauled  It  out  to  the 
foimdation  and  dumped  it.  One  man  was  kept  busy  loading  wheelbarrom 
with  stone  and  .sand .  As  the  <liNtance  was  very  short  tlie  mixing  gang  wheeled 
the  material  onto  the  board,  dumped  it  and  returned  the  wiieelbarrows  to 
place.  This  was  found  to  work  very  satisfactorily,  as  the  mixing  gang  mixed 
the  concrete  a  little  fiiHtcr  than  it  could  be  hauled  away.     When  ibey  Ind 


h  boards  fall  thi 
Jlng  gang  bad  c 
[''he  concrete  wa 
It  track  suppon 
iting  bridge. 
{rectiOD  Coats 
vs.  Feb.  20.  19 
islBtlng  of  three 


Ka  overbead  tn 
d  Bud  raised  fr 
1  rapid  task  w 


.veler.  The  trav 
meaDB  of  a  Jnck. 
irlj  twice  tbe  tli 
VG  a  traveler  fr 
isting  engine )  ab 
[Tie  piere  ol  the 
lid  be  all  com  pie 
«k  stringers,  bef 
les  to  be  placed 

disturbed  bj  the 
'  the  trusses  alon 
The  height  of  thi 


is  not  unusual,  I 
^omotire,  flat-carj 
be  unloaded  at 


1136         HANDBOOK  OF  CONSTRUCTION  COST 

derrick  car  capable  of  propelling  itself  and  loaded  flat-cars  thus  becomes 
apparent. 

Cost  of  Unloading. — The  unloading  of  the  material  and  bridge  members  at 
the  site  or  some  adjacent  point,  while  variable,  will  generaUy  be  covered  by 
the  expense  of  a  derrick  and  bolster,  its  erection  and  a  possible  shift,  if  ttK 
ground  available  makes  this  necessary.  In  the  present  case  the  material  for 
the  three  spans  was  unloaded  in  about  three  weeks,  including  delays,  by  a 
gang  of  eight  men,  one  engineer  and  one  foreman,  about  $200  per  week  for 
labor  cost. 

Hoist. — Placing  the  holster,  compressor  and  their  boilers  is  coomparatively 
a  small  item  unless  considerable  falsework  be  necessary  for  support.  In  this 
case  three  bents  of  six  piles  each,  capped  and  braced,  with  plank  floor,  were 
placed,  and  the  power  set,  by  12  men  and  one  foreman  in  four  days,  costin; 
$200. 

Falsework. — The  erection  of  the  falsework,  consisting  of  pile  bents,  ci^iped 
and  braced,  floored  with  timbers  parallel  with  the  bridge  and  some  plank,  can 
go  forward  during  the  same  period.  The  equipment  of  scow,  pile  hammer  and 
bolster  engine  was  able  to  drive  15  bents  of  10  piles  each  (160  piles)  in  four 
days.  The  piles  were  delivered  into  the  water  above;  they  were  of  25  to 
27  ft.  lengths,  and  were  driven  to  a  {lenetration  of  .5  ft.  This  gang  consisted 
of  one  foreman,  one  engineer  and  four  men,  a  labor  cost  of  about  $23  per  day, 
according  to  rate  of  wages  paid.  The  cost  was,  therefore,  $92,  or  practically 
62cts.  Iter  pile  in  place.  The  piles  cost  10c.  per  lin.  ft.  delivered  above  the 
work,  or  $2.50  to  $2.70  apiece,  making  $482  the  total  cost  of  piles  in  place. 
(This  figuring  assumes  that  the  equipment  can  leave  the  work  in  good  condi- 
tion, so  as  to  be  available  at  full  value  for  other  work.)  Cutting  oB  the  piles, 
capping,  boring  and  bracing,  was  completed  in  eight  days  by  a  gang  oonsiBttng 
of  one  foreman  and  eight  carpenters,  at  a  cost  for  labor  of  $28.60  per  day,  or 
$188  total.  This  includes  placing  the  timbers  to  carry  the  truaaes,  drlfUng 
them  in  place,  and  laying  floor-plank  and  traveler  track. 

The  labor  cost  of  one  span  of  falsework  in  place  is  thus  $280.  •  The  cost  of 
piling  is  $390,  and  of  timber  as  follows: 

30  caps  12  X  12  in.  X  25  ft 9,000  ft.  B.  M. 

12  saddles  12  X  12  in.  X  8  ft 1 ,  152 

60  stringers  12  X  12  in.  X  25  ft 15,000 

120  braces  3  X  12  in.  X  30  ft 10,800 

80  blocks  8  X  8  in.  X  8  ft 3,411 

240  plank  2  X  12  in.  X  12  ft 5,760 

Cost* 

40  M  at  $30 $1200 

6  M  at    25 150 

$1860 

Total  Cost  of  Falsework: 

Lumber $1850 

Piles 390 

Labor .; 280 

$2020 

This  gives  $2020  cost  of  falsework  of  one  span  in  place  ready  for  settlof 
steel.  In  the  three-span  bridge  in  question,  the  riveting  of  8paa  No.  1  was 
completed  early  enough  to  release  the  falsework  for  use  under  Span  No.  8. 
except  for  piling. 

Traveler. — The  traveler,  as  shown  in  Fig.  12  consisted  of  two  bents  suitably 
braced,  supporting  foiur  timbers  12  X  16  in.  by  30  ft.,  two  over  esdli  tnus,  to 


the  derrick  car. 
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Erecting  New  Trusses. — The  floor-system  of  one  span,  including  bottom 
chords,  was  put  in  place,  blocked  up,  and  bolted,  by  a  gang  consisting  of  two 
foremen,  18  men  and  one  engineer  in  five  days,  assisted  by  a  derrick  car  with 
one  engineer,  one  foreman  and  eight  men,  who  brought  the  bridge  metmben 
from  the  storage  yard  in  proper  order. 

The  truss  members  and  hanger  posts  were  placed  in  two  days,  and  the 
shoes,  end  posts,  and  top  chords  in  two  days,  the  pins  being  driven  and  the 
connections  fitted  up.  The  portals  and  lateral  bracing,  top  and  bottom,  were 
placed  in  two  days,  fitted  up  ready  for  riveting. 

The  riveting  was  by  pneumatic  hammers  acting  under  a  pressure  of  90  to 
100  lb.  from  a  Franklin  air  compressor.  A  gang  consisted  of  four  men,  eight 
gangs  being  operated  during  the  major  portion  of  the  work,  with  one  foreman 
and  one  supply  man.  The  riveting  of  the  three  spans  was  completed  in  30 
days,  or  an  average  of  13  days  to  a  span.  A  total  of  60,000  rivets  were  driven 
in  the  three  spans,  with  an  average  of  less  than  3  per  cent  cut  out  and  redriven. 

Striking  and  Loading. — The  striking  of  the  falsework  followed  the  riveting 
of  its  span.  TKe  material  was  then  loaded  for  shipment.  The  equipment, 
including  traveler,  pile-driver,  and  scows  with  bolster,  was  then  loaded,  freeing 
the  hoisting  engine,  air  compressor  with  tank,  pipe  and  boiler. 

Appended  hereto  are  tabulated  the  labor  and  lumber  items,  showing  at  a 
glance  the  approximate  cost  per  span  and  per  ton.  In  a  bridge  of  three  or 
more  spans  the  progress  of  one  span's  erection  so  laps  that  of  the  succeeding 
one,  under  good  management,  that  the  inference  that  the  erection  cost  of  a 
single-span  bridge  is  33  per  cent  would  lead  to  some  error,  as  several  of  the 
general  charges  would  be  unchanged  for  one-third  the  number  of  spans. 

Ebbction  Cost  of  Three-span  Double-tback  Railway  Bbidoi 

First  cost  of  equipment: 

Air  compresaor $       800 

Tank  and  pipe 200 

3-drum  hoister 1 ,  900 

8  coils  rope 400 

Blocks,  etc 650 

Pile  driver,  scows  and  conductor 500 

Hammer,  falls,  etc 150 

2-drum  hoister 1 ,000 

Derrick  car  (est.) 4 ,000 

Traveler 600 

Total $10,100 

i  year  interest,  6  % $       202 

i  year  depreciation,  10  % 343  $545 

I  for  one  span $182 

Labor  cost  of  erecting  span  No.  3: 

Superintendent  30  days  at  $8 $       240 

Foreman  38  days  at  $4 152 

Men  832  days  at  $3 2,904 

Engineer  43  days  at  $3 150 

$3,446 

Unit  cost  (weight  of  span  587  tons). . .  $           5.50  per  ton 
Total  erection  cost  of  span  No.  3: 

Labor  erecting $  3 ,  446 

I  cost  of  erecting  hoist 70 

i  cost  of  erecting  traveler 60 

i  cost  unloading  material,  etc 200 

i  interest  and  depreciation 182 

Total  erection  cost  for  587  tons $  3,948 

6.72  per  ton 
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Fig.  13  gJTca  a  half  sectioa  showing  the  caisBon  and  the  old  pivot  piertMttoM 
altertttion,  and  a  half  aeclion  of  the  complete  pivot  pier. 

It  WHS  ariginnlly  intended  to  remove  the  rubble  stone  filling  from  the  oU 
crib  one  pocket  at  a  time,  but  this  was  fountl  to  be  hnpracticable  owlog  to  the 
eiistence  of  fissures  Id  the  slate-rock  foundntion,  which  made  unwatertnf 
Impoeuible.  The  stone  was,  however,  taken  out  to  a  level  2  ft.  below  tbe 
old  timber  grillage.  The  old  piles,  the  timber  griUaee  and  the  coocrete  top 
were  left  in  place,  eitept  the  upper  IS  Ins.  of  the  latter,  whldi  were  remored 
by  blasting.  Instead  of  unwatering  the  pier,  water  was  pumped  Into  It 
until  a  3-ft,  head  was  produced,  this  head  being  utilized  In  fordugB.  l:Sgroul 
Into  the  voids  of  the  rubble  stone.    After  the  voids  were  fiUed  the  water  wM 


Half  Section ShDwinq  Cainlonand  Half  SKtlenofCemplatednar^ 

Old  Pl«r  b»for«  /S«ratlon»  ,  tiit 

Fia.  13.— Htdf  section  of  old  pivot  pier  and  half  lection  of  oompletad  pivat  pla 
of  Richelieu  River  Bridae. 

pmnped  out,  and  the  concrele  work  was  completed  Id  tbe  diy,  grillage  benat 

being  embedded  in  the  eoptng  to  distribute  the  loads  from  the  bwIhk  spes. 

Seven  of  the  intermediate  piers  (Nos.  4,  fi,  a,  7,  U,  10  and  11}  hare  rn^in 

an<l  which  differ  oalj  in  shape.  These  piers  are  pointed,  both  on  tbe  Uprtreim 
and  downttTeam  ends.  Fig.  14  (a)  shows  a  half  cross  section  md  k  halt  md 
elevation  of  a  typical  iutermedlate  pier  and  caisson  In  whldii  the  double-wall 
type  of  caisson  was  used:  Fig.  14  (bj  shows  a  side  elevation  of  the  pkiraDd 
caisson:  and  Fig.  14  (c)  shows  a  plan  of  the  caisson.  Above  elevMloM  TO 
(the  top  of  the  pennaoent  caliuon)  tbe  construction  tor  »ll  of  thaw  pian  li 
alike. 
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The  five  alFigle-wiiLl  cniMons  (Noe.  1,  2,  3.  12  hsiI  13)  are  BlmllBrln  Bhspeto 
that  ahown  tti  Fig.  14,  tlie  piers  for  which  these  calBsons  are  used  being  located 
in  comparatively  shQllow  water.  Fig.  15  shows  detaile  of  these  piers  and  cab- 
aoai.  The  caiaaon  ahoea  were  eohBtnicted  on  land  and  were  launched  from  a 
skid  way. 

In  general  the  piers  rest  on  slate  rock,  hardpan  or  compact  grtnel,  eicefit 
piers  Xos.  12  and  13  and  the  east  abutment,  wlilch  required  pIlB  foundatina. 
The  compact  material  under  pier  Xo.  11  was  overlaid  with  about  7  ft.  of  lo« 
material,  wlilch  was  removed  by  an  orange-peet  buclcet.  Before  the  pDH 
were  driven  for  plera  Nos.  13  and  13  about  $  ft.  of  the  top  soil  wu  removed. 
Before  placing  oncrrte.  a  diver  leveled  off  the  foundation  for  each  [der  (ud 
also  for  the  protection  worka.  In  addition  to  tbia  work  the  diver,  who  mi 
employed  continuouslj'  on  the  job,  assisted  in  landing  the  caisflons.  In  blastiiif 
boulders  from  the  cutting  edge,  and  in  blasting  aw^  the  old  crib  protecttm 


After  the  caiMKons  reached  bottom  tbey  were  underpinned  with  biiilq>  bip 
of  concrete  and  were  then  fillei!  with  concrete,  which  waa  deposited  by  bottom- 
dump  buckets.  The  water  wa.^  then  pumped  from  the  calaaon  and  Um 
concreting  continued  la  the  <[ry. 

Tile  relit  iilera  and  tile  pivot  pliTB  were  started  after  navigation  had  doaad, 
and  the  work  wax  miflk'iently  advani^d  to  permit  the  awing  span  to  be  erected 
In  time  for  the  opening  ot  navigation.  Borne  severe  weather  was  encoun- 
tered, and  the  tcmiieratiire  was  as  low  an  ZS°  bflow  zero  when  the  upper  put 
of  the  pivot  iiler  v/tn  concreted. 

All  of  the  protection  piles  and  ciiha  erf  the  old  bridge  required  replacing,  tiB 
new  work  consisting  <rf  six  cribs,  bnllt  of  10  X  10-in.  timber*  and  lOMled 
with  rubble  storu-.  The  tliri-e  crib<^  near  each  rext  iiier  ore  connected  and  m 
Joined  to  the  rest  pier  by  floating  booms.  These  booms  comdit  of  12  X  IS-ln. 
vertical  timbers  bolted  to  the  cribs  and  rest  plera.  The  old  canter  piDtvctlcs 
work  helow  low  water  wa.a  left  In  place,  and,  after  being  atrongtliened  by  lbs 
addition  of  live  now  cribs,  a  new  top,  consisting  of  a  double  row  i£  wiUngs, 
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Table  IX. — (Continued) 
J.  S.  Metcalfe  Co.: 

Percentage $  9.263.09 

Less  superstructure  acc't 74.29  9, 188.80 

Expenditure-^Supt.,  $2,635.12;  mat.,  $1,100.66  .   $  3,735.78 

Less  superstructure  acc't — Sup't 60.00  3,685.78 

Labor $66,063.95 

Less  superstructure  acc't 1 ,  143.07  64.920.88 

B.  &  B.  Dept.:  $  8,159.32 

Less  superstructure  acc't 6,312.12  *  1,847.20 

Motive  Power  Dept.  for  B.  &  B.: 

Driving  piles 329. 61 

Total  substructure $155,955.40 

*  Material.  $1,200.00;  labor,  $647.20. 

Total  Material: 

Stores  Department $  66.367.48 

J.  8.  Metcalfe  Co 1.100.66 

B.  &  B.  Department 1 .200.00 

Total $  68,668.09 

Total  Labor: 

Labor $  64,920.88 

Superintendence 2,585. 12 

Sounding 81.00 

B.  &  B.  Dept 647.20 

Total .' $  68.234.20 

Superstructure 

Engineering $         609. 63 

Dominion  Bridge  Co 70.201.92 

Motive  Power  Dept. — Power  house 102.77 

B.  &B.  Dept.: 

Removing  tics  and  painting  girders $       512. 12 

Bridge  floor 5,050.00 

Placing    runouts,    temporary    trestle    spur    and 

removing  old  deck  during  erecting  of  steel 750.00  6,312.12 

Transportation  charges,  switching 200.00 

J.  S.  Metcalfe  Co. : 

Operating  bridge  during  const. : 

Labor $  1 ,  143.07 

Superintendence 50.00 

Percentage 74.29  1.267.36 

Road  Department 229.82 

Freight  on  old  and  new  steel 1 ,680.44 

Total $  80.603.06 

Credit: 

Scrap  steel $       265.68 

Grillage  beams $2,387.69 

Freight.' 73.00     2.460.69 

2,726.17 

Total — Superstructure S  77.877.79 


RAILWAY 

— The  prices  paid  for  Ibfl  v 


iton.  Vt..  32  rts.  per  ton,  duty 

.  b.  Chaty,  N.  Y.,  75  cts.  per  ton,  duty 

b.  Cbaiy.  N.  Y.,  60  eta.  per  ton,  duty  ft 


'n.  Y./ 
Iiidte  site,  by  buge  CromlBle  Ls  Mot 


1146  HANDBOOK  OF  CONSTRUCTION  COST 

Reinforcing:  steel,  per  100  lbs %     1.45 

Drifts,  sheared  points  without  head,  per  100  lbs 1 .90 

Ship  spikes,  per  100  lbs 2. 90 

Anchor  straps,  each 4. 80 

Machine  bolts: 

J4  X  15-in.,  per  100 29.40 

^  X  24-in.,  per  100 42.00 

H  X  15-in.,  per  100 10. 62 

Nose  plates,  each 7 .  16 

1  10-in.  sheave  block 14. 00 

1  10-in.  sheave  snatch  block 7. 60 

1  8-in.  triple  wood  block 1 .  95 

Steam  hose,  per  lin.  ft .93 

Suction  hose,  per  lin.  ft 1 .  33 

1  3-ton  M.  J.  duplex  block 72.00 

1  1-ton  M.  J.  differential  block 7.00 

1  3-ton  Harrington  block 67 .  50 

Dynamite,  f.  o.  b.  factory,  per  lb .19 

.  Amazon  3-ply  roofing  paper,  per  square 2 .  25 

1  motor  boat,  18-HP 600.00 

Equipment  Furnished  by  Substructure  Contractor. — The  accompaiiyillg 
table  gives  the  equipment,  and  its  value,  furnished  by  the  J.  S.  Metcalfe  CTo.. 
the  substructure  contractor: 

6  Hudson,  V-shaped,  1-cu.  yd.  cars $     890 

Track 40 

1  No.  3  Gould  trench  pump 26 

1  H-ou.  yd.  Cube  mixer 1 ,600 

1  H-cu.  yd.  Smith  mixer  (old) 400 

1  Pulsometer  pump 100 

1  Eiperson  Jr.  B.  pump 120 

1  No.  2  Emerson  steam  pump 368 

2  No.  2  Wood  electric  drills 260 

Motor  and  fittings 600 

'  2  locomotive  boilers 800 

1  vertical  boiler 800 

12  wheelbarrows 46 

Total $6,088 

Work  Done  by  Bridge  and  Building  Department. — The  data  given  in  TaUe 
X  refer  to  materials  furnished  and  work  done  by  the  Bridge  and  Building 
Department  of  the  Grand  Trunk  Ry. 

Tablx  X. — Cost  Data  on  Wobk  Donk  bt  Bridge  and  Building  DapABTinunr 

Piles  and  Pile  Driving 

117  40-ft.  piles  (4,670  lin.  ft.  at  15  cts.  per  ft.) $     700.00 

Motive  Power  Department 329 .  61 

14H  days'  pile  driving  at  S8  per  day,  labor  $16 232.00 

*Labor,  cutting  piles — east  abutment 20.00 

Labor,  cutting  piles  by  driver,  average  about  8  piles 

per  day  at  $17  per  day;  total,  62  piles  in  8  days. . .  .  136.00 

Freight 80.00 

Overhead  charges 79.00 

Total  cost  (per  ft..  33.8  cts.) $1,676.81 

Supporting  Track  by  Bridge  Dept. 

Labor $    416.20 

Material 600.00 

Freight 120.00 

Overhead  charges 71 .00 

Total $1,106.90 


Woik'DoDt 

This  work 

MeUriiii.'. 
TrajiBport. 

Total.. 
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was  deposited  under  water  by  bucket,  the  average  depth  of  water  being  about 
two-thirds  of  the  height  of  the  pier.  In  connection  with  the  concrete  work 
the  pumping  account  amounted  to  $1,676.92,  divided  as  follows:labor,  $797.92; 
fuel,  $530;  miscellaneous  material,  $200;  and  overhead  charges,  $149;  this 
amounts  to  31.2  cts.  per  cubic  yard  of  concrete  in  the  piers  and  abutments. 
*  Tables  XII  and  XIII  have  been  greatly  reduced  from  those  given  in  article 
in  which  the  details  are  given  separately  for  each  pier  and  abutment. 

Crib  Protection  Works^  Booms  and  Waling. — Table  XIV  gives  the  quantities 
of  materials  used  in  the  cribs,  booms  and  waling,  the  labor  and  material  costs 
of  various  items,  the  cost  of  miscellaneous  items,  the  total  costs  of  the  cribs, 
booms  and  waling,  and  their  unit  costs.  The  engineering  costs  are  not  included. 
The  cribs  were  filled  with  stone  from  barges,  the  rip-rap  being  unloaded  from 
trains.  The  total  cost  of  the  wing  cribs  and  booms  was  $15,594,  and  that  of 
removing  the  old  protection  work  $1,190.98  (for  details  see  Table  XVI). 

Summary  of  Pier  Coats. — Table  XV  gives  a  simimary  of  the  cost  of  the 
various  items  of  each  pier  and  abutment,  the  total  cost  of  each  pier,  and  the 
total  cost  of  all  piers  and  abutments.  The  engineering  costs  are  not  included. 
Cofferdams  were  constructed  for  the  two  abutments  and  for  pier  No.  1.  The 
cofferdam  used  for  pier  No.  1  consisted  of  2-in.  sheeting  driven  flush  with  the 
outside  of  the  caisson  and  banked  with  clay  on  the  outside.  The  cost  given 
for  this  cofferdam,  $306.98,  includes  the  cost  of  excavating  for  the  pier  and 
that  of  puddling.  The  excavation  work  for  the  two  abutments  (cost,  $300) 
was  done  by  ordinary  labor;  that  for  pier  No.  11  (cost,  $600)  was  done  by  a 
dredge;  and  that  for  the  remaining  piers  (cost,  $1,975),  by  divers.  The  cost 
given  for  the  caisson  of  the  west  abutment  ($448)  was  for  rip-rap  only.  The 
distance  from  the  top  of  masonry  to  the  base  of  rail  is  8  ft.  6  Ins. 

The  itemized  costs  of  the  pivot  pier  (No.  8)  are  shown  In  Table  XV»  These 
costs  do  not  include  engineering  nor  removal  of  old  pier,  the  costs  of  which 
were  $416  and  $900,  respectively.  If  these  items  are  included,  the  total  cost 
of  the  pivot  pier  is  $24,517.96.  The  total  cost  of  the  concrete  work  for  this 
pier  was  $11,827.45,  which  was  divided  as  follows: 

12-in.  wall,  140  cu.  yds.  at  $9.00 $  1,260.00 

Encasing  walls  and  concrete  burlap  bags,  650  cu.  yds. 

at  $8.46 5,600.00 

Rubble  grouting,  450  cu.  yds.  =150  cu.  yds.  grout 

at  $12.00 1,800.00 

Pier  top,  360  cu.  yds.  at  $8.22 2,069. 45 

Forms 298.00 

Total $11,827.45 

The  estimated  cost  of  the  pivot  pier,  including  its  proportion  of  the  genenl 
charges,  freight,  interest  and  depreciation  of  plant,  contingencies,  engineering 
and  superintendence,  was  $31,250.  The  difference  between  this  and  the 
actual  cost  of  about  $24,500  is  due  mainly  to:  (a)  Grouting  the  rubble  fllliog 
instead  of  removing  it  and  replacing  with  concrete  (approximate  saving, 
$3,500);  (b)  lower  cost  of  concrete  than  estimated  (approximate  SAYtng, 
$2,500) ;  and  (c)  lower  cost  of  caisson  (approximate  saving,  $750). 

Table  X\T  gives  a  general  summary  of  the  costs  of  the  bridge,  the  tabulft* 
tion  being  made  in  such  manner  as  to  show  the  costs  of  labor  and  super- 
intendence, material,  transportation,  fuel,  freight,  overhead  charges  and  teCalf 
for  each  item  of  the  work.  It  will  be  noted  that  the  cost  of  labor  and  super- 
intendence was  about  $9,600  in  excess  of  that  of  materials. 
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Superstructure. — The  weight  of  the  250-ft.  swing  span  was  737,062  lbs.,  and 
its  cost,  erected,  was  5.34  cts.  per  pound. 

The  weight  of  the  twelve  60-ft.  deck  plate  girders  was  710,370  lbs.,  and 
their  cost,  erected,  was  3.27  cts.  per  pound. 

The  power  plant  and  machinery  cost  $5,167. 

PEBCSNTAOES    OF    TOTAL    COST    OF    VARIOUS    ITEMS 

Subttructure. — The  following  are  the  percentages  of  the  total  substructure 
cost  ($155,955.49)  of  some  of  the  principal  items: 

Per  cent 
Engineering,    including    preliminary    surveys,    plans    and    field 

inspection 1 .  73 

Bridge  and  Building  Dept.,  including  changing  of  trestle  bents,  re- 
supporting  track,  etc 1 .  00 

Soundings 0. 23 

Contractor's  superintendent 1 .  66 

General  charges,  including  overhead  charges,   engineering,   con- 
tractor's superintendence,  and  contractor's  percentage 8.88 

Freight 6.23 

Transportation 1 .  01 

The  substructure  contractor's  percentage  was  6H  per  cent  of  the  total 
cost  (exclusive  of  engineering)  of  the  substructure,  which  equals  about  14  per 
cent  of  the  actual  labor  cost  alone. 

Superatructure. — The  following  are  the  percentages  of  the  total  superstruc- 
ture cost  ($77,877.79)  of  several  items:  • 

Per  cent 

Engineering,  including  shop  and  field  inspection 0.78 

Bridge  and  Building  Dept. — run-outs 0. 96 

Bridge  and  Building  Dept. — new  floor 6 .  50 

Table   XII. — Cost   Data   on   Open   Tibiber   Caissons — ^Enginbbring  and 

Contractor's  Percentage   not  Included 

Total  ft. 
B.   M. 
Timber  used 

8  Double  wall  caissons 

Permanent  double  wall 344 ,  727 

Temporary  single  wall .• 64 ,  200 

5  Single  wall  caissons 

Permanent  single  wall 28 ,760 

Temporary  single  wall 18*400 

Costs 

Labor  Total 

Framing $18,881 

Tearing  down,  single  wall 460 

Rip-rap 724 

Unloading  material 460 

Material 

Timber 7,600 

Tools 628 

Rip-rap 1 ,  127 

Iron 1.075 

General 882 

Miscellaneous  

Fuel 280 

Freight 1.260 

Transportation M6 

Overhead  charges 8,088 

Total $81 ,478 

Average  unit  cost  per  M.  ft.  B.  M $60.08* 

*  This  varied  from  a  minimum  of  $56  to  a  maximum  of  $81. 


RAILWAY 

U3LB   XIII. — Cost   Data   on   Concbstb   Woi  a  and 

tractor's  Pbrcbntagb  not  ] 

lantity 

In  13  piers  and  2  abutments  exclusive  of  12-in.  walls. 

Between  caisson  walls  (8  double  wall  caissons)  .* 

Total 


Costs 
.bor  ^ 

Mixing  and  placing,  excluding  12-in.  walls I 

Mixing  and  placing  between  12-in.  walls 

Unloading  material 

Forms 

Temporary  tracks 

Equipment 

aterial 

Cement  sand  and  crushed  stone IJ 

Forms 

Tempbrary  track 

Equipment 

Tools 

Miscellaneous  material 1 

iscellaneous 

Transportation,  switching 

Freight 

Fuel 

Overhead  charges * 

Total » 

lit  cost  per  cu.  yd 

•Average. 

LBLE  XIV. — Cost  Data  on  Crib  Protection  WorkSi  Be 

Engineering  not  Includbd 

Center  g 

cribs  2  Waling  Booms  y,..^3  Total 

lantities 

Timber,  ft.  B.  M.         550.316         15,300         24,696         192,734         783.046 
Rubble  stone, 

cu.  yds.. 4,000  1,400  5,400 

Total  Cost  of  Various  Items 
bor 
Unloading 

material $       380         $       20         $       30         $       200         f       630 

Framing 7,085.00         793.72     1,223.00       3,505.00     12,696.72 

Excavation    b  y 

diver 505  346  851 

Filling  cribs 1,737.15 806.00       2,543.16 

Rip-rap 135.09 101.00  236.00 

aterial 

Timber 11.080               495               705  4,260  16,540 

Iron 1.000                 56                 35  490  1,580 

Rubble  stone. .. .  3.500  1,213  4,713 

Tools 250                 35                 40  100  426 

iscellaneous 

Transportation..  200  14  16  100  330 

Freight 1,310  80  120  690  2,200 

Fuel 140        60  200 

Overhead 

charges 3,106  169  248  1,216  4.739 

Total  cost..      30,428.24     1,661.72     2,417.00     13,177.00     47,683.96 

Unit  cost  per 

M.ft.B.  M.             55.30         108.45  97.87  68.37  60.87 

Contractor's  percentage S3, 097 .  00 

Grand  total  cost $50,780.96     $64.86 
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t«Testliig  and  very  esceptional 
le  bridge  Is  a  single-track  swb 
068,  crossing  the  Grand  Calumc 
Gottlieb  &  Co..  in  ISse.  It  ia 
id  a  central  21-It.  panel.  II  v 
avy  loading  (Cooper's  E-eO).  a 
me  mu(^  more  rapidly  and  at 
niclure  than  by  replacing  it  by 
Qowb: 

(1)  Reinforcing  the  main  tniaae 
reach  rail;  (3)  placing  new  top  : 
inger  plates  on  tbe  floor-beams: 
mtable  drum. 

Emiilion  of  ITor*.— One  arm  ( 
ber  over  the  navigable  channel, 
build  talsework  under  tbe  fom 
ch  truss  pins  being  removed  fro: 
w  porta.  The  bridge  was  then 
me  way.  The  traillc  averaged  : 
As  the  work  was  done  before  tb 
t  required  to  be  swung  for  liver 
<D  work,  it  was  swung  by  mea 

t  the  old  membera  and  put  thi 
I'sceeyleoe  torches  in  cutting  ai 
le  and  cost  of  the  work. 

iced,  the  bridge  aa  now  compl 

t  were  planned  under  the  directir 
onsylvanltt  Llneo.  The  contract 
c.  2,  1913,  Work  was  commen 
14.  The  cost  was  approximate!, 
dge  to  meet  the  same  conditions 
tHe  Cost  ot  ■  Cable-Lift  Drawl 
Engineering- News,  Nov.  13,  19 
J  parallel  double-track  bridges  I 
ith  Chicago.  The  bridges  are 
eluding  approach  spans)  of  aboi 
I  pins  of  the  lift  span.  The  dial 
Substructure, ., 
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The.  cost  of  the  lift  span  covers  furnishing  and  erecting  the  steelwork  CGm- 
plete,  the  maclunery  and  operator's  houses,  wood  walkways  and  platform  sand 
their  railings.  The  cost  f  oi  the  counterweights  includes  furnishing  and  pladog 
the  concrete.  The  cost  of  dismantling  the  old  span,  providing  temporary 
supports  for  tracks  during  erection,  royalty,  extras  in  erection,  and  various 
other  items  will  make  the  total  cost  of  each  double-track  bridge  about  $400,000. 
To  this  must  be  added  the  proportional  share  of  the  cost  of  the  power  plant. 

Cost  of  Erecting  Structural  Steel  for  Manhattan  Elevated  Railway  Improve- 
ments.— Early  in  1916  work  was  completed  on  the  addition  of  single  continu- 
ous express  track  to  the  Manhattan  elevated  railway  in  New  York  City.  The 
work  included  the  building  of  23  miles  of  single  track  elevated  structure,  the 
erection  of  50,000  tons  of  steel,  the  building  of  638  foundations,  and  the  con- 
struction or  reconstruction  of  29  stations.  Most  of  the  work  was  on  dty 
streets  often  congested  with  traffic.  Traffic  on  the  elevated  railway  lines 
was  maintained  according  to  the  regular  schedule  throughout  the  period  of 
reconstruction.  In  a  paper  published  in  the  Dec.  1917  Proceedings,  Am.  8oc. 
C,  E.,  F.  W.  Gardiner  and  S.  Johannesson  describe  the  design  and  construc- 
tion features  of  this  improvement.  The  following  notes,  on  the  cost  of  the 
work,  taken  from  the  above-mentioned  paper  are  given  in  Engineering  and 
Contracting,  Jan.  23,  1918. 

The  work  was  performed  under  a  contract,  dated  Feb.  13,  1014,  with  the 
Terry  &  Tench  Co.,  Inc.,  The  Snare  &  Triest  Co.,  and  the  T.  A.  Gillespie  Co., 
which  last  company  acted  as  executive.    The  work  was  distributed  as  follows; 

All  foundation  work  was  done  by  the  T.  A.  Gillespie  Co. ;  the  Snare  A  Triest 
Co.  carried  out  all  work,  including  steel  erection,  station  finish,  and  track- 
laying  on  Sections  Nos.  6-C  and  7;  the  Terry  &  Tench  Co.  completed  all 
steel  erection  and  track  work  on  the  remaining  sections,  and  the  station 
finish  work  on  these  sections  was  partly  carried  out  by  the  Tisrry  &  Tench 
Co.  and  partly  by  the  T.  A.  Gillespie  Co.  The  contractor's  woik  was  in 
executive  charge  of  a  vice-president  of  the  T.  A.  Gillespie  Co. 

The  sub-contractors  for  the  manufacture  and  delivery  of  the  steelwork,  the 
tonnage  delivered,  and  the  prices  per  pound  of  the  material  delivered,  aie 
given  in  Table  XVII. 

Table  XVII. — Steel  Work  for  "Manhattan  Elevated  iMPBOVBMBNXi'* 

Price 
Section  Sub-contractor  Tons  per  lb. 

1 Milliken  Brothers 5,963  SO. 0288 

2-A American  Bridge  Co 4,662  0.02M 

2-B American  Bridge  Co 3,830  0.0262 

3 Phoenix  Bridge  Co 3,929  0^0289 

4-A McClintic-Marshall  Co 5,544  0.0215 

6-A Pennsylvania  Steel  Co 1 ,782  0.0290 

5-B Pennsylvania  Steel  Co 1,440  0.0275 

5-C  (Structural  steel) .  .  Pennsylvania  Steel  Co 1 ,  100  0.0290 

5-C  (Machinery) Pennsylvania  Steel  Co 163  0. 1045 

5-D Pennsylvania  Steel  Co 1, 113  0.0820 

6-A L.  F.  Shoemaker  A  Co 2,926  0.0250 

6-C. McClintic-Marshall  Co 8,075  0.0248 

7 L.  F.  Shoemaker  &  Co 1.487  0.0254 

8-A American  Bridge  Co 5,041  0.0245 

8-B Milliken  Brothers 1,302  0.0270 

8-C Milliken  Brothers 547     .     0.0254 

10-B Belmont  Iron  Work 1,200  0.0285 

The  contracts  for  the  manufacture  and  delivery  of  rails  were  nude  with  the 
following  companies: 


RAIL 

Bethlehem  Steel  Co.,  Standard 
Lackawiuma  Steel  Co.,  atandan 
(Uiaola  Steel  Co.,  maoganese  is 
The  track  liuntwr,  which  was  ail 
1  ft.  B.  M.,  waa  obtained  from 
1  cost  taO.aO  per  1,000  (t.  B.  M 
Dther  lumber,  for  shnring.  lom 
M. 
rbe  prices  paid  (or  niateriala  to 

Cement,  per  bbl 

Sand,  per  cu.  yd 


:aBt  of  Labor.- 
!  prevailing  lat 


WateiHirDoten 

Bookdrillfni... 


Leadce 


rhe  total  coat  of  the  work  done 
[tractors'  expenses  for  engine 
i9.340.  or  about  5ii  per  cent  ot 
rhe  cost  of  steel  erection  varied  ( 
the  varying  dlfflculttes  connect 
each  section  the  cost  of  erectln 
1  of  steel  erected. 
\a  an  eiample  ot  the  cost  of  rive 
..  6-C,  305,000  ricets  were  drive 
irhead  charges.  There  were  foi 
i  good  rivets  tor  an  8-hour  day. 
the  train  trafflc  About  325.00 
'16  In.  in  diameter,  at  a  coat  of  . 
ea  were  driUed  in  new  steel  ot 
ucture.  About  115,000  old  riv 
ucture  at  a  coBt  ot  S.e  cts.  each, 
upociuT  holta. 
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Table  XVIII. — Cost  of  Erection 

Section  Cost  of  erection,         Coet  oi  shoring, 

N  o.                                                                         per  ton  per  toa 

1 $30.42  $12.67 

2-A 21.27  5.41 

2-B 13.80  1.50 

3 43.71  20.18 

4-A 14.22  0.88 

6-A 50.85  20.61 

6-B 39.62  26.63 

6-C 85.76  

5-D 32.49  6.49 

6-A 28.70  17.06 

6-C 39.82  10.30 

7 93.94  7.84 

8-A 33.41  15.33 

8-C 57.80  13.90 

10-B 105.24  2.68 


The  labor  charges  for  the  construction  of  the  foundations  varied  ocmsider- 
ably,  according  to  whether  the  new  foundations  were  at  new  locations  or 
replaced  existing  foundations,  and  also  according  to  the  sub-surface  structures 
encountered.  On  Section  No.  2-A,  for  example,  49  foundations,  each  con- 
taining, as  an  average,  15.8  cu.  yd.  of  concrete,  were  placed  at  new  locations 
at  $24.50  per  cubic  yard,  including  all  excavation,  placing  of  sbeathing,  forms 
and  concrete,  back-filling,  and  repaving.  Seventeen  foundations  under 
existing  columns  were  placed  at  a  cost  of  $37  per  cubic  yard,  and,  in  addition, 
the  cost  of  shoring  the  structure  amounted  to  $210.36  for  each  foundation. 

On  Section  No.  5-A,  23  foundations,  each  containing,  as  an  average,  20 
cu.  yd.,  imder  existing  columns,  were  placed  at  a  cost  for  labor  of  $18.93  per 
cubic  yard,  and  the  charges  for  shoring  the  structure  amounted  to  $266.77  for 
each  foundation. 

On  Section  No.  5-B,  24  foundations,  each  containing  7.6  cu.  yd.  of  concrete, 
at  new  locations,  were  completed  at  a  cost  of  $22.47  per  cubic  yard,  or  a  total 
of  $168.50  per  pier,  distributed  as  follows; 


Superintendence:  Timekeeping,    storekeeping,    material 

cheeking,  general  foreman $  21.03 

Protections $    4. 00 

Sbeathii]^ 20. 00 

Making  forms 4.00 

Placing  forms 7.00 

Stripping  forms 3. 40 

Repairing  forms 6.00 

Excavating 60. 80 

Concreting 9.90 

Back-filling 10. 16 

Cleaning  up 6.00 

Watching 13. 10 

Hauling  materials 16. 13 


Carpenter  work, 


Labor. 


$168.60 


Cost  of  Reinforcing  a  Steel  Bridge  with  Concrete. — ^Thefolkming  is  given  iB 

Engineering  and  Contracting,  Feb.  22,  1911. 
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could  be  used  six  tbnea,  thus  leduclDg  the  carpenter  cost,  aeoeamOj  Ugli, 

because  of  the  cutting  and  framing  around  the  nruts  and  lateral  bnues.    Tbt 

Bplral  reinforcement  although  verr  effective,  vraa  comparativelj  expenslTe 

because  of  the  "cork  screw"  fashion  In  which  It  had  to  be  aprUed.    The 

experiment  of  using  wire  mesh  with  equivalent 

cross  sectional  ares  of  steel,  was  made  and  proned 

,  leas  expensive.  In  labor.     This  test  was  made  near 

the  close  of  the  Job  after  all  the  spirals  were  co 

hand,  and  ivas  Intended  only  for  the  general  faifor- 

The  concrete  was  made  with  a  mixer  mounted 
on  a  work  train  and  the  materials  were  curtod  Id 
bins  upon  the  car  with  the  mlier.  The  eoncrets 
wag  poured  Into  the  forms  through  spouts  leading 
from  the  miier  to  the  column  caps.  The  work  train 
was  frequently  Interrupted  and  sidetracked  for 
passing  traffic,  but  this  lost  time  was  used,  aa  far 
as  possible,  In  reHlllng  the  material  bins. 

The  coat  of  the  work  to  the  contractor,  allowing 
90  cts.  per  bbl.  of  cement  and  50  cts.  per  cu.  yd.  for 
.  sand,  was  tl2.45  percu.  yd.of  concrete  oransver- 

£M»//af  age  of  lies  per  tower.     This  cost  Includes  the  fol- 

lowing llems:  Material  for  concrete;  material  for 
forms;    Jabor    building,    placing,    repairing   and 
T  "^    removing    forma;    labor    placing    reinforcement: 

,1  i{     labor  mixing  and  placing  mortar;  labor  unloadhig 

A  i>    and  rigging;  equipment:  administration  and  mls- 

7  I     celhineous    labor.     The    contract    was    let    on   a 

^  1    percentage    baals    with    a  guaranteed    maximum 

which  closely  approximated  the  actual  cost.    The 
structure  was  completed  In  5  months. 
0/-a  ''''*'  "'  Constmctlnc  Three  Single-Track  Con- 

^'»"  ereie  Aieh   Bridgei.    Lake   Chanmlaln  *  Xoriah 

Raitraad. — The  following  coats,  given  in  Englneer- 

_^^ '    ing  and  Contracting,  June  IB,   1610.  by  Eugoui 

iteel  cotumna.  Klapp,  are  for  conetructlng  three  reinforced  con- 

crete arch  railway  bridges  In  the  northern  part 
)f  New  York  by  company  forces.    The  prices  of  labor  and  materfals  were  as 


Flo,  17.— Detsila  of 


Common  labor,  per  day II. 

Carpniiter  foreman,  per  dsy. 
Hooa  carpei^ter,  par  day 

Htfltionnry  engineer,  per  day. 


A  lO-hoiiT  day  nas  w 
Tailings  were  used  for  c 
for  loading,  both  of  which  are  included 

Lumber  for  forms  cost  118  [ler  M.  ti.  B.  M.  unplaned;  the  planing  was 
done  on  the  job  and  Is  Inriuded  In  the  lubor  costs  for  forms.  Cement  cost 
11.20  per  bbl.  after  deduetiuK  credit  lor  return  of  bags. 

Bridge  i.— This  bridge  consiata  of  an  arch  Ig-ft.  wide.  20  ft.  long  and  M 
tt.  high.     It  was  founded  on  earth  and  required  a  spread  tooting  IS  ft.  vUb. 


le  bridge  contained  S6( 
,000.    The  actual  Iteml 

Item 

:i9cellaneouB'. '.'.'.'.'.'.'.'.'.'. 

Total 

EiMVHtion— 

Total 

ibot. ...'.'''.'.'.'.'.'.'.'.'.'.'.'.'. 

Tot»l 

Mijdm  Concrete— 

[ateriala./ 

abor 

Total 


Total.. 
Reinforrii 

Total. . 


The  concrete  work  prop 


In  comment  on  these  ft 
jr  forms  includes  the  luml 
har^'j  under  "  preliminar. 
peciflnationa  and  plaPii,  o 
ost  SH  pei  cent  of  the  to' 

Bridoe  e,— ThiB  bridge. 
>unded  on  rock  and  havic 
4  rt.  wide,  witli  tootinRs  g 
alDt   placed  across  the  t> 
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contained  1,804  cu.  yds.  of  concrete  and  its  estimated  cost  wba  $10,500.    The 
actual  Itemized  cost  was  as  follows: 

Per  cu.  yd. 
Item  Total  concrete 

Temporary  construction — 

Materials $       60.07  $0,033 

Labor 915.73  0.508 

Miscellaneous * 796. 10  0. 441 

Total $1,771.90  $0,982 

Excavation — 

Materials $       27.20  $0,016 

Labor 411.84  0.228 

Total $    439.04  $0,243 

Forms — 

Materiab $    965.91  $0,535 

Labor 1.668.76  0.860 

Total $2,534.67  $1,404 

Mixing  concrete — 

Materials $     614.10  *     $0,285 

Labor 672.12  0.816 

Total $1,086.22  $0,601 

Placing  Concrete — 

Materials $       31 .  25  0.017    • 

Labor 834.09  0.462 

Total $     866.34  $0,479 

Reinforcing — 

Materials. . .  .* $     210. 12  $0. 116 

Labor 56.70  0.081 

Total $     266.82  $0,147 

Cement — 

Materials $1,675.40  $0,988 

Labor 19.91  0.011 

Total $1,695.31  $0,939 

Superintendence $    538. 49  $0. 290 

Grand  total $9,197.79  $4,004 

The  concrete  work  proper,  therefore,  cost  as  follows  per  cubic  yard: 

Forms $1,404 

Mixing 0.601 

Placing 0,470 

Reinforcing 0. 147 

Cement 0. 080 

Total 8. 570 

Superintendence  prorated  say 0. 225 

Grand  total $8,705 

In  the  above  items  "materials"  for  forms  include  trestle  lumber  and  "ndi- 
cellaneous"  charges  include  $262.23  for  plans  and  spedficatioiiB.  Tbe  dittift 
for  plans  and  specifications  was  2.86  per  cent  and  the  cost  of  inn>wrliitjinH<MMwi 
was  5.86  per  cent  of  the  toal  cost.  The  influence  of  complexity  of  fonm 
form  costs  and  cost  of  placing  concrete  is  indicated  by  oompartof 
for  Bridges  1  and  2. 


iridft  5.— This  brk 
li  34  ft.  wide  and  II 
able  feature  of  tbe 


Total.. 


Total,. 
Miiing  CO 

Total., 
Piscina  cs 
tiirialB 


Total., 


,s  with  bridges  I  an 
!  cost  for  iilnns  a 
iscellaneoua"  preli 
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ducts  near  Rosalia,  W&sta,  thereby  lepladng  a  60-^.  bJ^,S,10(Mt.  lonjc  frame 
trealle.  The  two  bridges  are  separated  by  334  [t.  ol  embanlcment.  The 
easterly  structure  Is  composed  of  a  107^i-It.  reinforced  concrete  tiwtle 
abutment,  a  100-tt.  spandrel  atch  span  and  a  7IM-lt.  leioforced  conciete 
trestle  abutment.  The  we^lerl;  structure  conslstB  of  a  77-it.  reintoRiMi 
concrete  abutment,  three  7T^i-ft.  and  one  SS^-ft.  spandrel  arcbes,  on 
5H)f-tt.  encased  steel  gfrderand  a  combination  trestle  and  Tl-abutment.  Tbe 
following  description  of  the  concreting  plant  used  on  this  work  Is  publlatud  In 


FiQ.  18. — Layout  ol  Roealia.  Wtu'h.,  nmoretiiic  plant. 

EDglneerlne  and  Contractlni;.  Nov.  22,  ISIG  and  Is  taken  from  the  RfMrt 
"ElBcietit  Methods  of  Handling  Work  and  Men."  submitted  on  Oct.  IT,  IBH. 
at  the  annual  meeting  of  the  American  Railway  Bridge  and  BuUdtng  Aaoda' 

It  was  Impracticable  to  place  the  plant  on  the  track  grade,  and,  •aooKllli|iT> 
It  was  locateil  under  the  westerly  bridge,  the  layout  being  aa  aliown  In  Fig.  U. 
The  crushed  rock  and  sand  were  delivered  hi  hopper  bottom  «an  and  ■—'"-■*■* 


RA. 

:bMta  to  tlie  gioui: 
enlck  fitted  with  ec 
rated  as  to  handle  I 
rs  for  loitdiQg  tn  sn 
as  operated  b;  a  d 

ODg  the  north  side  c 
ly  directly  into  the 
g  the  dry  material  t 


prevent  damage  to 
^ed  directly  to  the 
me  plant  was  used 
however,  the  concr" 
Ihe  aortJi  side  of  tht 
waa  mixed  and  plai 
this  way,  although 
;hB  hiability  to  mat 

i  westerly  bridge  an 
a  were  also  built  at 
i3  obtahied  from  citj 

fanization  of  the  foi 


luring  the  progress 
hout  twelve  fretght 
:nger  and  four  freigl 


CHAPTER  XVIII 
STEAM  RAILWAYS 

This  chapter  deals  mainly  with  the  construction  and  maintenance  costs  of 
steam  railways.  Costs  of  bridges  and  tunnels  are  given  in  Chapters  XVII  and 
XX  respectively. 

Further  data  on  steam  railway  construction,  maintenance  and  operation 
are  given  hi  GiUette's  "  Handbook  of  Cost  Data." 

The  "  Handbook  of  Mechanical  and  Electrical  Cost  Data"  by  Gillette  and 
Dana  gives  costs  of  electric  railway  construction  and. other  operating  cost 
data  of  use  to  either  or  both  steam  and  electric  railways. 

Approzimate  Costs  of  Rapid -Transit  Lines. — The  following  relatiye  costs  of 
producing  rapid-transit  structures,  contained  in  a  paper  entitled  "  ProvisioDS 
for  Future  Rapid  Transit,"  presented  by  John  Yipond  Davies,  consulting 
engineer,  of  New  York  City,  before  the  National  Conference  on  City  Planning 
at  Toronto,  May  25  to  27,  are  given  in  Engineering  Record,  June  6,  1914. 

The  figures  are  given  as  average  costs  for  construction  of  structures  and 
the  installation  of  structural  equipment,  but  without  power  or  rolling  stock. 
They  do  not  include  the  value  of  property  for  rights  of  way  or  easement  and 
are  given  on  the  basis  of  constructing  a  double  track  railroad  in  each  case,  al- 
though reduced  to  the  cost  per  mile  of  single  track: 

Types  of  Structubb 

For  Double  Railway  Tracks 

Cost  per  mile 
of  sinigle  traok 

Trolley  railroad  in  suburban  district,  either  on  public  roads  or 
private  right  of  wav  where  no  paving  is  required,  eomplete 
with  overhead  trolley  construction,  track  bonded;  all  in 
operating  condition t       26»000 

Trolley  railroad  on  city  streets,  including  asphalt  or  granite 
block  pavement  for  width  of  tracks  and  2  feet  outside  of  tracks: 
complete  with  overhead  trolley  construction,  track  bonded;  all 
in  operating  condition $       42,000 

Underground  trolley  railroad  in  congested  streets  of  a  city, 
including  necessary  pavements,  conduits,  etc.,  and  with 
reasonable  allowance  for  changes  of  subsurface  improvements: 

New  York $     126.000 

Washington 40,000 

Elevated  railroad  of  a  type  and  for  the  loading  permissible  to 
meet  requirements  of  Public  Service  Commission  of  New 
York;  complete  with  stations,  contact  rail,  ties  and  track; 
averages $     125,000 

Railroad  in  open  cut  similar  to  Sea  Beach  Railroad  of  Brooklyn 
Rapid  Transit  Company  in  Brooklyn,  where  work  U  executed 
witn  steam  shovel  and  with  concrete  walls;  averaging  coat  of 
bridges  and  stations  as  part  of  the  cost;  complete  with  contact 
rail,  ties  and  track;  averages .'*:■•     '     225,000 

Railroad  on  masonry  viaduct  filled  in  with  stone  ballast,  similar 
to  structure  erected  on  Queens  Boulevard  from  Queensboro 
Bridge  to  Greonpoint,  on  Long  Island,  New  York;  complete 
with  statious,  contact  rail,  ties  and  track;  averages $    380.000 
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Economic  Span  Length  for  Elevated  Railway. — Fig.  1  is  based  on  the  design 
of  the  3-track  elevated  structure  as  used  by  the  N.  Y.  Rapid  Transit  System. 
The  costs  exclude  track,  stations  and  ducts  and  are  based  on  average  prices 
of  recent  (1914-15)  contracts  as  follows: 

Steel $54.00  per  ton* 

Cast  iron 48 .  00  per  ton 

Concrete 7 .  00  per  cu.  yd. 

Excavation 2.00  per  cu.  yd. 

Paving 3 .  00  per  sq.  yd. 

*  The  cost  of  steel  makes  up  about  80  per  cent  of  the  coet  of  an  elevated 
structure  exclusive  of  track,  signals  and  station  finish. 

Plate  Girders  ta.  Latticed  Stringers. — Latticed  stringers  are  from  10  to  16% 
lighter  than  plate-girder  stringers  of  the  same  span.  The  cost  of  fabrication 
of  the  latter,  however,  particularly  without  cover-plates,  is  about  10%  less 
than  of  a  latticed  girder  without  connection  plates  and  15%  less  than  of  a 
latticed  girder  with  connection  plates.  The  first  cost,  therefore,  is  prac- 
tically the  same  in  either  case.  Depreciation  and  maintenance  costs  of  plate- 
girder  construction  are  less  than  for  latticed  girders;  details  are  simpler  and 
the  structure  is  more  rigid.     Plate-girder  Stringers  were  therefore  adopted. 

Economic  Weights  of  Rail. — The  following  abstract  of  a  committee  report 
at  the  1920  convention  of  the  Roadmasters'  and  Maintenance  of  Way  Associa- 
tion in  St.  Louis  is  given  in  Engineering  and  Contracting,  Oct.  20,  1920.  The 
purpose  was  to  develop  a  method  by  means  of  which  the  economic  weight  of 
rail  for  various  classes  of  traffic  may  be  determined.  The  actual  values  used 
in  this  discussion  are  not  at  all  theoretical  but  are  based  on  performance. 
However,  it  must  be  understood  that  these  values  actually  represent  what 
must  be  accepted  as  a  particular  problem  and  that  if  the  method  here  devel- 
oped is  applied  it  should  be  done  with  values  determined  to  fit  the  partiinilar 
case  in  question.  The  data  used  by  the  committee  in  making  the  diagram  and 
in  arriving  at  the  conclusions  given  herewith  are  as  follows: 

Cost  of  new  rail  per  ton S       41 .00 

Cost  to  lay  new  rail,  including  delivery  to  work,  removing  and  de- 
posing of  old  rail,  per  ton 20.00 

Salvage  value  of  old  rail,  per  ton 18.00 

Net  cost  new  rail,  per  ton 43.00 

Average  labor  cost  of  rail  maintenance  per  mile  of  track  per  yeai^— 

85-lb.  new  rail — labor  at  40  cts.  per  hour 135.00 

Ditto,  100-lb.  rail 114.00 

Ditto,  130-lb.  rail 86.00 

The  details  of  arriving  at  the  annual  maintenance  cost  of  130-lb.  rail,  con- 
sidering a  life  of  10  years,  are  as  follows: 

Annual  interest  charge  at  S43.00  per  ton $       3.077 

Interest  at  6  per  cent  on  first  cost  of  track  at  $43 $2.58 

Taxes  at  1  per  cent  on  first  cost  of  track  at  $43 0.43  8.010 

Interest  at  G  per  cent  and  taxes  at  1  per  cent  on  $18  salvage  per  ton 

when  removed 1 .  SOD 

First  cost  (lO-year  life)  per  ton f       7.347 

Tons  of  rail  per  mile  of  track  (130-lb.  rail) 204.29 

Annual  charge  per  mile  of  track  based  on  10-year  life.  .         1,601.00 

Annual  cost  (labor  40  cts.  per  hour)  of  maintaining  130-lb.  rail  in  1  mile 

of  track 88.00 

Annual  cost  of  maintenance,  including  interest,  taxes,  depreoiatioa 

and  labor 1.587.00 
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As  a  measure  for  the  wear  of  rail  under  various  conditions  of  traffic,  tliB 
committee  decided  on  the  number  of  cars  per  day  passing  over  a  stietdi  of 
track  as  the  measure  of  traffic  conditions.  Such  a  unit  closely  reflects  thB 
locomotive  tons  and  gross  tons;  the  average  weight  of  cars,  the  average  cm 
per  train  and  average  locomotive  miles  per  train  mile  ordinarily  varyins 
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Im 'tween  narrow  limits  from  month  to  month.  Also  the  average  number  of 
cars  passing  a  particular  point  over  a  stretch  of  track  during  any  pwlod  ctfi 
readily  be  determined  at  any  time  without  elaborate 
'organization. 
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How  many  average  interlocking  plants  equal  one  mile  of 

mainline? 61  8.40 

How  many  average  cattle  guards  equal  one  inile  of  main 

line? 48  48.00 

How  many  average  feet  of  track  in  tunnels  equal  one  mile  of 

main  line  outside? 38  2,848 

How  many  average  coaling  stations  equal  one  mile  of  main 

line? 47  8.82 

How  many  average  fire  or  cinder  cleaning  stations  equal 

one  mile  of  main  line, 47  2.47 

How  many  average  station  grounds  equal  to  one  mile  of 

main  line?. .". 52  5.68 

How  many  average  automatic  signals  and  incidental  fixtures 

equal  one  mile  of  main  line? 27  20.74 

How  many  miles  of  average  fencing  equal  one  mile  of  main 

line? 48  16.07 

How  many  feet  of  ordinary  average  ditching  will  equal  one 

mile  of  main  line? 42  10, 160 

QuEBTIONNArRE    No.    2 

Subject  Replies        ATencs 

Assuming  a  double  track  railroad  having  an  average  normal 

gross  tonnage  of  100,000  per  day  or  40  freight  trains, 

20  in  each  direction,  with  an  average  normal  number  of  12 

passenger  trains,  using  a  maximum  speed  of  60  miles  per 

hour;  grade  generally  level.  3  per  cent  maximum;  line  3 

per  cent  curvature  6  degree  maximum.    What  length  of 

section  should  be  established  at  outlying  points  if  no  such 

conditions  prevail  as  are  listed  in  above  Questions? 54  8.08 

What  length  of  section  should  be  established  on  a  sinfEle 

track  railroad,  having  same  curvature  and  gradient,  with 

one-half  the  gross  tonnage  and  one-half  the  number  of 

passenger  trains  listed  above? 52  0.0 

How  much  should  such  sections  be  lengthened  or  shortened 

for  each  25,000  gross  tons  and  two  passenger  trains  daily 

that  might  be  added  or  taken  off  on  such  double  track 

sections? 85  .014 

How  much  for  a  single  track  section  for  each  12,000  gross 

tons  or  one  passenger  train? 80  .867 

What  difFercncc  should  be  made  in  the  mileage  of  a  double 

track  section  having  motor  cars  as  compared  with  hand 

cars? 28  1.17 

What  on  single  track  sections? 85  l.SO 


Cost  of  Railway  Track  Reconstruction. — In  Engineering  and  ContracUilg, 
Sept.  7,  1010,  D.  A.  Wallace  publishes  the  following  records  which  give  the 
cost  i>er  100  ft.  and  per  mile  for  reconstructing  track  on  two  Jobs,  one  in  1006 
and  the  other  in  1908. 

1.  The  work  coiLslsted  in  putting  up  dirt  track  on  crushed  stones,  lepladnf 
58-lb.  rail  with  85-lb.  rail  and  renewing  15  ties  per  100  ft.  The  itemlied  cost 
was  as  follows,  using  negro  labor  at  $1.25  per  day  and  foreman  at  SOO  per 
month: 


Materials:                                                                          Per  100  ft.  Per  mik 

2,784  cu.  yds.  stone  at  45  cts $23.71  $1,S62.80 

Ties  at  35  cts.  f.  o.  b 6.25  277.10 

133.577  tons  rails  at  $30 76.82  8.077.1$ 

An^lo  bars  at  (>4  cts 3.87  904.80 

Bolts  at  84.90 1-21  68.70 

Spikes  at  $3.20 2.06  108.80 

Total  materials $111.42  85.884.a 
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Table  1  shows  the  unit  prices  which  were  very  largely  used  for  reproductioo. 
The  unit  prices  for  all  material  arriving  from  the  east  includes  comnierciil 
freight  charges  to  the  Missouri  River  gateways.  The  western  products. 
namely  that  of  lumber,  were  delivered  to  any  point  of  the  state  on  a  ilat 
commercial  rate,  while  rail  material  from  Colorado  is  estimated  delivery  tt 
Denver  commercial  rates. 

The  Nebraska  timber  and  soil  conditions  to  be  met  in  railroad  construotloii 
admit  of  a  nearly  uniform  treatment  for  the  150  miles  in  the  east  part  of  tbe 
state,  while  some  variance  is  found  in  the  westerly  portion.  Within  the 
easterly  portion  certain  allowance  was  made  necessary  for  clearing  and  grub- 
bing, whereas  in  the  westerly  section  no  allowance  was  made.  The  soil  condi- 
tions are  similar  throughout,  when  cost  of  excavation  is  considered,  aod  oaily 
in  the  westerly  portion  is  there  any  rock  of  consequence. 

Table  I. — Roadway  Items — Unit  Prices  fob  1909 

Only  Including  Freight  to  Gateways 
Grading: 

Earthwork,  ordinary,  per  cu.  yd 24  and  28  eta. 

Overhaul  600  feet,  per  cu.  yd IH  ete. 

Earthwork,  terminal,  yards,  etc.,  no  overhaul 30  to  47^  ets. 

Loose  rock 66  cte. 

Solid  rock $1.00 

Rip  rap,  rough  or  dumped  stone  in  place $  1.80  to  $  2.20 

Rip  rap,  laid  up  (dry) 4.30 

Retaining  walls,  coursed  rubble,  per  cu.  yd 6.00  to    11.00 

Retaining  walls,  concrete,  per  cu.  yd 7.76  to      9.00 

Retaining  walls,  brick,  per  cu.  yd 8. 00 

Dykes,  pile,  brush  or  stone,  per  lin.  ft 10.00  to    13.00 

Dykes,  earth,  per  cu.  yd .40 

Clearing,  per  acre 20 .  00 

Grubbing,  per  acre 60. 00 

Drain  for  wet  cuts,  per  lin.  ft .48 

Indemnity  insurance  on  rock  and  extra  hazardous ^  6  %  of  labor 

Tunnels: 

Average  basic  cost  per  lin.  ft.  unlined $126.00 

Rock  excavation,  per  cu.  yd 4.50 

Earth  (Brule  clay),  per  cu.  yd 8.60 

Shaft  excavation,  per  cu.  yd.  (additional) 8.00 

Timber  lining,  per  M.  B.  M.  in  place 46.00 

Indemnity  insurance 9  %  of  labor 

Note. — But  one  tunnel  owned  by  the  Burlington  Railroad  and  located  ti 
Belmont  lies  within  the  state,  excavated  almost  entirely  through  Brule  olayi 
length  being  094  feet. 

Bridging: 

Piling,  ordinary  foundation  and  trestle,  per  lin.  ft.  in  place $       .45 

Piling,  34  feet  and  longer,  per  lin.  ft.  in  place 65  and  .70 

Piling,  sheet,  3-in.  plank,  per  lin.  ft ; .08 

Timber,  Douglas  fir,  per  M.  B.  M.  in  place 88.50 

Timber  in  Howe  truss,  per  M.  B.  M.  in  place $48.60-48.00 

Timber  in  piers,  per  M.  B.  M.  in  place 41.00 

Timber,  creosoted,  per  M.  B.  M.  m  place 46.00 

Masonry : 

Stone,  Ashlar,  per  cu.  yd.  in  place. $  12. CO 

Stone,  coursed  rubble,  per  cu.  yd.  in  place 10.00 

Stone,  broken,  per  cu.  yd.  in  place 8.00 

Stone,  dry,  per  cu.  yd.  in  place 6.00 

Stone,  Missouri  River  bridge,  per  cu.  yd.  in  place 26.00 

Stone,  arch  culverts,  per  cu.  yd.  in  place 12.00 

Concrete,  includes  forms,  foundations  and  substructures 9.00 

Concrete,  reinforced,  foundation  and  substructures 11.00 

Conrrcte,  Missouri  River  bridge,  foundation  and  substructures 27,00 

Concrete,  culvert  end  walls,  per  cu.  yd 7.50 


1 


1176  HANDBOOK  OF  CONSTRUCTION  COST 

Table  1. — Continued 

Rail: 

At  eastern  gateways,  per  gross  ton 80.76 

At  Denver,  gateway,  per  gross  ton 20.00 

Relayers,  f.o.b.  Omaha,  per  gross  ton ., 25.00 

Scrap  rail,  per  gross  ton 10.00  to  14.00 

Frogs  and  Switches: 

Rigid  frogs,  material  only,  per  cwt 2.76 

Spring  frogs,  material  only,  per  cwt 2.05 

Switch  points  (15'),  material  only,  per  cwt 4.28 

Crossing  frogs,  material  only,  per  cwt. .' 8.76 

Derails,  each 12.60 

Average  cost  per  complete  turnout  in  place: 

60               70              75  85 

Weight  of  rail                                                lbs.              lbs.             lbs.  Iba. 

No.  7  frog $04       $103.00     $111.50  $117.00 

No.  9  frog 100         107.00       113.00  120.60 

No.  10  frog 101         109.00       116.00  122.00 

No.  12  frog 109.60       117.00  125.00 

No.  14  frog 114.50       122.00  130.60 

Crossings  placed  at  an  average  of  $65.00  each. 

Track  fastenings  and  other  material: 

Angle  bars  and  base  plates,  per  cwt $     1.06 

Continuous  joints  ($1.30  to  $1.90  per  pair),  per  cwt 2. 125 

Track  bolts,  per  keg,  200  lbs 5.05 

Tie  plates,  ordinary  rigged  or  corrugated,  per  cwt .  126 

Tie  plates,  heavy  flat,  per  cwt 

Average  cost,  first  mention,  7Mcts.;  second  mention,  12ct8.  eaoh. 

Nut  locks,  ^i-in.,  per.   1,000 6.00 

Nut  locks,  K-in.,  per  1,000 6.25 

Rail     braces,     rolled,     each 10  to    .12 

Rail    braces,    cast,    each 12  to    .14 

Spikes,  standard,  per  keg,  200  lbs 8.75 

Screw  spikes,  per  cwt 2.03 

Bumping  posts,  for  freight  yards,  each 55.00 

Bumping  posts,  for  passenger  yards,  each 80t00 

Ballast: 

Gravel,  Sherman  Hill,  Wyoming,  f.o.b.  pit,  per  cu.  yd $     0. 11 

Gravel,  Atkinson  and  Eureka,  Neb.,  f.o.b.  pit,  per  cu;  yd .16 

Gravel,  Chillicothe,  111.,  f.o.b.  pit,  per  cu.  yd ,12 

Gravel,  Oral,  S,  D.,  f.  o.  b.  pit,  per  cu.  yd ,16 

Gravel,  Grand  Junction,  la.,  f.  o.  b.  pit,  per  cu.  yd .15 

Gravel,  Cheyenne  River  and  Guernsey,  Wyo.,  f.'o.  b.  pit,  per  ou.  yd...  .  12 
Crushed  stone,  Louisville  and  Meadow,  Neb.,  also  Blue  Springs,  Neb., 

f .  o.  b.  quarry,  per  cu.  yd .66 

Stone  quarry  screenings,  f.  o.  b.  pit,  per  cu.  yd 20H 

Slag,  f.  o.  b.  Omaha,  per  cu.  yd .20 

Cinders,  f.  o.  b.  any  division  point,  per  cu.  yd .22 

Sand,  f .  o.  b.  any  pit,  per  cu.  yd .12 

Burnt  clay,  f .  o.  b.  pit,  per  cu.  yd .48 

Av(iruge  weight  of  ballast  material  per  cu.  yd.: 

Gravel,  Sherman  Hill,  lbs.  per  cu.  yd 2,060 

Ciravel,  all  others,  lbs.  per  cu.  yd 8,200 

Crushed  stone,  lbs.  per  cu.  yd 2,400 

Cinders,  lbs.  per  cu.  yd 1,680 

Burnt  clay,  lbs.  per  cu.  yd 1 ,700 

Slag,  lbs.  per  cu.  yd 8,860 

Sand,  lbs.  per  cu.  yd 8,800 

Track  laying  and  surfacing: 

Laying  track  on  main  line,  70  to  90-lb.  rail,  including  mdings,  per 

n)ilo 8875.00 

Laying  track  on  branch  lines,  52  to  70-lb.  rail,  including  ridings,  per 

mile 810.00 

Placing  additional  switches,  main  line,  each 20.00 

Placing  additional  switches,  branch  line,  each 15.00 

Above  price  in  track  laying  contemplates  average  H  switch  per  mila. 
Indemnity  insurance,  3M  per  cent  of  labor. 
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Tabls  1. — Continued 

Station  building  and  fixtures: 

Depots,  one  stor}-.  frame,  averages,  per  sq.  ft S1.37H  to  1.90 

In  typical  buildings,  16  X  40  ft $     880  to  1.000 

In  typical  buildings,  18  X  56  ft 1 ,  500  to  1 ,700 

In  t>-pical  buildings.  20  X  40  ft 1 .  100  to  1 ,350 

In  t>-pical  buildings.  20  X  56  ft 1 .500  to  1 ,770 

In  typical  buildings.  20  X  80  ft 2.240  to  2.700 

In  tsrpical  buildings.  24  X  60  ft 2. 100  to  2,500 

In  typical  buildings.  24  X  SO  ft 2.800  to  8,500 

In  typical  buildings.  24  X  100  ft 3.000  to  3.850 

Depots,  two  story,  frame,  averages  per  sq.  ft 32.    20  to  2.  61 

In  t>-pical  buildings.  20  X  40  ft 1 ,600  to  1 ,000 

In  t\-pical  buildings.  22  X  56  ft 2. .TOO  to  8,300 

In  typical  buildings.  22  X  SO  ft 8.800  to  4,800 

In  typical  buildings.  24  X  56  ft 2.800  to  8,100 

In  typical  buildings.  24  X  70  ft 8. 100  to  8,800 

In  typical  buildings.  24  X  90  ft 4.400  to  6.400 

Depot  furniture  and  fixtures- 
Small  stations $100  to  140 

Medium  stations 2oO  to  350 

Larger  stations 400  to  000 

Section  dwelling  houses — 

1  story,  framo.  per  sq.  ft 81 .00  to  1 .375 

1  '■ai  story,  frame,  per  sq.  ft 1 .  25  to  1 .  50 

2  story,  frame,  per  sq.  ft 1 .  75  to  2.85 

Water  closet*,  coal  houses,  etc..  per  sq.  ft 1 .25 

Section  tool  houses,  per  sq.  ft 52  to    .75 

Freight  house*,  frame,  averages  per  sq.  ft 1.25  to  1.50 

In  tvpiL-al  buildings.  22  X  64  ft $1,600 

In  typioal  buildings.  24  X  50  ft 1.800 

In  typioal  buildings.  24  X  100  ft 8.000 

In  typical  buildings    brick  ■.  40  X  SO  ft $8,000  to  8,800 

Shops.  en?in'>  houses  and  turntables: 

Shop  buildings  for  ordinar>-  division  points  containing  3.000  to  8.000  sq.  ft. 

Brick  and  frame,  per  sq.  ft ^.10  to  8.50 

Brick  and  steel,  per  s<i.  ft 2.50  to  4.50 

Shop  buildings  for  terminab  containing  30.iXK^  to  60.000  aq.  ft 

Brick  and  frame,  per  sq.  ft $  2.05 

Brick  and  steel,  per  sq.  ft 2.50 

Engine  house,  wood.  65  to  70  ft.  long.  1  stall 2.200.00 

Ensine  house,  wooil.  65  to  70  ft.  long.  2  stalls. . .  8.100.00 

Engine  houst-.  wood.  65  to  70  ft.  long.  3  stalls 4,250.00 

Engine  house,  wood.  65  to  70  ft.  long.  6  stalls. ...  .      .        7.800.00 

Enirine  house,  wooti.  briek  lined — 

05  to  70  ft.         SO  to  90  ft 

1  stall  $  2.S0O.00         

3.500  00         $  4.700.00 

4.350.00  

S. 600. 00  11.700.00 

13.200.00  17.000.00 

12.600.00  15.000.00 

19.600.00  21.100.00 

44.500.00  48.500.00 

65.400.00  78. 500.00 


o 

stalls 

3 

stalls 

o 

stalls 

s 

stalls   .  . 

Engi; 

ae  housr'. 

brl 

■k— 

o 

stalls 

10 

stalls 

20 

sta..s 

30 

1  • 

StA.-S 

Turntarl-rs.  -a  ■>.>:.  Gall-'w*  type,  length  50  ft.,  each       $  1.250.00 

Turntar'.-t.  sr-t'..  pt-rrr-.ar.'T.t  -.'entrr.  '30  ft.  each 8.050.00 

Turr.-.ir".-s.  *:■'!.  p--r::. ar.fr.:  :-?r.ter.  7'^  ft.,  each          ....  5.780.00 

Tur-t.ib*.vs.  stv-?'..  pvrr.-.a-f-t  center.  SO  f:..  each  .     O.MO.OO 

Wat t  r  s: .: : :  or. s :  A  v.-r a g v     :<t  : : u r.-.i  

3-.'''-.'-i:aI.  tar.k.  wo*.v:tn  tur  ani  tower,  ir.  place          $  1.500.00 

o'.'.X'-ial.  t.'.nk.  u  v.:-:^  t-V  and  tower,  in  p!a.*<  .                    ....  1.800.00 

r^.'"""^u.-.'..  tank,  stre-  tub  in;  tower,  in  pU.vr  8.750.00 

Wit.—    ranv.  10  an  i  12  in  .  »i:r.  p:p:ng  and  p:t  in  i^'.ao*.  each     . .  7DO.O0 

Pun-.j.-.nc  plant,  r.-.a.-hinery  ani  hr-se.  in  pla«.-v.  ea:h.                  . .  895.00 

W;nan::lls.  2>;^ft.  whe<^^!.  hO-ii.  tower,  in  place.  ea,:h   . . .        $100  to 


1180  HANDBOOK  OF  CONSTRUCTION  COST 

Net  ton  units  were  adopted  for  locomotives  considering  the  weight  of  fbe 
engine  loaded  and  the  tender  light.  This  plan  was  adopted  primarily  for  the 
reason  that  the  information  could  in  that  form  be  most  readily  obtained 
from  the  railroad  companies'  records.  As  the  appraisal  progressed,  a  furthn 
convenience  developed  in  finding  that  the  engine  loaded  increases  in  a  ybtj 
direct  proportion  to  its  net  weight.  In  assembling  the  locomotive  costs, 
further  development  indicated  three  general  classes  by  weight,  the  first  thon 
exceeding  100  tons,  the  second  those  from  60  to  100  tons,  and  the  third  all 
those  under  60  tons.  Drawing  finer  lines,  further  subdivisions  have  been 
found  in  service  and  utilized  in  some  cases.  Tables  were  prepared  showing 
in  detail  the  methods  used  in  arriving  at  the  cost  per  ton,  and  ^i^iich  woe 
adopted  in  the  appraisal.  One  table  shows  the  average  cost  per  ton  for  eadi 
of  the  three  classes  and  for  each  year,  in  which  these  classes  of  locomotlYes 
were  built.  In  some  cases,  however,  not  sufficient  data  was  obtainable  to 
give  a  true  average.  In  the  year  1909,  $2,000,000  actual  expenditures  for 
locomotives  was  deemed  sufiicient  for  determining  an  average,  and  the  result 
was  a  cost  of  $115.81  per  ton  for  engines  over  100  tons  in  weight.  For  those 
60  to  100  tons  in  weight  only  about  25  instances  were  found,  the  resultant 
costs  represented  thereby  being  $122.70  per  ton,  but  after  careful  perusal  this 
was  not  adopted  as  an  accurate  average.  A  seemingly  more  perfect  average 
was  reached  by  considering  a  much  larger  survey  for  engines  in  the  first  and 
second  mentioned  classes  tor  five-year  periods,  ending  1903  and  1909.  From 
this  the  average  cost  of  the  second  mentioned  class  of  engines  was  determined 
to  be  $120.26  per  ton.  The  average  cost  of  engines  of  the  third  class  was 
determined  as  $125.93  per  ton.  The  type  of  locomotive,  whether  for  passen- 
ger, freight  or  switching,  seems  to  evidence  little  difTerence  in  the  results  of 
cost  per  ton.  Commercial  freight  rates  were  allowed  from  the  eastern  manu- 
facturers to  the  Missouri  River,  but  not  within  the  state,  and  the  freight  east 
of  the  river  was  added  in  addition  to  the  units.  The  first  outfit  of  tools  was  a 
further  charge  in  addition  to  the  units,  but  extra  tools  and  apparatus  not 
embraced  under  the  classification  was  excluded. 

For  passenger  cars  the  units  adopted  provided  for  the  general  items  of 
construction  and  equipment.  Type  and  size  of  the  car  gave  no  correct  results 
when  the  finish  and  equipment  for  the  vehicle  influenced  the  oost  to  a 
very  large  extent.  The  main  items  on  which  unit  costs  were  based  ore  as 
follows: 

1.  Car  bodies,  not  including  trucks,  air  brakes  and  signals;  heating  and 
lighting,  seats,  vestibules,  mail  racks,  dining  car  equipment,  oak  finish  for 
passenger  cars,  painted  for  baggage  and  mail  or  express.  These  were  divided 
into  different  types,  such  as  baggage,  postal,  combination,  passenger,  dining, 
etc.,  and  costs  were  ascertained  on  the  different  lengths  of  each  class  and  type 
of  construction. 

2.  Trucks,  four  and  six-wheel,  with  cast  and  steel-tired  wheels,  and  for 
each  three  main  sizes  of  journals. 

3.  Automatic  air  signal  and  brake  apparatus  per  car,  with  12-inch,  li-inch 
and  16-inch  cylinders. 

4.  Vestibules,  extra  per  end  for  wide  or  dummy  vestibule  over  open 
platfonn. 

5.  Heating  apparatus,  cost  i)er  car,  with  various  types  of  equipment. 

6.  Lighting,  cost  per  car  for  various  tyi)es,  and  cost  each  for  the  various 
kinds  of  oil,  gas  and  electric  light  fixtures. 

7.  Seating,  cost  with  various  types  used. 
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Vestibules  extra,  per  end 

Wide  Pullman $     333.00 

Dummy 54.00 

Heating  arrangement 

Direct  steam  heat  equipment  only $     140.00 

Steam  heat  with  Baker  heater 360.00 

Passenger  car  wood  or  coal  stove,  each 41 .00 

Passenger  car  stove,  each 18.00 

Lighting  apparatus 

Oil  center  lamps,  each $      32.00 

Acetylene  gas  light  equipment,  per  car 360.00 

Acetylene  gas  center  lamp,  each 32.00 

Acetylene  gas  bracket  lamp,  each 2. fiO 

Pintsch  gas  equipment,  1  tank 167.00 

Pintsch  gas,  each  additional  tank 81 .00 

Pintsch  coach  center  lamps,  each 36 .  00 

Pintsch  baggage  car  center  lamps,  each 32.00 

Pintsch  bracket  lamps,  each 4 .  50 

Electric  wiring  only,  with  axle  light  system,  per  baggage  car 171 .00 

Electric  wiring  only,  with  axle  light  system,  per  coach 230.00 

Electric  wiring  only,  with  axle  light  system,  per  dining  car 270.00 

Head  end  dynamo,  train  Une  in  conduit  and  train  connection — 

Per  baggage  car 306.00 

Per  coach 365.00 

Per  dining  car 405.00 

Axle  light  system  and  batteries 1,325.00 

Single  pendants,  fixtures,  each,  up 1 .  10 

Combination  gas  and  electric  center  lamps,  over  1  gas  lamp,  each. .  16.00 

Elaborate  designs  for  parlor  and  cafe  cars 68.00 

Seating 

Low  back  reversible  coach  seat,  rattan $      20.00 

Low  back  stationary  coach  seat,  rattan 12.60 

Low  back  reversible  coach  seat,  plush 22 .  60 

Low  back  stationary  coach  seat,  plush 14.40 

High  back  reversible  coach  seat,  plush 26 .  10 

High  back  stationary  coach  scat,  plush 16.20 

High  back  reclining  chairs,  per  chair 38.25 

Harrison  mail  racks 

For  15-ft.  compartment $       68. 50 

For  20-ft.  compartment 100.00 

For  30-ft.  compartment 135.00 

For  60-ft.  compartment 208.00 

Smoking  compartment 

To  scat  nine,  leather  upholstered,  extra $     257.00 

Dining  car  equipment 

Includes  refrigerators,  ranges,  chairs,  tables,  china,  silver,  glassware, 

linen  and  kitchen  utensils,  average  per  car $8,047.00 

Finish,  extra  for  mahogany  over  oak 

For  dining  car,  add $     225.00 

For  00-ft.  coach,  add 144.00 

Steel  underframe  over  wood  underframe 

60-ft.  car,  extra  per  car $     787.00 

70-ft.  car,  extra  per  car 845.00 

Observation  parlor  cars 

Extra  above  all  steel  coaches 1S% 

Parlor  cars 

Extra  above  all  steel  coaches 20% 
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For  the  expenditure  of  inspection  and  purchase  of  equipment  there  was 
added  to  each  class  1  per  cent  of  the  cost  in  total,  not  including  the  frelgfat 
charges.  This  amount  was  fixed  after  having  made  considerable  investiga- 
tion as  to  the  proper  measure  to  be  allowed,  and  was  based  upon  a  number  ci 
instances  of  actual  experience. 

Additional  to  the  above  averages  there  was  allowed  commercial  freight  to 
the  state. 

Prices  Used  in  the  Valuation  of  the  New  York,  New  Haven  &  Hartford  R. 
R. — In  the  valuation  of  the  physical  property  of  the  New  York,  New  Haven 
&  Hartford  R.  R.,  under  the  direction  of  George  F.  Swain,  the  unit  pfioeB 
adopted  were  based  upon  the  average  ruling  prices  for  the  various  ^emeaots 
during  the  last  few  years  previous  to  the  appraisal  and  upon  prices  actually 
paid  by  the  railway  company.  From  the  report  on  the  valuation,  Engineer- 
ing and  Contracting,  Feb.  21,  1912,  gives  the  following. 

Grading: 

Clearing,  per  acre $      40.00 

Grubbing,  per  acre 160.00 

Earth  excavation,  per  cu.  yd 0.32 

Solid  rock  excavation,  per  cu.  yd 1.30 

Solid  rock  excavation,  per  cu.  yd 1. 15 

Looec  rock  excavation,  per  cu.  yd 0.66 

Borrowed  excavation 0. 32 

Ist  class  retaining  wall,  per  cu.  yd 16.00 

2nd  class  retaining  wall,  per  cu.  yd 8.00 

3rd  class  retaining  wall,  per  cu.  yd 6.00 

Sodding,  per  sq.  yd 0.30 

Riprap,  per  cu.  yd 2.50 

Piling,  per  lin.  ft 0.40 

Timber,  per  M.  ft.  B.  M 60.00 

Tunnels: 

Excavation,  per  cu.  yd $         6.00 

2nd  class  masonry,  per  cu.  yd 8.00 

Brick  lining,  per  cu.  yd 16.00- 

Bridges,  trestles  and  culverts: 

Ist  class  deck  girders,  per  ton $       70.00 

2nd  class  deck  girders,  per  ton 60. 00 

1st  class  through  girders,  per  ton 76.00 

2nd  class  through  girders,  per  ton 66.00 

1  st  class  trussed  bridges,  per  ton 80 .  00 

Draw  and  lift  bridges,  per  ton 120.00 

Counterweight  bridges,  per  ton 60.00 

Viaducts,  per  ton 76.00 

How  •  truss  bridges,  per  lin.  ft 00. 00 

Timbor  trestles,  per  lin.  ft 10.00 

Solid  floor,  per  lin.  ft 12.00 

Stringers,  per  M.  ft.  B.   M 60.00 

I-beam  strinnors,  per  ton 60.00 

1st  class  masonry,  per  ru.  yd 16.00 

2nd  class  masonry,  per  cu.  yd 8.00 

3rd  class  masonry,  per  cu.  yd 6.00 

Riprap,  per  cu.  yd 2.50 

Paving,  per  sq.  yd 1 .75 

Wet  excavation,  per  cu.  yd 1.00 

Drv  excavation,  per  cu.  yd O.60 

Timber,  per  M.  ft.  B.  M 60.00 

Piling,  per  lin.  ft 0.40 

Bolts,  per  lb 0.05 

Cast  iron  pipe  culvert  to  24  ins.,  per  lin.  ft 3.65 

Cast  iron  pipe  culvert   over  24  ins.,  per  lin.  ft 11.00 

Sewer  pipe  culvert  to  24  ins.,  per  lin.  ft O.tt 

Sewer  pipe  culvert  over  24  ins.,  per  lin.  ft 8. IT 
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account  of  poor  roads  and  lack  of  bridges  to  entertain  any  steam  Aoni 
proposition,  and  generally  the  cuts  and  fills  were  too  light  to  maka  item 
shovel  operation  economical.  Labor  was  scarce,  and  at  a  premium  mtrt 
where.  The  plan  was  to  do  the  work  with  the  aid  of  teams,  madUnoi  mi 
powder  as  far  as  practicable. 

Equipment. — After  a  careful  study  of  the  projected  profile,  it  was  dseUed 
to  purchase  the  following  equipment: 

12  IH  cu.  yd.  Troy  wagons  at  $112.50 SI, 350. 00 

24  drag  scrapers  at  $6.66 • 188.44 

36  No.  2H  wheel  scrapers  at  $36.76 1,823.00    • 

1  elevating  grader  at  $920.00 OaO.OO      • 

4  2,500  lb.  wagons  at  $55.00 220.00 

8  16  ft.  by  24  ft.  tents  at  $38.63 800.04 

2  32H  ft.  by  65  ft.  mule  tents  at  $149.30 208.60 

2  Ingersoll  rock  drills  at  $312.50 025.00 

1  16  hp.  boiler  on  wheels,  2d  hand,  at  $300 300.00 

10  1  yd.  dump  carts  with  harness  at  $46 460.00 

4  2  yd.  dump  carts  with  harness  at'*  $30 120.00 

100  steel  wheel  barrows,  3  and  4  cu.'ft.  at  $3.00 800.00 

12  doz.  round  Pt.  D  handle  shovels  at  $5.25 68.00 

4  blacksmith  outfits,  including  a  forge,  anvil  and  other 

tools,  at  $40.00 160.00 

12  doz.  picks  with  handles  at  $400 48.00 

Total $6,030.08 

• 

The  dump  wagons  and  grader  were  only  used  about  two  months  and  did 
fair  work  in  the  territory  where  they  were  used.  They  were  not  used  for  ft 
longer  period  on  account  of  inability  to  get  sufficient  mules  and  teaioi  to 
operate  them. 

Teams. — Before  the  company  started  work,  we  were  advised  that  sH  the 
teams  we  would  require  could  be  secured  in  the  community,  Imt  althou^  m 
paid  $3  per  day  or  50  cts.  more  than  the  ruling  price,  we  could  only  seenre  15 
to  18  teams  and  they  were  not  all  of  the  best  type.  It  was  then  deddsd  to 
purchase  our  own  mules  and  45  teams  were  purchased  in  the  St.  Louis  nmlBBL 
These  were  mules  that  could  pull,  the  average  weight  of  the  >mhifiai«  b^gg 
over  1,225  lbs.  These  teams  were  in  almost  continuous  daily  seryioe  fMB 
Aug.  1,  1912,  to  June,  1913.  Only  two  mules  were  lost  and  It  Is  esttanitod 
that  there  was  not  over  5  per  cent  lost  time  for  the  mules  In  servtoe.  Ov 
cost  of  feeding  the  mules  averaged  95  cts.  per  team  per  day.  Fcht  all 
hay  averaged  $25  per  ton  and  oats  57  H  cts.  per  bushel  delivered  at  the  i 

On  June  1 ,  1913,  the  work  was  shut  down  for  short  time.  At  that  tlmoM 
our  mules  gone  on  the  market  they  would  have  brought  more  than  they  eoA 
as  their  condition  was  excellent,  due  to  their  excellent  care.  It  wss  IbB 
theory  of  the  company  that  only  from  well  fed  and  well  kept 
satisfactory  efficiency  be  secured.  The  teams  were  taken  care  of  by  a 
petent  stable  boss.  A  supply  of  necessary  remedies  and  an  emefgency  otfB 
were  kept  at  each  camp.  The  fact  that  there  was  not  over  5  per  oott  M 
time  for  the  teams  explains  the  low  price  and  rapid  progress. 

EARTH    EXCAVATION 

Orqanization  of  Forces. — It  was  realized  that  in  order  to  secure  efflekMfi 
the  organization  of  the  various  forces  should  be  fixed.  These  foraes  MM 
called  "  Standard  "  and  only  varied  when  it  was  shown  that  the  natme  i 
work  demanded  it.    Thus  the  Standard  wheel  scraper  force 
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although  all  the  teams  which  we  used  actually  only  cost  us  approximately  13 
per  day. 

With  a  haul  of  415  ft.  a  careful  timing  of  the  teams  indicated  that  they  wan 
making  four  trips  in  20  min.  The  average  of  twelve  trips  per  hour  was  mide 
for  the  entire  day.  The  wheelers  were  loaded  to  their  capacity,  and  there- 
fore, an  average  of  nearly  60  cu.  yds.  per  wheeler  was  secured.  The  wheeler 
force  using  only  six  wheelers  cost  $30  per  day.  The  labor  cost  in  this  cue 
did  not  mudi  exceed  10  cts.  per  yard. 

Wheelbarrow  Excavation. — The  wheelbarrow  when  properly  used  is  a  most 
useful,  necessary,  convenient  and  economical  tool.  Three  types  of  barrows 
were  purchased:  the  ordinary  railroad  wooden  barrow,  the  wooden  frame 
contractors  barrow,  with  steel  tray,  and  the  all  steel  wheelbarrow  with  one 
piece  tubular  bent  handles.  Barrows  of  3  and  4  cu.  ft.  capacity  were  bougtat 
The  barrow  holding  4  cu.  ft.  in  general  seemed  to  suit  our  work  and  could  be 
handled  about  as  easy  as  the  barrow  holding  only  3  cu.  ft.  The  ordinaiy 
wooden  wheelbarrow  gave  very  poor  service.  We  had  a  few  of  the  barrows 
with  wooden  frames  go  out  of  service,  but  the  all  steel  wheelbarrows  an 
practically  as  good  as  new  after  8  months  fairly  good  service.  The  bairowi 
are  painted  when  out  of  service  any  length  of  time. 

For  side-hill  work  and  to  open  grade  points  the  barrow  is  giving  very  eflt 
cient  service.  Observation  on  side-hill  work  with  a  gang  of  25  men  HanHlaJ 
dirt  at  the  rate  of  eignt  wheelbarrows  per  minute  for  an  hour  with  a  haul  of 
21  ft.  This  would  mean  that  they  moved  over  500  cu.  yds.  per  day  in  wheel- 
barrows holding  4  cu.  ft.  Good  runways  were  always  provided,  so  that  the 
loads  could  be  moved  .with  the  least  possible  waste  of  energy. 

The  gangs  were  placed  in  the  hands  of  efficient  foremen,  who  taught  the 
men  how  to  handle  the  most  dirt  with  the  least  possible  loss  of  time.  It  wu 
endeavored  at  all  times  to  have  a  standard  gang  of  not  less  than  26  men  under 
each  foreman.  The  work  varied  as  the  conditions  necessitated.  In  some 
cases  much  drilling  was  required,  in  others  none  at  all. 

Coat  of  Dump  Car  and  Cart  Excavation. — Four  small  dump  cars  with  revolv- 
ing bodies  were  found  to  be  convenient  and  useful  in  short  cuts  and  at  the 
approaches  to  the  one  tunnel  that  has  been  built.  These  cars  run  on  a  track 
of  30-in.  gaere  and  had  a  capacity  of  2  cu.  yds.  The  cars  were  particulmriy 
useful  in  small  cuts  and  where  the  haul  was  long.  The  revolving  body  would 
permit  the  car  to  be  dumped  in  building  the  fill  ahead  of  it  and  could  be 
duini)e(l  on  ttie  side  to  widen  the  fill  or  waste  the  material.  Li^t  rails  not 
being  available  these  cars  were  run  on  a  track  made  of  4  X  4  oak  tlmben. 
The  wooden  rails  only  required  a  few  renewals  during  their  six  months  of 
service. 

Dump  carts  can  only  be  used  economically  upon  hauls  about  100  ft.  Ixmgi 
but  two  of  the  curs  moved  by  mules  would  keep  a  gang  of  10  to  12  shovelm 
continuously  busy — where  the  haul  was  from  600  to  700  ft. 

In  one  cut  alone,  it  is  estimated  two  of  these  cars  handled  15,000  cu.  yds. 
of  earth  and  rock,  with  a  maximum  haul  of  650  ft.,  at  a  cost  not  to  exceed 
20  cts.  p(*r  cubic  yard.  The  average  gang,  including  drillers,  was  about  14 
men  and  a  foroTnan.  This  number  of  men  loaded  about  150  cu.  yds.  per  day 
at  a  labor  cost  of  about  $25  per  day.  It  took  nearly  three  months  to  remove 
the  cut. 

While  dump  carts  shoidd  be  used  for  short  hauls  of  from  100  to  126  ft.,  yet 
they  have  been  u.sed  to  advantage  where  the  maximum  haul  was  250  ft,t 
provided  the  roadway  was  kept  in  good  order  and  sevenil  caitf  WVn  WOd  tO 
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The  arrangement  had  to  be  modified  according  to  the  rock,  as  hard  and  mA 
rock  would  be  found  in  the  nsme  cut  that  was  to  be  demolidied  -hy  a  tin^ 
blast.  The  arrangement  of  the  strata  changed  our  plans,  although  geneiaQj 
the  strata  we  encountered  was  nearly  vertical  or  leaned  aligfatly  to  the  nortli- 
west. 

The  general  tendency  was  to  use  too  much  powder  in  the  soft  rock  or  eaith 
and  too  little  in  the  hard  rock.  A  careful  estimate  was  made  of  the  quantity 
in  the  cut.  If  soft  rock.  2  lbs.  or  less  were  used  per  yard:  if  hard  rock.  SRh. 
per  yard  or  more.  The  general  foreman  in  charge  followed  instnictiODS  can- 
fully  and  used  good  judgment  in  bis  large  blasts  and  usually  wasted  wy  Itttto 
or  no  powder.  After  he  became  acquainted  with  the  rock  and  the  mlitilrri 
mistakes  were  rare. 

In  all  the  smaller  shots  that  are  being  made,  the  foremen  are  instnidBd  to 
use  powder  judicioLSiy.  and  they  are  getting  good  results  with  a  ■"'"»'""■» 
amount  of  powder.  The  holes  are  made  on  the  center  line  to  a  point  abontS 
ft.  below  the  grade  line  and  are  spaced  a  distance  apart  equal  to  the  depth  of 
the  holes.  It  is  found  that  the  holes  drilled  on  the  center  line  and  to  this  dqiUi 
below  the  grade  will  ordinarily  pull  down  the  grade  about  the  amount  deslwd, 
and  \iill  not  move  the  earth  too  far  back  of  the  slope  line  where  soft  rodt  ii 
handled. 

Drilling  Out  jit, — Steam  drills  are  used  with  hard  rock,  while  a  laiv 
age  of  the  other  holes  are  put  down  by  hand  and  chum  drills.  In  many 
chum  drills  were  successful  in  soft  rock.  In  all  hard  lock,  steam  dillls  sn 
used  when  possible.  The  two  drills  used  were  the  Inger»^  P-24  type  wtth 
S-in.  cylinders  f>\i-m.  stroke.     One  12  h.p.  boiler  supplied  the  two  drills. 

Co*t  of  Excatnting  a  Rock  Sid f  hill  Cut. — Several  large  blasts  have  been  an- 
cessfully  made  along  the  route  in  sidehili  cuts  on  different  sections  of  the  UnSi 
moving  almost  ^i  cu.  yd.  of  material  for  every  pound  of  powder  used.  In  ons 
cut.  estimated  at  8.000  cu.  yds.,  95  per  cent  of  which  «a8  aoUd  rode.  33  holes 
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Fig.  4. — Plan  of  bla^st  holes  in  cut  Sta.  3-53  to  Sta.  357.  W.  &  R.  V.  R.  B. 


wer^  "^i riven  ;n  cm  rows,  the  upper  row  being  approximately  20  ft.  deep  and 
extending  2  ft.  below  grad^.  while  toe  lower  holes  were  16  ft.  deep,  irrtfinlit 
6  In.  below  ^rade.  The  holes  were  expanded  or  "sprung**  twice,  lint  bj  wing 
5  or  6  -^tick.H  of  dz.-namite  and  then  by  using  25  or  30  stidGS.  This  materia 
wa-!  all  r^Tck  arid  the  .secoml  •=-xpaniion  of  the  holes  was  neccasaiy,  attboa^tt 
is  t^IievMl  that  one  ^xpansinn  of  the  holes,  using  10  or  12  stidcs  of  djnamliBt 
wouM  hiive  eivfrn  bert»-r  resiilts.  as  the  second  expansion  tended  to  IHl  tti 
hole:?  TAther  than  ori^n  them  up  to  suflfldent  size.  An  awfaca  of  11  kasirf 
powder  was  used  in  the  upper  holes  and  13  in  the  lower 
of  tii:-  blast  were  very  satisfactory-,  378  kegs  of  powder 
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required  for  breaking  up  rock  and  removing  rock  to  a  point  below  gisde. 
Some  of  the  material  wa.»  removed  by  wheelbarrows  to  tbe  side  of  tbe  eat, 
but  the  greater  portion  was  moved  by  carts  into  a  nearby  fill,  the  haul  beiiiK 
about  2o0  ft.  The  mules  were  owned  by  the  company  but  the  cost  was  eiU- 
rnatei]  at  $1.50  per  10-hour  day.  The  total  cost  of  excavating  the  cut  was  as 
follows: 


I  tern 
.Myil'*s  and  cartH. 

liabor 

Explosivfns 


S       47.00 

1.018.25 

174.45 


TotaU $1,239.70 


fO.081 

o.4in 

0.079 
10.563 


TUSXKLS 

One  short  tunnel  was  constructed  having  a  total  length  of  104  ft.  As  the 
rock  was  somewhat  varying,  in  spots  very  hard  and  at  other  points  loose,  K 
was  necessary  to  line  the  entire  length. 

The  section  adopted  as  shown  by  Fig.  6  is  rather  narrow,  had  It  been  tlw 
^..^        .    ■  intention  to  mitfai^fn  a 


manent  tunnel,  but  as  It  is  the 
purpose  to  make  an  open  cot 
at  this  point,  the  smallest  sidis 
section  was  adopted.  The 
track  has  a  summit  about  half 
way  through  the  tunnel  whleh 
provides  for  draining  trick 
ditches  to  both  ends. 

Co8t. — The  tunnel  wis 
driven  by  hand,  the  entire 
cost  being  $6,730.74,  or  934.60 
per  foot.  This  is  very  reas- 
onable, taking  into  account 
the  fact  that  very  little  ex- 
perienced labor  oould  be 
found.  No  accidents  In  the 
tunnel  proper  occurred.  The 
above  cost  includes  all  ma- 
terial, explosiyes  and  labor 
in  any  way  connected  with 
the  tunnel.  It  required  89 
days  to  d rivet  tti(*  h(>u(Iings,  and  about  the  same  time  to  drive  the  bencfaes. 
Labor  was  scared  and  difficult  to  get. 

Methinl  of  Unin(/  Powder  Tunnels  for  Excavating  Rock. — The  tonnel  ap- 
T>r()a(;hes  (rontaincd  approximately  40,000  cu.  yds.  of  earth  and  rode,  75  per 
(■^•nt  of  which  was  earth.  Nearly  50  per  cent  of  this  was  moved  by  two  blssts, 
on(»  on  each  approach;  30,000  lbs.  of  powder  were  used.*  The  powder  in  ttiese 
later  instances  was  placed  in  powder  tunnels  running  about  on  the  ditdi  line 
with  branch  tunnels  leading  from  the  main.  The  powder  was  emptied  into 
I)ai)er  flour  sacks  and  then  compacted  as  closely  as  possible  in  the  extreme  end 
of  th(^  main  timmU  and  branches.  After  the  powder  was  placed,  the  balance 
of  the  tunnel  was  fliled  with  earth  compacted  as  well  as  possible.  The  fusees 
and  lead  lines  in  these  blasts  were  tested  at  every  step  in  the  wiring  of  the  blasts 
While  effective  and  satisfactory  work  was  done  by  these  two  blartB  y«t  It 
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to  care  for  the  dirt  as  fast  as  it  came,  the  unloading  was  done  on  the  trartkB. 
and  as  they  were  being  filled  a  gang  was  kept  busy  tamping  the  dirt  in  under 
the  caps  and  stringers.  Following  a  rain,  the  dirt  packed  hard  andithe  capB 
and  stringers  were  removed  by  the  Lidgerwood  and  cable. 

The  shovel  pits  from  which  the  dirt  for  filling  was  taken,  averaged  a  15-ft. 
face  and  1,600  ft.  in  length.  The  dirt  was  a  sandy  clay  compacting  veiy 
quickly  in  embankment.  The  pit  was  opened  up  along  one  side  of  the  maio 
line  and  track  laid  behind  the  shovel  in  the  first  cut  and  used  as  a  loadiiv 
track  for  the  next  cut  of  the  shovel.  More  difficulty  than  usual  was  experi- 
enced in  keeping  the  pit  properly  drained.  Good  drainage  was  very  neoeasaiy 
to  take  care  of  the  frequent  and  heavy  rains  common  to  the  country.  Three 
trains  were  used,  1  loading  train,  which  also  handled  the  water  cars  for  the 
shovel,  1  swing  train  which  made  the  run  of  12  miles  to  the  front  in  40  minutei 
and  1  unloading  train.  The  unloading  was  started  12  miles  from  the  jrft. 
A  siding  and  water  tank  were  located  there  affording  water  to  the  swing  and 
unloading  trains.  About  25  minutes  were  generally  consumed  there  in  switdi- 
ing  empties  and  locals. 

The  work  recorded  was  done  from  Sept.  12  to  Oct.  16,  1907.  The  daily 
expenses  were  as  follows: 

Loading,  transporting  and  unloading: 

1  Trainmaster  at  $150  per  mo $     5.00 

3  Conductors. at  $100  per  mo 10.00 

3  Brakemen  at  $75  per  mo 7 .  60 

3  Brakemen  at  $60  per  mo 6.00 

3  Engineers  at  $100  per  mo 10.00 

3  Firemen  at  $75  per  mo 7 .  60 

3  Engine  watchmen  at  $60  per  mo 6.00 

1  Hostler  at  $75  per  mo 2. 60 

1  Hostler  helper  at  $1.80  per  day 1.80 

1  Stcamshovel  engineer  at  $150  per  mo 6.00 

1  Steamshovel  craneman  at  $90  per  mo 3.00 

1  Steamshovel  fireman  at  $75  per  mo 2.60 

1  Steamshovel  watchman  at  $60  per  mo 2.00 

1  Machinist  at  $0.35  per  hour 3.60 

1  Machinist  helper  at  $1.80  per  day 1 .80 

1  Blacksmith  at  $0.35  per  hour 3. 60 

1  Blacksmith  helper  at  $0.20  per  hour 2.00 

1  Car  repairer  at  $0.25  per  hoiu" 2.60 

1  Car  repairer  at  $0,225  per  hour 2.26 

1  Carpenter  at  $0,275  per  hour 2.76 

1  Pumper  at  $60  per  mo 2.00 

1  Lidgerwood  engineer  at  $90  per  mo 3.00 

6  Pit  men  at  $2  per  day 12.00 

6  Cablemen  at  $2  per  day 12.00 

Total  wages $116. 10 

20  tons  coal  at  $4 $  80.00 

Supplies 2.66 

Ice 1.00 

Water  at  50  ots.  per  tank  from  city 2.00 

10  gals,  gasoline  at  10  cts 1»00 

Total  supplies $  86.66 

1  Steam  shovel  rent $  10.00 

3  Engines  rent  at  $5.53  per  day 16.60 

62  Cars  rent  at  50  cts,  per  day 81 .00 

1  Water  oar  rent  at  50  cts.  per  day 0.60 

1  Spreader  rent  at  $2  per  day 2.00 

1  Lidgerwood  rent  at  $5  per  day 6.00 

Total  plant  rental •  66.09 

Add  10  %  super,  and  5  %  miso $  40.16 

Grand  total '$807.90 

Note. — The  5  %  misc.  includes  overtime,  etc. 


STEAM  RAILW. 
during  the  total  period  oT  3S  days,  tbe  total 

Sundays 

Rain  ot  mud 

fihov^  bttiAking  down  bank - , . 

Fsiluie  of  truisportatioa 

Total 

yt  thtB  total  of  0.25  daya,  6  days  are  accounl 

rhe  total  cost  of  the  work,  tM,17S,  was  ma 

Pitmen  at  ITS  per  no.  and  tl.75  per  day 


i^t  cross-section  showed  a  yardage  of  3S,44S 

[^racliae  Bucket  EUminilea  Haiateoance  ol 
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In  planning  methods  of  excavating  railway 
lost  of  the  cost  ot  laying  and  maintaining 
jled  away.  This  cost  mounts  rapidly  whe 
1  difficult  to  dralD.  In  such  cases  it  is  freqi 
a  excavator  ipstead  ot  a  steam  shovel,  for  bi 
1  for  the  muck  train  can  be  laid  oh  the  surf. 
!  bottom  of  a  wet  cut. 
In  making  a  cut  for  the  Nickel  Plate  Ry. 
ilah  Gonatruclion  Co,  of  Davenport,  used  a 
)'ft.  boom  and  a  S-yd.  Page  bucket.  Worl 
Inline  averaged  3,600  cu.  yd.  every  24  htB 
e  earth,  a  aandy  clay,  waa  loaded  into  12-; 
1th  of  the  cut  was  72  ft.  and  the  maximum  < 
^  on  both  Bides  of  Itself  as  well  as  behuid, 
■eating  this  operation  again  and  again. 
::os»  of  Rulway  Ditching  by  Varioua  Methot 
costs  at  1918  prices  of  cleaning  railway  dlt 
en  in  a  committee  report  at  the  1919  annua 
1  Maintenance  of  Way  Aaaodation  In  Chlca 
Engineering  and  Contracting,  E>ec.  IT,  1911 

y:  ditches  7  It.  from  ruils,  3  ft.  wide  and  2  (t 


Method 
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^eefb""i^l^ 


1196  HANDBOOK  OF  CONSTRUCTION  COST 

The  unit  costs  for  the  various  methods  follow: 

Ditcher  of  steam  shovel  type  on  care:  Per  day 

Ditch  labor $  18.90 

Work  train  labor 23.86 

Rental  of  equipment 31.00 

Maintenance  of  equipment. .  •. 1 .45 

Supphes 12.80 

Total  (224  cu.  yd.  at  41.3  cts.) $  92.51 

Steam  ditcher  of  drag  scraper  type: 

Ditch  labor $  31.76 

Work  train  labor 28.36 

Rental  of  equipment 30.00 

Maintenance  of  equipment .93 

Supplies 10.68 

Total  (2.52  cu.  yd.  at  40.3  cts.) $101.66 

Two  push  cars  and  hand  labor: 

1  foreman  at  $83 $     2.77 

11  laborers  at  $2.25 10.80 


Total  (38>^  cu.  yd.  at  58.6  cts.). 
Car  barrows  and  hand  labor: 


$  22.57 


1  foreman $     2.77 

4  laborers  at  $1.80 7.20 

Total  (13  cu.  yd.  at  76.7  cts.) $'  9.97 

Wheelbarrows  and  hand  labor: 

1  foreman :  .  . .  $     2. 77 

6  laborers  at  $1.80 10.80 

Total  (19  cu.  yd.  at  71.4  cts.) $  18.87 

Casting  or  shoveUng: 

1  foremen $     2.77 

6  laborers  at  $1.80 10.80 

Total  (38H  cu.  yd.  at  35.2  eta.) $  18.67 

Cost  of  Steam  Shovel  Work  Loading  Into  Cars  for  Railway  BalUrting  aad 
Grading. — D.  A.  Wallace  gives  the  following  data  in  Engineering  and  Con- 
tracting, July  27,  1910. 

Slag  for  Ballasting. — This  slag  was  loaded  by  a  45-ton  shovel  woridoK 
against  a  20-ft.  face,  into  cars  placed  on  a  spur  track  on  a  3  per  cent  grade. 
The  grade  permitted  the  spotting  of  cars  by  hand  while  the  engine  was  unload- 
ing the  loaded  c^rs.  The  greatest  haul  was  4  miles.  There  was  no  delay  to 
the  slag  train  due  to  meeting  revenue  trains.  The  slag  was  in  alternate  Vitri- 
fied  and  spongy  layers.  The  use  of  the  light  shovel  neoesattated  some  vm 
of  powder  but  not  more  than  the  ground  gang  could  drill  the  necessary  holfli 
for  and  handle.  Holes  were  drilled  on  an  average  9  ft.  horizontally  Into  tlM 
face  3  ft.  from  the  ground  line  and  about  10  ft.  centers.  Rodgers  ballast  an 
were  used.  The  size  of  the  slag  permitted  easy  unloading.  Tbe  train  cmr 
with  the  help  of  one  of  the  gang  did  the  unloading  and  sweeping  off. 

The  daily  expen.se  was  as  follows: 

Kngim^or  0')  S125.00  per  month S  4.80 

Criinoman  (a)  $'10.00  per  month 3.46 

F'ircman  (a>  $60.00  per  month 2.81 

Foreman  (o)  $()o.00  per  month 2. 00 

6  ground  men  ((i,  $1.2.')  per  day 7.80 

2  tons  coal  at  $2 4.00 

WaHto  and  oil 0. 50 

Dynamite O.M 

Work  train 88.00 

Total 861.00 


B  apolted  on  tbe  inain  liae,     Th 
in  line  and  cuU  were  widened, 
oaded  by  the  railwa;  compan;  In 
St  convenient,  depending  on  tb( 


[  loaded  on  cars  and  the  follov 
ivel  used  was  a  TO-ton  Giant  wilt 
Vbout  1>S  gate,  of  cylinder  oil  at 


e-sround  haads  ®  11.50  per  d 
Toul  labor 

Cvlindcroil 

Blatkoil 

Waste 

I  ton  coal 

Int.  at  S%  on  110,000 

Total 

Grand  total 

rhe  shovel  loaded  4fl  cars  of  24  t 
ing  a  cost  of  *ii  cts.  per  cu.  yd. 

In  line,  and  the  lead  track  to  eaci 
.  Marion  shove!  was  cut  into  one 
er  pit.  Three  work  trains  were  u 
Each  crew  handled  different  p 
[he  unloading  trains  and  the  spei 
s  for  botb  shovels.  This  was  d 
ves  of  the  shovels  due  lo  the  sh 
ite  sand  containing  about  20  per 
last  for  light  Iramc.  Hart  convi 
Lldgprwood  and  plow  on  new  tra 
;he  slow  running  necessitated  by 
The  following  was  the  total  oiitp 
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The  following  was  the  output  of  the  45-ton  Vulcan  shovel  for  7  day's  work. 
235  cars  or  7,670  cu.  yds. 

The  number  of  days  worked  was  7  or  70  hours  during  which  time  the  delays 
amounted  to  49  hrs.  43  mins.  distributed  as  follows: 

Cause                                                                                                  Hrs.  Mins. 

Moving  shovel 7  8 

Waiting  for  cars 28  20 

Tank  repairs 7  0 

Shovel  repairs 7  0 

Derailments 0  16 

Total 49  43 

Summarizing  the  work  of  the  two  shovels  we  have:  . 

Item                                                                                               60-Ton  45-Ton 

No.  cars  loaded 1 ,075  286 

Cu.  yds.  loaded 29.008  7.670 

Av.  no.  cars  per  day 43^  33H 

Av.  cu.  yds.  per  day 1,318.  o  1,081.4 

Av.  cu.  yds.  per  car 27. 2  32. 2 

The  face  worked  averaged  10  ft.  and  the  haul  was  10  miles. 

In  August  the  two  shovels  worked  more  nearly  the  same  amomit  of  time. 
The  total  working  time  of  the  60-ton  shovel  was  26  days  or  310  hours  during 
which  time  there  were  the  following  delays: 

60-ton  Marion 

Item                                                                                                     Htb.  Mins. 

Moving  shovel 48  0 

Waiting  for  cars 82  80 

Waiting  for  laborer^ 29  0 

Waiting  on  track  work 6  26 

Miscellaneous 10  0 

Total , 170  66 

45-ton  Vulcan 

Moving  shovel 85  0 

Waiting  for  cars 46  80 

Waiting  for  laborers 20  0 

Waiting  on  track  work 16  0 

Waiting  for  power 20  0 

Repairing  shovel 27  0 

Miscellaneous 12  0 

Total 174  80 


Summarizing  the  work  of  the  two  shovels  we  have: 

Item  60-ton  46-ton 

No.  cars  loaded 1 ,268  1 ,046 

No.  cu.  yds.  loaded 88.486  80,710 

Av.  cu.  yds.  per  day 1 ,272  1, 121 

A  V.  cars  per  day ^t^  ^ 

Av.  cu.  yds.  per  car 26>{  28N 

The  total  yardage  for  the  month  for  both  shovels  was  63,196  cu.  yds.    Tlw 
cost  of  loading,  transporting  and  placing  this  material  in  the  track 
follows: 


STB 


TrftM^otiiDg 

Surfscuw 

Fuel  HDiT  supplies 


The  lace  aveiaged  8  ft.  and 
Cost  af  Dnloadlog,  Spaciot 

(ollowliis  data  In  Bnglneerinc 
Unloading  TUs.—tl)  Ties  i 

with  oegTo  labor  at  tl.lO  pel 

train  cost  S2S  per  daj.    Six  m 

at  the  roUowing  cost : 


Train 


This  gli«s  a  cost  per  tie  of 
much  to  unload  From  box  cars 

ion  gangs  and 


per  day  and  foreir 
was  as  follows: 


n  wau  m  service  12  . 


Unloading  time. 


le  cost  at  unloadlue  per  tl 
UnlSadingtime.  ■..^■■' 
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Tie  Renewals. — When  track  is  being  surfaced  out  of  face  in  two  raiseB  the 
renewal  of  ties  during  the  first  raise  consumes  too  much  time  and  should 
be  done  during  the  second  raise.  The  following  gang  organizations  were 
employed  in  the  work  for  which  the  records  are  given. 

Oood  Surface;  Foreman  and  4  Men;  Not  more  than  B  Ties  to  Be  Remwed  at  a 
Place. — Foreman  will  loosen  up  the  spikes  on  4  ties  on  each  side  of  the  tie  that 
is  to  be  removed;  2  men  can  be  used  in  thoroughly  cleaning  the  ballast  from 
around  the  tie  that  is  to  be  removed;  the  other  2  men  should  each  have  a  Jack 
to  raise  the  rail,  so  as  to  let  the  tie  come  out  easily,  without  disturbing  the 
general  surface.  The  4  men  should  then  slip  in  the  new  ties,  working  in  pain. 
The  foreman  should  drive  the  spikes  home  as  soon  as  possible  in  order  to  keep 
the  track  safe,  and  should  dress  up  the  track. 

Foreman  and  6  Men;  Smoothing  Track;  7  or  8  Ties  per  Rail  Length, — Gaof 
as  follows:  2  men  with  jacks,  2  men  with  daw  bars,  2  men  pulling  ties  out 
of  track.  Where  3  or  4  ties  together  come  out  the  foreman  should  put  in  the 
middle  tie  and  spike  it  to  keep  the  track  safe.  When  about  20  ties  are  re- 
moved the  gang  should  go  back  and  full-tie  the  track,  care  being  taken  not  to 
disturb  ties  that  are  not  to  be  take  a  out  of  the  track,  even  if  it  is  necessary  to 
loosen  up  the  spikes  on  3  or  4  ties  on  each  side  of  the  tie  to  be  removed. 
Spikes  should  not  be  pulled  all  the  way  out,  and  ties  left  in  track  should  not 
be  raised  more  than  K  in.  Only  20  ties  should  be  removed  at  a  time  before 
new  ties  are  put  in,  for  the  reason  that  the  gang  may  be  picked  up  by  a  work 
train  or  called  away  suddenly  for  some  reason  and  the  work  be  left  in  bad  shape 
for  the  regular  trains.  As  the  new  ties  are  being  put  in  place  the  gmngcan 
smooth  up. 

The  following  are  records  of  tie  renewals: 

1 .  An  average  of  4  ties  per  rail  renewed  during  a  7-in.  raise  in  rock  ballast, 
with  Italian  labor  at  $1.25  per  day  and  foreman  at  $60  per  month.  The  ties 
were  7X9  ins.  X  8H  ft.  The  average  was  11  ties  per  man  day;  the  best 
day's  work  was  20  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,104. 

2.  Ties  put  in  during  a  3-in.  raise  in  rock  ballast  by  section  gangs,  with 
negro  labor  at  $1.10  per  day  and  foreman  at  $50  per  month.  Ties  were  6  X 
8  ins.  X  8  ft.  The  best  record  was  lOM  ties  per  mairday ;  the  average  was  14 
ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0.08. 

3.  Ties  renewed  in  rock  ballast  during  a  2-in.  raise  by  section  gangs  work- 
ing negroes  at  $1.10  per  day  and  foreman  at  $50  per  month.  The  ties  were 
6  X  8  in.  X  8  ft.  The  best  record  was  17.5  ties  per  man  day;  the  avenffe 
was  13.3  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,082. 

4.  Ties  renewed  during  a  7-in.  raise  in  rock  screenings,  working  Itsliaiu 
at  $1.25  per  day  and  foreman  at  $60  per  month.  Ties  were  7X9  ins.  X 
8M  ft.  The  best  record  was  16  ties  per  man  day,  the  average  was  12.7  tiei 
per  man  day. 

The  cost  of  renewing  1  tie  was  $0,098. 

5.  Ties  renewed  in  2-in.  slag  by  section  gangs  working  white  labor  at  $1.10 
per  day  and  foreman  at  $50  per  month.  Ties  6X8  ins.  X  8  ft.  The  best 
record  was  17.9  ties  per  man  per  day,  the  average  was  13.1  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,083. 

6.  Ties  renewed  in  2-in.  surface  gravel  working  wldte  labor  at  $1.10 
per  day    and    foreman    at    $50    per    month.    Ties   6X8   ins.   X  8  ft 
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man  day. 

Tbe  cost  at  renewing 
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cago,  Sept.  17,  1919,  made  the  following  statement,  which  is  given  in  Engi- 
neering and  Contracting,  Oct.  15;  1919. 

Today  the  railroads  that  began  using  treated  ties  10  years  ago  are  reaping 
the  benefit  of  the  investment  in  big  figures.  They  are  averaging  about  200 
ties  to  the  mile  of  all  trades,  while  the  average  nimiber  of  ties  used  on  a  road 
where  treatment  has  not  been  used  is  over  300  per  mile  of  all  tracks. 

This  means  that  a  railroad  that  is  using  2,000,000  treated  ties  per  year  would 
have  to  buy  3,000,000  ties  had  they  not  adopted  tie  treatment  ten  years 
before.  This  means  $1,000,000,  at  the  price  that  ties  cost  today,  for  the  ties 
alone,  and  much  more  than  that — ^it  means  saving  the  cost  of  transportation, 
tl;e  cost  of  unloading  and  the  cost  of  the  insertion  of  a  million  ties;  and  the 
saving  on  insertion  alone,  which  at  this  time  is  from  32  to  40  cts.  per  tie,  Is  a 
saving  of  from  $320,000  to  $400,000  of  expense.  There  is  yet  another  saving: 
one  has  disturbed  his  track  in  only  two-thirds  as  many  spots,  and  there  is  the 
saving  of  much  retamping  required  later  to  get  the  track  as  solid  as  it  was 
before  the  new  tie  was  inserted. 

Treated  ties  should  be  adzed  and  bored  by  adzing  and  boring  machine  before 
treating.  This  insures  the  seat  for  both  rails  being  in  the  same  plane  and 
gives  a  full  bearing  for  the  tie  plates,  as  tie  plates  should  always  be  used  on 
both  treated  and  untreated  soft  wood  ties,  and  on  all  treated  hardwood  ties. 

The  Most  Economical  Tie  for  Different  Conditions  of  Track  and  Traffic — 
Much  information  on  the  length  of  life,  first  cost  and  annual  cost  of  railroad 
crossties  of  various  classes  under  various  conditions  is  contained  in  a  circular 
and  key  of  instructions  on  the  use  of  crossties  issued  by  the  Baltimore  & 
Ohio  Railroad.  The  following  notes  published  in  Engineering  Record,  May 
27,  1916,  are  taken  from  the  April-June  issue  of  Wood-Preaervingt  which 
devotes  three  pages  to  the  circular.  The  circular  is  based  on  an  extended 
investigation,  in  which  the  experiences  and  opinions  of  both  engineers  and 
trackmen  were  utilized.  The  instructions  were  prepared,  it  is  stated,  to 
define  the  most  economical  tie  for  every  condition  of  track  and  traffic,  and  to 
assist  in  the  most  economical  distribution  of  ties. 

The  circular  divides  ties  into  five  classes  according  to  kind  of  wood.  ClaBB 
A  embraces  white,  burr  and  chestnut  or  rock  oak,  cherry,  mulberry,  blade 
walnut  and  locust  (except  honey  locust).  Class  B  includes  chestnut  only. 
Class  C  includes  red,  black,  scarlet,  Spanish,  pin  and  shingle  or  laurel  oak, 
also  honey  locust,  beech  and  hard  or  sugar  maple.  Silver,  soft  or  white  maple, 
red,  soft  or  swamp  maple,  red  or  river  birch,  sweet  or  black  birch  and  ix^iite, 
rock  and  red  elm  make  up  class  D,  while  pines — short  leaf,  loblolly  and  sap 
long  leaf — ^form  class  E.  Classes  A  and  B  are  used  without,  classes  C,  D  and 
E  with  preservative  treatment. 

As  to  size,  class  A  has  three  grades,  7  or  6  X  8  in.,  6  X  7  or  6  X  6.  The 
other  classes  have  two  grades  only,  7  or  6  X  8  and  6X7.  (Class  E  ties  an 
respectively  7X9  and  7X8.)  Attention  has  also  been  given  to  length,  as 
this  has  an  important  bearing. 

Table  V  gives  estimated  life  lengths  for  all  classes,  grades  and  lengths  under 
various  conditions  of  traffic.  It  also  shows  where  these  classes  and  grades  an 
and  are  not  used.  It  will  be  noted  that  the  use  of  tieplates  adds  materiaUj 
to  the  life  length.  The  instructions  stipulate  that  all  treated  ties  should  be 
tieplated. 

Table  VI  gives  the  detailed  first  cost  to  the  Baltimore  &  Ohio  f6r  the 
various  8H  ft.  classes  of  ties,  and  derived  therefrom,  the  annual  costs,  wttli 
Interest  figured  at  6  per  cent. 
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fjr^^axixtiaa,  tot  snd  ProcTMi  9t  LuTnc  Kail  vidL  LocamaciTv 
Thft  I>r.;i{r.  Vsule?  R.  R.  liad  lev»iop«fi  i  rad  laj'Ji^  ^letiuxl.  in  whidi  bH 
Vwrr.  r.rjorv'/raMfl  'Xa.  -^stt  ;f  iiicii  jicor  n-Tiz:^  •squipmenc  as  locomotive 
'rrv.efi  ur  ^';rr.;>r%ucn  ujl  -IrHId.  ■*««:..  wnicii  sod  rissuisetl  m  mcreaiiecl  output 
4r.«1  .-s^iuwil  v-flt-*.  W.ili  tiiid  -^.rtriHi  iaiij  ir^n^es  are  beizx^  nuule  of  from 
V,  V,  .  l"*  r**.  .t*r.^^,r.  per  r.Giir.  i*l  icm-iewij  boiiei,  jpiketi.  rytc.  and  ready  ftv 
4f^.-.r>,  vr.:>  .r.  ->p«>:r.:ai  xa^uuLcea  ad  riniiy  ad  lo!>  rada  hav^  been  laid  in  ooe 
r.oi..-.  V^.ft  f  vi.r/v.r^.  ji  fr-^tn  a  i««rr:;;tiQn.  of  rsjt  ziecixod  giv«i  in  Raitrcf 
^^.   *i*  irwtrv.tfi^  .r.  £c^rj*r.n^  izii  '".■■. ii:racii::jr.  Jan.  19,  1921. 

r.'.  'x,vA  x.r.tr.^  :r.:.<<  x-^rk  :!:u^  rjecf^t^arj  jib«}r  hue  b«en  Kcured  by  aaBonbUof 
tr.#»:  iw.tior.  f''ir'>«  *.r.p:w7-»tl  in  she  Incalii?  wben*  she  rail  is  to  be  laid.  The 
w,r'<  .r.  *r.i»:r.  ho  piar.r.iHl  ijs  :.^  !>*  carr.eil  oc  ji  a  ieries  of  progresrive  stages  or 
4V;;s  -(i.rr.  irt.  p>...  r.?  -piltu^.  throwu:^  i>u^  oiii  raiL  etc..  eadi  step  bring 
a^i^T'^-^  *'^'  ^  '^n  '-•'-^'^  r..:rr.'Kr  of  me:i.  In  practicallr  all  but  a  few  caaes  tbe 
.r,fi.  .-.t\  .ai  i^r.ir.^.H  or  < .^t^.\'.  jt'XjVja  of  :he  force:?  are  compotied  of  sectioa  gBngi 
'U'*T'r.pt<*.Vr  w.tr.  *.r.»=^ir  for*rr.frii  or  siLiiuples  thereof.  The  foremen  work  witii 
Ui*^\T  rr.^j.  4x  -XT';::  <m  -:perr.:i«i  :^.r^r:.  Tlii:s  feature  in  itdeSf  has  been  found  to 
^P*!*vl  .p  tnft  work  rr.atftr.a^iy. 

w.tr.  *.r.f^.  '.ftvr*A  \rA  ^'f;  iipment  asseinbled  and  all  ajwignrmenta  understood 
Ui*i  trvM  ;p'^n  wr.icr.  rail  Is  to  b*^  lai'i  Li  taken  OT^r  compieteIjt>nd  operatiooB 
ry#rr.rrifiTir/!<1.  lJMr.r.t^  tr.f:  period  of  laying  the  remaining  track  \a  operated  u 
a  ^injTi^.  trv^k  .lert.on.  T'lrough  the  dose  co-operation  of  the  operatfng  de> 
;Arf.:{if:u\  .j.^.Ih  ^^;ay  r.an  been  caLii>ed  by  the  adoption  of  this  method,  even 
iindpr  ^/i.Ti  parati  7^1y  heavy  traffic.  It  is  a  question  whether  or  not  the  delajs 
rjLn.'¥'.f\  by  laying  r;ii:  under  traffic  do  not  equal  or  exceed  the  delays  when  tbe 
trar,k  u  (fi/en  over  entirely. 

A  A  4tat^/l  tiefore,  the  method  i.?  based  on  progresiTe  steps  with  all  neir 
rnate.rial.H  di.Htribiited  previou.'ily  alonj?  the  section  to  be  laid.  The  old  track 
U  not  flmt\irtt«-A  under  any  rrircum.-tances  untU  the  time  when  it  is  taken  ow. 
7  he,  w/]iience  of  the  varioiu  .stages  Is  in  general  as  follows:  Joints  are  broken 
#:'/ery  10  rail  len^th.«i,  .spike:!)  pulled,  one  rail  thrown  out,  old  tie  {dates  removed, 
r.rt-t^ftWA  fitttA  plug.H  placed  in  old  spike  holes,  ties  adzed,  new  tie  plaiei 
lAsu-f'A.  new  rail  laid  with  locomotive  crane,  rail  center  spiked  and  gaged. 
Joint-t  \t\i%iiM  and  bolted,  holes  drilled  and  bond  wires  installed,  track  gaged 
ari'l  full  spiked,  nignal  oonnecte<l  up  and  work  generally  flnished  up. 

Where  one  nrane  i.^i  u.sed  a  force  of  about  200  men  are  required  to  keep  tbe 
r.rane  workini?  to  It.n  capacity  and  the  work  proceeds  one  rail  at  a  time,  the 
crane  \tf\nii  moved  back  to  the  point  of  starting  at  the  completion  of  laying 
of  the  flr.Ht  line  of  rail  and  .starting  on  the  second  rail.  With  two  cranes  a 
duplicjite  orf^anization  follows  the  fir.nt  crane  preparing  the  other  rail  for  tbe 
i¥'jr^,tm(\  crane,  l>otli  of  which  are  followed  by  a  finishing  gang  of  about  douMe 
the  hV/a: 

Kail  bonrJirif?  i.s  carrifKl  on  by  means  of  portable  units  of  air  compressors  and 
thfrir  rlrillH.  ^>ne  compreflsor  generally  handles  four  drills  requiring  a  cmr 
of  .six  irif^n.  The  Having  of  labor  in  this  item  has  been  very  marked  and  a 
much  KH^atftr  output  ha.s  \Hibn  obtained  in  addition  to  increasing  the  life  of  tbe 
drIllH  from  five  to  eight  times.  In  connection  with  this  class  of  equipment  ser* 
(Tal  iiiK'umatic  wrenches  were  trie<l  out  recently  for  the  purpose  of  running  up 
thf^  nutH  on  the  track  T)oltH.  The  average  time  consumed  for  running  np  one 
fl-bolt  .splice  und  moving  to  the  next  was  about  30  seconds. 

I'MKuriiiK  on  a  one-crane  basis,  as  any  multiple  up  to  four  can  be  used  effl- 
clently  on  one  .s<;t  of  trackH  provided  there  are  sufficient  men  available,  the 
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For  short  Jobs  of  raU  unloading  with  men  not  used  to  the  work  and  idKre 
the  ground  is  smooth,  there  is  no  objection  to  unloading  from  the  sides  of  tbe 
car,  provided,  of  course,  that  both  ends  of  the  rails  are  released  together. 

The  following  are  records  of  unloading  rails: 

1.  The  70-lb..  33-ft.  rail  was  unloaded  from  the  sides  of  gondola  and  flat 
cars  by  section  gangs  which  had  no  experience  in  handling  new  rail.  Two 
rails  were  dropped  at  a  place,  then  the  train  moved  ahead  one  rail  length  sod 
the  operation  repeated. 

When  unloading  gondola  cars,  one  man  followed  the  train  to  straigfaten 
out  an  occasional  rail  lying  too  close  to  the  track;  the  remainder  of  the  gaw 
unloaded  the  rails  by  hand  with  the  assistance  of  2  men  at  eafch  end  of  the 
car  with  lining  bars. 

Rail  unloaded  from  flat  cars  was  rolled  ofiF  the  sides,  using  lining  ban  lad 
shovels.  Two  men  at  each  end  had  lining  bars  and  the  ramalnder  had 
shovels.  As  soon  as  the  bar  men  had  started  toe  rail  they  were  aasiflted  by 
the  shovelers,  one  bar  man  at  each  end  always  using  his  bar  as  a  skid,  keepiiv 
the  rail  up  from  the  floor,  thus  giving  leverage  to  the  shovel  men.  One 
man  followed  the  train  to  straighten  out  rails  lying  in  a  dangerous  posltioo. 

Negro  labor  at  $1 .  10  per  day  was  employed,  with  foreman  at  $50  per  month. 
The  work  train  cost  $25  per  day.    The  cars  unloaded  weze  as  foUows: 

Baib 

Gondola  car 84 

Gondola  car $4 

Gondola  car 118 

Flat  car IIS 

Total 8M 

The  time  required  for  unloading  was  3  hrs.  50  mins.,  and  the  cost  was  ai 

follows: 

18  men  at  $1.10  per  day $  7.50 

3  foremen  at  $50  per  month 1 .84 

Work  train 35.00 

Total $$4.48 

This  gives  a  cost  of  8.7  cts.  per  rail  and  of  $27.84  per  mile  off  track. 

2.  In  the  record  which  follows  no  charge  was  made  against  the  Road 
Department  by  the  Transportation  Department  for  roadway  woik  peffonned 
by  revenue  trains  other  than  overtime  made  by  trains  doing  the  woik  and  ii 
this  case  the  revenue  business  was  light  and  no  overtime  was  made.  The  (an 
unloaded  were: 

Rub 

One  gondola  car 84 

One  gondola  car Ill 

One  flat  car Ill 

Total no 

The  working  time  was  1  hr.  30  mins.  and  the  cost  was  as  f<dlows: 

13  men $1.14 

4  foremen O.tS 

ToUl $$.!• 

This  gives  a  cost  of  1  ct.  per  rail  and  of  $3.20  per  mQe  of 


STEA 


3.  In  the  toUowliig  n 
loading  goQdolit  and  flat 
as  follows : 


The  lime  for  unloading  S 


Delays 

In  comparison  the  I 


ThereFore  It  coBis  three  times 
as  It  does  from  a  Oat  car. 

Where  rail  was  unloaded  from 
to  unload  from  one  side  and  hal 
good  method,  as  there  was  alwe 
unload  Its  half  first  so  that  the  fi 
be  left  for  the  slower  gang  to  ui 
792  rails,  was  as  follows:  The  wi 
man  $50  per  month,  but  as  tht 
was  paid  the  men.  The  cost  wa 
17  iDEDat  tl.65perday.. 
4  foremen  >t  tSO  per  moi 

Total 

This  gives  a  cost  o[  7.S  cts,  pe 
Summarizing  the  co9ts  of  reco 

(1)  394  rails  uDloaded  at 

(2)  310,rai]H  unloaded  at 

(3)  792  rails  unloaded  M 

1,196  rails  unloaded  a 
This  gives  a  cost  of  a.ft  eta.  p 
4.  Generally  rails  are  piled  o 
placed  alternately  head  up  and 
overlapped  by  the  base  of  the  ad 
loosely  on  a  flat  car,  with  just  enc 
with  the  stdea  of  the  car.  In  u 
enced  In  loosening  up  a  rail  sud 
tightly  In  layers. 
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Negro  labor  at  $1.10  per  day  and  foreman  at  $50  per  month  were  worked. 
A  gang  of  10  men  unloaded  00  85-lb.  rails  in  45  mins.  The  coet  Of  the  wodL 
was  as  follows: 

Train  service $1 .  56 

Labor 1 .  06 


Total  for  90  rails $2. 61 

This  gives  a  cost  of  2.9  cts.  jper  rail  or  of  $9.30  per  mile  of  track. 

Time  Tests  of  Loading  66-lb.  Rail  on  Flat  Car  by  fiand. — ^A.  M.  Van  Auken 
gives  the  foUowing  data  in  Engineering  and  Contracting,  Dec.  17,  1919. 

The  work  was  done  near  Ypsilanti,  Mich.,  on  the  Michigan  Central  R.  R. 
on  April  12,  1917,  the  gang  consisting  of  the  following: 

1  foreman  at $90.00  per  month 

1  timekeeper  at 75.00  per  month 

1  cook  at 2 .  10  per  day 

1  water  boy  at 2. 10  per -day 

15  laborers  at 2. 10  per  day 

The  equipment  consisted  of  two  hand  cars. 

The  gang  was  surfacing  tracks  near  Milepost  29  until  11:30  ft.  m.  It  then 
knocked  off  for  H  hour  for  dinner.  The  transporting  of  the  men  consumed 
40  minutes  for  a  distance  of  3  miles  to  a  point  (Milepost  32)  on  the  main  trade 
opposite  the  pile  of  rails  to  be  loaded. 

The  material  loaded  consisted  of  102  odd  lengths  of  used  rail  iHdudIng 
2,756  ft.  of  65-lb.  rail  and  20  ft.  of  80-lb.  raU. 

The  labor  time  distribution  was  as  follows: 

Left  mile  ^ost  29  at  12:00. 
Arrived  nule  post  32  at  12:40. 

Loaded  rail  and  lumber  from  12:40  to  3:45;  this  indudes  delays. 
Left  mile  post  32  at  3:45. 
.  Arrived  mile  post  29  at  4:10. 

Delays  in  loading  the  rails  were  as  follows: 

Mins. 

Stopped  at  Ypsilanti  station  for  foreman  to  receive  reports  of  trains 8 

Removing  hand  cars  from  track 2 

Walldng  from  liand  cars  to  where  rails  lay 5 

Waiting  for  rails  to  be  measured  before  placing  on  flat  car 9H 

Moving  flat  car  about  10  ft 8 

Moving  flat  car  about  2,000  ft.  (rails  were  in  two  piles  about  2,000  ft. 

apart) 3S 

Loading  lumber 85 

The  latter  item  hivolved  the  loading  of  42  pieces  of  3  in.  X  10  in.  X  16  ft. 
planks  in  a  box  car.  The  lumber  lay  opposite  the  pile  of  rails  bo  no  time  wai 
lost  in  moving  from  rail  to  lumber.  The  results  of  a  test  made  to  detenniw 
the  time  required  to  lift  and  throw  10  rails  on  flat  car  follow: 

15  sec.  27  sec. 

38  sec.  40  sec. 

65  sec.  35  see. 

18  sec.  20  sec. 

22  sec.  27  sec. 

It  will  be  noted  that  it  took  307  seconds  to  load  the  10  nils  (2A  to  88  ft. 
long).     This  gives  an  average  of  H  minute  for  loading  each  ralL 


I 

The  aTGTaee  time  of  loa 

5»  aeconda,  la  olher  won 
their  output, 

LoBdini  Italia  with  Dllt 
ContiactioEi  Oct,  Ifl,  19 it 

B7  uaing  a  rKllroad  ditc 
La.,  waa  able  to  load  60-lh 
ctB,  per  T^l.  The  crew  coo 
crew  of  3  men  aud  forama 

One  man  operating  ditc 

One  fireman.  As  wood 
on  the  ditcher. 

One  man  to  put  stakes 


entire  cara  were  loaded  wi 
once.  When  the  operaloi 
go  tbemeelvea. 

One  man  on  tbe  ground 

Oue  foreman,  wtio  kept 

This  crew  with  the  Amei 

working  time  being  4!,^,  5 

car  and  loaded  onto  emptii 

rail  loading,  according  to  1 

Ditcher  operaMr  ... 

Ditcher  firei 


It  *2.S0  e 
FueTCwood) 


Fue?(i™  "  " 


Total 

Cast  of  Loading  Rail  (1 

foUowipg  data  in  Engineer 

1.  Tbe   rail   was  lying 

fastened  to  each  rail  by  tv 
straightened  out  on  the  fia 
by  two  men  who  picked  ui 
A  work  train  and  a  gang  ( 
per  day,  and  foreman  at  t 
3  bra,  2  mine,  at  the  follov 


In  many  instances  to  Blip  6 
hindered  by  a  growth  of  h: 


loaded  the  angle  1 
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kept  the  rail  straightened  on  the  flat  car  as  it  was  being  loaded;  11  men  loaded 
the  rail  on  one  side  of  the  car  until  half  the  load  was  placed,  then  the  train  was 
backed  up  wtiile  the  other  side  of  the  car  was  loaded.  The  rail  was  SA-lb. 
rail  left  lying  along  the  shoulder;  6  flat  cars  with  a  capacity  of  100  rails  each 
were  loaded.    A  total  of  800  rails  was  loaded  at  the  following  cost: 

Train  service S25.00 

Labor 20.00 

Total $45.00 

This  gives  a  cost  of  5.6  cts.  per  rail  or  of  $19.71  per  mile  of  track.  Thisume 
crew  loaded  and  unloaded  400  rails  with  the  same  shipment.  In  unloading 
the  rail  two  greased  rails  were  used  as  skids.  Six  men  were  on  the  car  to 
start  the  rails,  and  8  men  were  on  the  ground  to  straighten  them  up  in  piles. 
The  cost  of  the  work  was  11.3  cts.  per  rail  or  $39.77  per  mile  of  track. 

3.  The  rails  were  lying  on  the  shoulder  of  the  grade,  disconnected,  as  taken 
from  the  track.  A  force  of  22  men,  18  per  rail,  and  4  on  the  car,  loaded  160 
58-lb.  rails  in  2  hrs.  45  mins.  The  rate  of  wages  was  negro  labor  at  f  1.20  per 
day  and  foreman  at  $60  per  month.    The  cost  was  as  follows 

Train  service $  5. 58 

Labor 6. 12 

Total $10.65 

This  gives  a  cost  of  6.6  cU.  per  rail  or  of  $20.25  per  mile  of  track. 

4.  A  gang  of  24  men  loaded  rails  into  end  of  gondola  car  from  pile  15  ft. 
from  the  track ;  16  men  to  a  rail  and  8  men  on  the  car.  A  total  of  100  rails  were 
loaded  in  1  hour  40  mins.  or  1  rail  per  minute.  The  labor  was  negro  at  $1.25 
per  day,  and  foreman  at  $60  per  month.  It  cost  to  load  the  100  rails  $5.30  or 
5.3  cts.  per  rail. 

Cost  of  Tracklaying  with  Tracklaying  Machine. — D.  A.  Wallace  gives  the 
following  in  Engineering  and  Contracting,  Aug.  3,  1910. 

The  work  was  done  by  contract  in  June,  1907,  on  the  Frisco  line  in  Louis- 
iana. The  record  is  a  poor  one,  due  to  faulty  working  organization.  The 
average  day's  work  was  6,000  ft.,  full  teed,  bolted  and  sj>iked.  Work  was 
greatly  delayed  on  account  of  the  poor  handling  of  material  in  material  yard. 
A  35-mile  run  was  necessary  for  the  night  crew  to  bring  the  angle  bars  and 
spikes  to  the  front  for  the  next  day's  work. 

The  outfit  equipped  for  each  half-day's  work  consisted  of  a  pioneer  car. 
5  flat  cars  loaded  with  300  ties  each  and  2  flat  cars  loaded  with  00  rails  each. 

Two  train  crews  were  used.  The  day  crew  came  on  duty  at  6  a.  m.  and 
was  released  at  6  p.  m.  by  the  night  crew,  which  had  liad  supper  when  the  day 
crew  returned  with  the  gang  from  the  front.  The  night  crew  then  ran  to 
Eunice,  15  miles,  filled  up  the  tank  car,  left  flat  cars  spotted  for  loading  ties 
and  rails  and  ran  to  Opelousas,  20  miles  further,  for  angle  bars  and  spikes, 
returning  to  camp  with  train  made  up  for  first  half-day's  work  at  6  a.  m. 
The  day  crew  returned  to  camp  at  12  noon  for  dinner,  getting  back  to  the 
front  at  1  p.  m.  During  the  noon  hour  the  night  crew  switched  out  the 
empty  tie  and  rail  cars  and  picked  up  the  loaded  tie  and  rail  cars  ready  for 
the  afternoon's  tracklaying.    Lining  gang  handled  the  back  switdi  work. 

The  force  itemized  in  the  following  table  was  needed  to  lay  6.000  ft.  of 
track.  This  force  may  be  reduced  to  90  men  by  half  bolting  and  spfldng 
the  track,  the  track  work  being  done  on  days  wbxm  there  Js  delay  to  the 
material,    The  gang  required  was  as  follows: 
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foreman  at  $150  per  mo. 

per  at  $75  per  mo. 

>ary  clerk  at  $00  per  mo. 


V 

boss  at  $2.25 I 

nan  at  $1.75 

and  puddle  man  at  $1.75 

9  on  a  side)  at  $2 

puller  at  $2 

•uller  at  $2 

Total 

ang: 

an  and  ^oard  at  $3 

eder  at  $2 

bar  man  at  $2 

illers  at  $2 

ggy  men  at  $2 

?r8  (3  on  side)  at  $2 .- 

Total 

ng: 

an  and  board  at  $3 

uller  at  $1.75 

puller  at  $1.75 

rod  men  at  $1.75 

h  men  at  $1.75 

aen  at  $2 

icers  at  $1,75 

nen  at  $1.75 

man  at  $1.75 « 

an  at  $1.75 

s  at  $2 

•8  at  $1.75 

boys  at  $1.50 


Total I 

g: 

an  and  board  at  $3 $ 

at  $1.75 

boy  at  $1.50 


ing  Gang: 

rs  at  $1.75 

;ook  at  $100  per  mo 

I  cook  at  $35  per  mo 

y  at  $30  per  mo 

ys  at  $25  per  mo 

nan  at  $40  per  mo 

woman  at  $40  per  mo 

al 

• 

ers  and  board  at  $100  per  mo 

n  and  board  at  $60  per  mo 

ctor  and  board  at  $100  per  mo 

nen  at  $60 

Total ...  . 

us  expenses: 

r  car,  rent  $25  per  mile 

luipment,  coal,  waste ^ 
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Summarizing,  we  have  the  following: 

Item  Per  day 

Pioneer  car $  23.40 

Gen.  foreman,  timekeepr  and  olerk 10. 50 

Front  gang 46.76 

Machine  gang 31 .00 

Ground  gang 94.50 

Lining  gang 18.50 

Night  loading  gang 21 .00 

Camp  help 10.65 

Train  crew 18.00 

Equipment,  coal,  etc 10.00 

Total $283.30 

To  be  deducted  from  this  total  are  the  following  amounts: 

Item  Per  day 

Receipts  from  board $  50.00 

Commissary  profits 12.00 

Total S  62.00 

Net  daily  expenses  (283.30— $62) $221.30 

The  contractor  received  $275  per  mile  for  tracklaying,  or  for  6,000  ft.  of 
track  laid  per  day,  $312.40.  His  net  income  per  day  was  $312.40 — $221.30 
»  $81.10.  On  the  basis  of  a  net  daily  expense  of  $221.30  the  cost  per  znila 
of  track  laid  was  closely  $200. 

Cost  of  Laying  Track  With  Machine. — The  following  matter  is  taken  from 
Engineering  and  Contracting,  April  1,  1914. 

The  conditions  affecting  track  laying  are  numerous  and  varying,  and  It 
would  be  practically  impossible  for  anyone  except  an  experienced  contractor 
with  well  organized  forces  to  attain  the  results  shown  by  the  data  beloiw. 
Forces  which  have  been  employed  for  years  in  as  narrow  or  specialized  a  field 
as  track  laying,  are  bound  to  attain  a  high  degree  of  efficiencyt  prorided  the 
management  is  the  best,  for  a  body  of  most  able  overseers  is  gradually  col- 
lected, which  assures  wide,  efficient  and  progressive  supervision.  If*  in  addi- 
tion to  the  above,  a  concern  builds  up  a  reputation  for  paying  the  best  wages 
and  giving  absolutely  the  best  treatment  possible,  consistent  with  the  work 
required,  an  asset  of  no  small  importance  is  added. 

The  track  laying  described  herein  was  done  by  a  force  which  showed  the 
lesults  of  all  the  advantages  mentioned  above. 

Make-up  of  Track  Laying  Machine  Train. — When  laying  track,  the  train 
carrying  the  machine  is  made  up  as  follows,  beginning  with  the  "pioneer  car.*' 
which  always  remains  at  the  "front,"  and  is  not  changed  out  as  are  the  other 
cars  in  the  train.  Immediately  behind  the  "pioneer"  are  four  care  of  railt, 
then  the  locomotive,  and  behind  that  eight  cars  of  ties;  next  comes  a  car  of 
tie  plates,  when  they  are  used,  the  "trailer,"  which  Ls  a  car  carrying  8i>ikee> 
bolts  and  base  plates,  a  car  of  plank  for  crossings,  a  car  of  cattle  guaida,  a  tool 
car  and  the  way  car.  This  makes  twenty  cars,  and  all  are  flat  care  except  the 
two  last  mentioned. 

The  first  car  of  rail  behind  the  pioneer  is  "trimmed."  that  Is,  on  it  ia  loaded 
angle  bars  enough  to  lay  the  amount  of  steel  carried  on  the  train.    The  an^ 
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time  rails  are  ne 

Aeysleniottr 

[ilaiiks.  Tie  tn 
trams  are  beld  t< 
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ready  tor  the  roi 

A  shnilar  chut 
rail  in  front  of  tl 
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time  when  lay  Id 
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loaded  cars  whei 
full  crew. 

Material  for  t 
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but  in  correct  order  and  position  on  cars.  A  train,  called  the  swing  train,  is 
then  made  up  of  sufficient  material  for  a  half  day's  work,  and  is  transported  to 
the  front,  or  rather  to  the  camp  of  the  contractor,  where  it  is  placed  in  the 
most  convenient  place  available  for  the  track  machine  crew  to  pick  up.  The 
swing  train  crew  then  takes  a  train  of  empties  and  returns  to  the  material 
yard.  The  track  machine  is  served  regularly  by  the  same  locomotive  and 
train  crew.  As  the  track  machine  does  not  move  ahead  by  its  own 
power,  a  locomotive  and  train  crew  are  required  to  remain  with  the  machine 
onstantly. 

Briefly,  the  movement  of  the  machine  is  as  follows  in  laying  square  jointed 
track:  tied  are  trammed  and  carried  ahead  constantly  and  laid  on  the  grade; 
the  machine  moves  ahead,  and  a  rail  is  chuted  out  and  heeled  in  by  the  rail 
gang,  and  the  angle  bars  bolted  on  loosely  with  two  bolts  only;  a  second  rail 
is  placed  and  held  to  gage  by  bridle  rods;  the  machine  is  then  moved  ahead 
a  rail  length  by  the  locomotive,  and  the  operation  repeated.  When  laying 
broken  jointed  track,  the  machine  is  moved  ahead  a  half  rail  length  at  a  time, 
thus  requiring  twice  as  many  moves. 

Back  of  the  machine  the  bridle  rods  are  removed,  and  enough  ties  axe  spiked 
to  hold  the  rails  from  spreading.  Spacing  ties,  bolt  tightening  and  full  bolt- 
ing are  all  done  behind  the  machine,  and  cause  it  no  delay. 

Organization  of  Gang. — ^A  gang  of  125  men  will  easily  lay  two  miles  of  trade 
per  day,  provided  no  unusual  difficulties,  such  as  soft  grade,  etc.,  are  encoun- 
tered.   A  gang  of  this  size  would  be  placed  about  as  follows: 

1  general  foreman  at,  per  day $  5.00 

1  aas't  foreman,  with  rail  gang,  at,-  per  day 8 .  60 

1  ass't  foreman,  watching  trams,  at,  per  day 3. 60 

1  ass't  foreman,  with  spikers,  at,  per  day 8.60 

1  ass't  foreman,  lining  track,  at,  per  day 8. 60 

1  stationary  engineer  at,  per  month 76.00 

1  pole  man  at,  per  month 76.00 

1  oiler  at,  per  clay 2. 60 

1  line  man  at,  per  day 2 .  36 

16  "tie  buckers'^  at,  per  day S2.25  and  2.60 

2  tie  spacers  ahead  of  machine,  at,  per  day 2.26 

1  man  fiddling  ties,  at,  per  day 2. 26 

6  "rust  eaters,"  handling  rail,  at,  per  day 2. 60 

1  bridle  man  at,  per  day 2. 26 

1  heel  nipper  at,  per  day 2.26 

2  strap  hangers  at,  per  day 2. 26 

1  man,   carrying   angle  bars  from   "trimmed"   car  to 

pioneer  car,  at,  per  day 2. 26 

3  steel    rollers,    rolling    rails     into    trams,     at,    per 

day 2.60 

8  tie  trammers  rolling  tics  into  trams,  at,  per  day 2. 26 

2  spike  peddlers,  distributing  spikes,  at,  per  day 2 .  26 

2  bolt  and  joint  plate  pedlers  at,  per  day 2.26 

2  "bridle  men,"  carrying  bridle  rodsj  from  rear,  at,  per 

day 2.26 

4  rear  bolters  at,  per  day 2. 26 

2  water  boys  at,  per  day 2. 26 

8  men  spacing  ties  at,  per  day. , 2.26 

1  gage  man  at,  per  day 2. 26 

32  spikers  at.  per  day S.  50 

16  nippers  at,  per  day $2.25  and  2. 60 

8  liners  at,  per  day 2. 26 

When  the  gang  Ls  smaller,  the  force  behind  the  machine  is  cut  down,  and 
70  men  would  be  organi;sed  about  as  follows: 


STEAM  RAILWA 

I  (Mcral  fonmui  at,  par  dmy 

1  MH't  [orenuui,  with  rsil  ciui«,  at.  p«  d^ 
1  an't  ronmui,  watctiiiu  trama.  at,  p«r  d 
I  iii't  foreman,  witb  nuT  1*111,  at.  pn  da; 

t  ttBA*t  fisp»m«n  nn  a^nqfal  WOTk,  at  PCt  da 

t,  p«r  month--,,-  - 


2  tie  Biiacen  at,  pw  dav. . 
e  nil  bandlera  at,  per  day 
1  bridle  Dua  at,  per  dar 

1  hael  nipper  at,  per  day 

2  Btrap  kan^ecB  at  pa  day 

1  man  carrying  ancle  ban  at,  iwr  day- . 

8  ated  rollen  at,  per  day 

8  tie  tnunmen  M.  pet  day 

2  Bptke  iieddlera  at  per  day 

S  bolt  and  Joint  pbte  peddJem  at,  pet  di 
1  laidle  rod  man  at*  pv  day- ..-.----. 

5  rew  bolten  at,  per  day.. 

1  water  boy  at,  per  day ...  - 

4  men  apasinati^  at,  pet  diy 

ISapikenat.  per  day 

6  nippeta  at,  per  day 


tuitng  the  work  from  which  the  coat  data  we 
m  about  50  to  100  men,  TQe  (2.60  laborei 
ikera)  areraged  about  40  per  cenl  of  toe  entir 
I  tollowliig  eipeiues  sere  chargeable  a^liut  t 

erbead  charge  on  machine  (interest  at  6  pet  cen 

fikey  stinnBt.' z'H  moB,',  at  iioi)'. ',!'!!!!!!!!!  ! 

nekeeper,  2W  moa.,  st  JS5 

soDiotiveandcrew,  flSdaya.  at  *40 

perviaion  and  labor 


rbia  cost  represents  the  cost  u 
e  aod  crew  at  S40  per  day.  The  latter  charg 
it  represents  a  real  part  of  the  operation  ejpe 
me  rail  was  a  00-lb.  section.  It  was  laid  on 
under  a  33  ft.  rail  on  tangent,  and  19  to  22  ti 
nta  were  mode  with  ordinary  angle  bars  wit 
ka.  The  heads  of  the  bolts  were  stBK^red. 
re  respectively  on  the  Inside  and  outside  of 
1  length  were  varied  t»  uuit  their  sizes — 18  b 
narrow  faced  ties,  on  tangents. 
Tbe  cost  of  transporting  the  machine  and  1 
eluded  bereln.  the  data  given  representing  tl 
d  the  laborers  were  on  the  work. 
An  inspector  was  employed  by  ttte  companj 
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represent  a  charge  against  the  track  by  the  railway,  it  is  not  chargeable  against 
the  contractor's  expenses. 

Grading  and  Tracldaying  with  a  Ditcher. — By  using  a  railroad  ditcher  for 
grubbing,  grading  and  for  tracklaying,  the  Potlatch  Lumber  Co.  materially 
reduced  its  construction  costs  and  at  the  same  time  dispensed  with  a  consider- 
able force  of  laborers.  The  methods  employed  on  this  work  ate  described  by 
the  Kail  way  Review,  from  which  Engineering  and  Contracting,  July  17,  1918, 
gives  the  following  abstract. 

The  main  idea  in  building  logging  roads  is  to  get  the  logs  to  the  mill  at  the 
lowest  possible  cost  and  since  the  railroad  is  only  temporary  In  character, 
considerable  latitude  is  allowed  in  the  construction  methods  used,  the  lines 
being  laid  out  to  tap  the  desired  timber  land  and  the  ditcher  put  to  work  pre- 
paring the  Bubgrade. 

Where  a  small  amoimt  of  filling  is  necessary  the  ditcher  scoops  up  the  earth 
alongside  the  line  and  dumps  it  ahead,  where  it  is  leveled  off  by  laborers. 
As  the  work  proceeds  the  ditcher  is  moved  ahead  under  its  own  steam  on  a 
portable  track  built  in  short  sections.  Three  short  sections  of  tX3ck.  are  used, 
the  ditcher  standing  on  two  while  the  third  is  picked  up  from  behind  and 
swung  around  to  the  front  with  the  boom.  Ties  10  X  11  in.  X  10  ft.  long, 
and  closely  spaced,  are  used,  and  the  sections  are  braced  with  diagonal  pieces 
of  H  by  l>2-in.  strap  iron  held  in  place  by  H-^-  wood  screws  and  extending 
from  comer  to  corner  of  the  sections.  In  case  a  deep  fill  is  required,  to  pre- 
vent too  much  of  a  sag  in  the  track  where  sufficient  earth  cannot  be  reached 
alongside  with  the  regular  dipper,  Ic^  are  pulled  in  with  the  boom  to  form 
a  portion  of  the  fill,  and  earth  is  then  placed  on  the  logs  to  build  up  the  desired 
grade.  In  localities  where  the  grading  required  is  slight  the  timber  is  logged 
off  the  right-of-way,  the  stumps  pulled  and  the  necessary  clearing  done  by  the 
ditcher  in  addition  to  making  the  fill. 

Side-hill  cuts  are  made  with  equal  facility,  the  Potlatch  Lumber  Co.  having 
recently  made  an  8-ft.  cut  300  ft.  long  on  a  6  per  cent  grade.  Fills  as  deep  as 
8  to  10  ft.  on  4  per  cent  grades  have  also  been  made. 

After  the  grade  is  completed  the  machine  is  run  back  over  the  line  and 
mounted  on  a  flat  car  with  steel  rails  fastened  to  the  deck  to  permit  the 
necessary  amount  of  shifting  of  the  machine  to  pick  up  and  handle  materials 
from  two  cars  in  rear  and  place  them  in  the  track.  In  this  manner  the  ditcher 
Ls  used  as  a  tracklaying  machine.  The  60-lb.  rails.  33  ft.  long,  are  loaded  on 
the  car  next  to  the  ditcher  and  the  ties  piled  high  on  the  second  car.  The 
dipper  boom  is  removed,  so  as  to  allow  the  use  of  the  machine  as  a  crane,  the 
only  extra  equipment  required  being  two  tie  slings  made  from  short  lengths 
of  cable  with  a  hook  at  each  end,  and  a  pair  of  rail  tongs. 

Two  men  on  the  tie  car  make  up  bundles  of  ties  which  are  picked  up  and 
swung  around  onto  the  grade  ahead,  where  they  are  distributed,  17  ties  to 
the  rail,  by  a  gang  of  six  men.  After  placing  the  ties  the  rails  are  picked  up 
from  the  car  by  center  tongs  of  a  special,  non-teetering  type,  a  man  on  the  rail 
car  hooking  them  to  the  rail.  They  are  then  swung  around  in  front  and  heeled 
into  the  angle  bars.  Two  men  also  put  on  the  bridles  to  hold  the  rails  in 
line  and  to  gage  until  spiked.  One  man  brings  the  angle  bars  forward  from 
the  front  of  the  rail  car  and  places  them  on  the  rails  and  another  man  bolts  up 
the  joints.  One  man  is  employed  to  carry  the  bridles  ah^wi,  to  be  used  aa 
fast  a.s  the  rail  is  laid  up  to  them.  These,  together  with  the  operator  and  fire- 
man of  the  ditcher,  make  a  crew  of  16  men  required  for  laying  track,  the  gang 
being  made  up  as  follows: 


3  men  on  tk  eu. 
fl  mAn  diitzibutuic  titB. 
£  null  ■ttaohinc  rail  hoi 
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1  bolter. 

2  man  to  operate  tbe  di 
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complete  the  tracklafing 
track  bare  been  laid  In  a 
on  tbe  [|ght-o(-w;iy  must 
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Cost  of  Renewing  RaiL— The  following  data  given  by  D.  A.  WaUaoe  in 
Engineering  and  Contracting.  Aug.  31,  1910,  include  various  items  of  work 
besides  rail  renewal  proper  but  all  come  within  the  same  general  classification. 

Job  i.— Relaying  58-lb.  with  85-lb.  rail,  full  bolted,  full  spiked  and  gaged, 
with  negro  labor  at  $1.25  and  foreman  at  S60  per  month,  in  May,  1906.  The 
work  was  done  by  a  gang  averaging  1  foreman,  31  men  and  1  water  boy. 
Delays  include  delays  by  trains  and  time  spent  in  trucking  badly  distributed 
rail,  etc.  The  angle  bars  were  6<-hole,  4-in.  bars.  The  work  was  full  bolted, 
full  spiked  and  completed  each  day.  Connection  for  trains  was  made  by 
using  a  short  piece  of  old  rail  cut  to  fit  and  connected  with  the  new  rail  by  a 
compromise  joint  The  average  number  of  feet  of  rail  laid  per  day  with  the 
gang  of  33,  as  noted  above,  was  1306  ft.  with  an  average  of  3.5  hrs.  delay. 

The  cost  was  $3^.33  per  100  ft.  of  tracic  or  $176  per  mile  of  track. 

Job  e. — Owing  to  the  narrow  fills  at  some  places,  and  to  the  amount  of  rock 
at  others,  it  was  occasionally  necessary  in  unloading  the  rail  to  skid  it  off  in 
piles  and  then  redistribute  it  from  the  piles  with  the  steel  gang  thus  causing 
delays.  There  were  also  a  few  delays  by  trains.  The  rail  was  66-lb.  changed 
to  70-lb.  and  all  rail  was  curved  for  curves  of  5**  and  over.  About  one-fourth 
of  the  time  was  consumed  in  curving  and  tracking  rail.  One-half  the  entire 
distance  was  curves  of  5**  and  over.  The  average  for  24  days  showed  that  a 
gang  of  19.5  men  (varying  from  2  to  53)  laid  945  ft.  of  rail  per  day  with  delays 
averaging  3.28  hrs. 

Negro  labor  was  employed  at  $1.15  and  $1.25  per  day  and  foreman  at  $75 
per  month.  For  the  first  nine  days'  work  the  rate  was  $1.15  and  for  the 
remainder  of  the  time  it  was  $1.25  per  day.  The  cost  of  the  work  was  as 
follows: 

Item  Per  ft.        Per  rail       Per  mile      Per  cent 

Unloading $0,004  $0.13  $21.05  9.8 

Curving 0.0054  0.179  28.66  18.4 

Distributing 0.003  0.097  14.69  6.8 

Laying 0.0283  0.936  149.80  70.0 

Total $0.0407       $1,342        $214.10         100.0 

Applyino  Tie  Plates. — The  tie  plates  were  applied  to  white  oak  ties  on  track 
in  service.  These  plates  were  placed  under  the  rail  and  settled  with  a  sledge. 
After  three  or  four  days  they  were  settled  completely  with  a  sledge.  During 
this  work,  there  were  an  average  of  6  braces  to  a  rail  to  remove.  White 
labor  was  employed  at  $1.10  per  day  and  foreman  at  $60.  The  best  record 
was  140  plates  per  man  per  day,  the  average  was  93  plates  per  man  per  day. 

The  cost  of  applying  each  plate  was  1.1  ct. 

Oiiging  Track. — (1)  This  record  is  of  work  done  by  season  gangs.  Tlie 
track  was  in  very  poor  gage  due  to  sharp  curvature  and  rotten  white  oak  ties. 
In  the  majority  of  cases  the  rail  was  gaged  on  each  tie.  All  old  spike  holes 
were  plugged.  Ties  were  adzed  when  necessary.  The  fOTsman  made  &  hand 
in  every  case.  There  was  an  average  of  6  braces  per  raiL  Negro  labor  at 
$1.25  and  foreman  at  $50  per  month  were  emplojred.  The  best  record  was 
275  ft.  per  man  i>er  day,  the  average  was  205.4  ft.  per  man  per  day. 

The  total  cost  of  giiging  one  mile  was  $28.30. 

2.  This  record  was  made  by  a  picked  gang.  Every  tie  was  gaged  and  holes 
plugged.  No  rail  braces  were  used  as  the  track  was  on  tangent.  The  gang 
consisted  of  1  foreman  at  $50  per  month  and  4  laborers  at  $1.10  per  day. 
On  this  work  2  men  were  placed  drawhig  spikes  and  2  men  spiking,  the  fine- 
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The  force  engaged  was  as  follows: 

Total 
daily  coet 

1  foreman  drilling  at  ^87.50 S    3.40* 

1  assistant  foreman  at  $75 2.90* 

1  timekeeper  at  175 2.90* 

2  cooks  at  $2 4.00 

40  laborers  at  $2 80.00 

1  water  boy  at  12 2.00 

2  men  drilling  at  $2.50 5.00 

1  man  wiring  at  $2.25 2 .  25 

Total  daily  cost ' $102.45 

*  On  the  basis  of  26  working  days  per  month.  It  should  be  borne  in  mind, 
however,  that  the  men  on  a  monthly  scale  rpceive  pay  regardless  of  whether  or 
not  the  rest  of  the  gang  is  working. 

The  men  drilling  and  wiring  were  engaged  in  bonding.     With  the  exoeption 
of  this  bonding  crew  and  the  timekeei)er.  the  entire  labor  force  were  Turks. 
The  material  used  in  the  work  was  as  follows: 

104  pieces  of  105-lb.,  33-ft.  new  rail. 
103  pieces  of  105-lb.,  38-in.  angle  splices. 

4  kegs  of  track  spikes. 
624  bolts  with  nuts. 

212  pieces  of  52-in.  copper  plated  bonding  wires. 
424  pieces  copper  plated  bonding  lugs. 

1  pair  105-Tb.  continuous  insuTated  joint. 
2 ,  580  wooden  tie  plugs. 

The  labor  force  left  the  bunk  houses  at  6  a.  n^,  on  hand  cars  for  Jackson 
Yards,  3  miles  distant.  They  arrived  at  the  yards  at  6: 20  a.  m.  Unloading 
hand  cars  and  preparing  for  work  took  from  6: 20  a.  m.  to  7: 00  a.  m.  From 
the  latter  hour  to  12: 30  they  were  engaged  in  laying  rail.  The  dinner  hour 
was  from  12 :  30  to  1 :  30  and  from  1 :  30  to  5 :  00  the  gang  worked  relaying  rail. 
They  left  the  yards  for  the  bunk  houses  at  5  p.  m.,  arriving  there  at  6  p.  m. 
The  above  time  includes  delays  from  various  causes  but  does  not  include  the 
time  taken  for  cutting  bolts  and  taking  apart  old  rail. 

Waiting  for  material  to  be  distributed  along  the  track  and  for  a  train  to 
pass  so  track  could  be  broken  made  22  laborers  idle  from  7  a.  m.  to  7: 30  a.  m., 
and  36  laborers  from  7 :  30  a.  m.  to  7 :  50  a.  m.  Breaking  and  closing  track  for 
continuous  traffic  amounted  to  3  hours  for  the  various  trains.  WhOe  this 
operation  does  not  make  the  men  idle,  it  delays  the  progress  of  the  work.  The 
men  are  kept  busy  spiking  and  fastening  the  rail  whieh  had  not  beeQ  com- 
pletely finished  as  the  work  proceeded.  An  accident  to  one  of  the  men  caused 
the  gang  to  be  idle  for  10  minutes. 

The  time  tests  of  the  various  operations  gave  the  following  results: 

Driving  Spikes. — It  took  one  man  15  minutes  to  drive  20  spikes.  With 
a  imit  of  one  spike  for  the  same  man  the  following  time  was  used  for  each 
spike  drive:  1  minute;  45  seconds;  30  seconds;  30  seconds;  26  seconds;  30 
seconds;  15  seconds;  30  seconds. 

Bonding. — One  man  drilling  four  holes  in  each  105-lb.  rail  with  drilling 
machine: 

Delay  in  starting         Time  from  start  to  finish  Time  to  move  to  next  joint 

4  min.  15  sec.  86  see. 

15  sec.  5  min.  40  seo.  40  mo. 

0  sec.  4  min.  25  sec.  35  te^. 


5  sec. 


25  sec.  3  min.  55  sec. 


4  min.  20  sec.  40  seo. 
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The  85-lb.  rails  used  were  second-hand,  and  the  ball  ot  eadi  was  badly 
worn  on  one  side.  It  was  therefore  necessary  to  place  the  unworn  side  on  the 
inside  of  the  track  being  laid  and  it  happened  that  many  of  the  rails  had  to 
be  turned  end  for  end  before  placing  them.  Previous  to  building  tbe  turn- 
table it  required  considerable  maneuvering  by  a  gang  of  at  least  six  men  to 
turn  one  rail.  With  the  turntable,  however,  which  is  set  up  about  18  ft.  from 
the  track  being  laid,  two  men  can  turn  a  rail  with  ease.  The  devioe  was  made 
complete  for  $8. 


WBsher 


h^MZ 


%^Rivets-^)r^ 


^ 
^ 


'^^^^fVatwipt/Ae^Ql 


l<-3*>J 
Fig.  7. — Device  eaves  much  time  in  handling  old  rails. 


Unit  Costs  for  Railway  Switches. — ^The  following  data,  relating  to  switdi 
installations  in  Detroit,  Mich.,  for  the  Michigan  Central  R.  R.,  are  gtwn  by 
A.  M.  Van  Auken  in  Engineering  and  Contracting,  Dec  17,  1919. 

Cost  of  material  in  switches  from  ledger  account. 


90-lb.  rail: 

Number  of  switches  installed 2 

Higliest  cost  per  switch $197.38 

Lowest  cost  per  switch 195. 82 

Average  cost  per  switch 190. 55 

80-lb.  rail: 

Number  of  switches  installed 88 

Highest  cost  per  switch 8274.90 

Lowest  cost  per  switch 142. 02 

Average  cost  per  switch 178 .  17 

65-lb.  rail: 

Number  of  switches  installed 24 

Highest  cost  per  switch 8222. 19 

Lowest  cost  per  switch 181 .  70 

Average  cost  per  switch 168.74 

70-lb.  rail: 

I  installed,  cost $155.54 

Cost  of  material  in  industry  tracks.     Exclusive  of  switch  material. 

Number  of  jobs 35 

Total  length  of  track  laid,  ft 80.988 

Highest  cost  per  foot $     1 .8094 

Lowest  cost  per  foot .5578 

Average  cost  per  foot .7950 
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in  hauling  ties.  Work  was  carried  on  during  the  night  of  May  7-S  in  changing 
the  sidetraclc  diamond.  Four  laborers  worlced  from  6:30  to  9:30  p.  m.,  and 
23  laborers,  5  foremen  and  1  assistant  foreman  worked  from  0  pjn.  to  6:15 
a.  m.  Three  oil  and  two  carbide  lights  furnished  illumination.  A  work  train, 
consisting  of  engine,  crane,  1  flat  car  and  1  box  car,  was  in  service  from  10 
p.  m.  to  6  a.  m.    The  charges  for  this  service  were: 

Train  crew  and  engine  crew $4. 00  per  hour 

Engine  rental 10.00  per  day 

Crane  rental 20. 00  per  day 

Crane  engineer 3 .  96 

Crane  machinist 4 .  44 

Box  car .60  per  day 

Flat  car .50  per  day 

The  day  force  on  May  8  consisted  of  5  foremen,  1  assistant  foreman  and  23 
laborers,  who  worked  from  7:30  a.  m.  to  3  p.  m.  with  pay  for  1  day,  and  2 
foremen,  and  12  laborers,  working  from  2  to  5 :30  p.  m.  In  addition  there  was 
one  team  and  driver  employed  from  10  a.  m.  to  5: 30  p.  m.  with  pay  for  1  day. 

The  equipment  consisted  of  track  tools  and  push  car. 

Work  during  the  night  of  May  8-0  was  carried  on  at  the  eaatboimd  main 
track  crossing  and  westboimd  main  track  crossing. 

The  force  consisted  of  7  foremen,  1  assistant  foreman  and  35  laborers,  who 
worked  from  10:46  p.  m.  to  6:46  a.  m.,  and  were  credited  with  pay  for  1  day. 

The  force  employed  on  May  9  consisted  of  three  foremen  and  six  laborers , 
working  from  8  a.  m.  to  11:30  a.  m.;  two  laborers,  working  from  9  a.  m.  to 
11:30  a.  m.,  and  3  foremen  and  12  laborers,  working  from  12:30  to  6:30  p.  m. 

In  the  following  summary  of  the  cost  of  histalling  the  three  crossing  dia- 
monds, with  the  exception  of  foremen,  where  rate  of  pay  shown  is  for  the  month, 
and  train  and  engine  crews  where  the  rate  is  per  hour,  the  rates  shown  are  the 
daily  wage. 

West-bound  Main  Track  Crosbino 
Labor : 

Day  of  May  8—  Total 

1  yard  foreman,  fi  day  at  $90 %    2.60 

1  assistant  yard  foreman,  ^  day  at  $75 2. 16 

4  section  foremen,  ^  day  at  $77.50 8.94 

2  section  foremen,  ^  day  at  $77.50 2.24 

20  laborers,  H  day  at  $2.25 38.75 

12  laborers,  H  day  at  $2.25 10. 13 

Night  of  May  8— 

35  laborers,  M  day  at  $2.25 89.38 

Day  of  May  ^-— 

1  yard  foreman,  H  day  at  $90 1 .  16 

2  section  foremen,  H  day  at  $77.50 1.99 

9  laborers,  H  day  at  $2.25 10. 18 

1  laborer,  M  day  at  $2.25 .76 

1  team  and  driver,  fi  day  at  $6 4. 60 

Total  labor* $117.72 

Equipment  and  Service: 

Engine  rental,  H  day  at  $10 $     6.00 

Crane  rental,  H  day  at  $20 10.00 

Flat  car,  H  day  at  50  ct .26 

Box  car,  H  day  at  50  ct .26 

Train  and  engine  crews,  4  hours  at  $4 16.00 

Crane  crew 4.60 

Total  equipment  and  service ■» $  86.10 

Grand  totalf 158.81 
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The  data  are  taken  from  records  made  on  the  mahitenance  of  Z^i  milea  of 
double  tangent  track  of  level  grade,  light  gravel  ballast,  85  lb.  rail  and  broken 
joints.  The  -heavy  traffic  was  north  bound  and  consequently  all  data  are 
based  on  the  north  bound  track,  as  the  creeping  tendency  here  was  decided. 
This  track  had  been  put  in  service  14  months  before,  and  one  mile  in  the  center 
of  the  stretch  was  anchored,  leaving  1^2  miles  on  the  north  and  one  mile  <m 
the  south  end  not  anchored.  Where  the  track  was  anchored,  640  anti- 
creepers  were  applied,  two  per  rail  length,  opposite  joints  against  opposite  end 
of  joint  ties.  The  anti-creepers  have  received  no  maintenance  and  have  shown 
no  failure*  although  they  had  been  in  service  14  months  at  the  time  ol 
inspection. 

The  character  of  the  work  done  on  the  two  pieces  of  track  in  14  months  is 
stated  in  the  columns  below: 

Anchored  track — 
Track  resurfatfed  once. 

Unanchored  track^ — 
Track  resurfaced  twice. 
Ties  spaced  twice. 
Rail  driven  back  twice. 

The  total  maintenance  cost  for  the  mile  where  the  anti-creepers  were  applied, 
including  the  cost  of  anti-creepers,  is  as  follows: 

Cost  of  anti-creepers,  640  at  17M  cts.  each $112.00 

Applying  640  anti-creepers  at  ^^  ct.  each 3.20 

Resurfacing,  10  men  working  16  days,  at  $1.55  per  day. . .     248.00 

Total $363.20 

The  total  cost  of  the  next  mile  north  of  the  mile  where  the  anti-creepers 
were  appUed,  subject  to  the  same  conditions  of  traffic,  roadbed,  etc.,  but  unan- 
chored, is  given  below: 

Cost  of  resurfacing  twice,  each  time  10  men,  16  days,  at  $1.55  per  day, 

$248 $    496.00 

Cost  of  respacing  ties  twice,  each  time  10  men,  17  dajra,  at  $1.55  per 

day,  $263.50 627.00 

Cost  of  driving  back  rail  twice,  each  time  10  men,  2  foremen,  6  days, 

at  $1.55  per  day,  $111.60 228.20 

Total $1,246.20 

This  shows  a  saving  in  14  months  of  $883  in  favor  of  the  anchored  tradL 

It  will  be  noted  that  the  original  cost  of  the  anti-creepers  and  of  their  appli- 
cation have  been  included  in  the  first  14  months.  These  coats  are  prcQMriy 
chargeable  over  the  total  number  of  years  anchors  are  in  service,  whlkcta  in  aU 
case:^  is  at  least  as  long  as  the  life  of  the  rail  (m  which  they  are  i^ipUed.  Thli 
would  make  the  saving  considerably  greater  than  has  been  estimated.  Fur- 
thermore, this  maintenance  cost  does  not  include  injury  done  to  ties,  splkM 
and  joints,  which  was  considerable  where  anchors  were  not  appUed.  as  the 
creeping  had  pulled  the  ties  badly  askew,  bending  or  completely  destroying 
the  spikes  and  often  causing  broken  joints.  Where  the  anti'Ka«epers  ^ven 
applied,  this  wear  and  tear  were  hardly  worth  considering. 

The  above  figures  were  obtained  directly  from  the  railway,  and  the  rosd- 
master  stated  that  he  could  have  maintained  this  3H  miles  of  track  in  bettsr 
shape  with  three  men  less  per  year  had  he  been  allowed  to  anchor  the  balance. 

Railway  Maintenance  Cost  is  Increased  by  Fast  Passenger  Trains. — ^The 
following  note  is  taken  from  the  Engineering  News-Record,  April  26,  1018. 

Speed  of  trains  affects  the  cost  of  maintenance  of  way  and  stiucturet  to  tbs 
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For  a  4-tool  machine  the  comparison  between  hand  tamping  and  mechanical 
tamping  was  as  follows: 

Hand  gang  and  foreman,  16  men,  8  hours,  tamped  500  ft.  of  track;  Tnii/»hii^«> 
gang  and  foreman,  6  men,  8  hours,  tamped  528  ft.  of  track;  saving  of  10  men 
and  80  hours  for  machine. 

Expense:  Hand  gang  and  foreman,  16  men,  $43.50;  machine  gang  and 
foreman,  6  men,  $18.50  (cost  to  run  $6.05);  $24.45;  saving  by  machine, 
$18.05. 

Fixed  charges  are  given  as  follows  as  near  as  it  is  possible  to  get  them: 
Depreciation  at  10  per  cent,  interest  5  x)er  cent,  repairs  5  per  cent,  total  fixed 
charges  20  per  cent. 

Experience  during  the  four  years  this  machine  has  been  in  use  teacheB 
that,  under  normal  conditions  in  the  northern  states,  each  machine  will  be 
used  during  the  season  to  tamp  about  20,000  ties. 

Handling  Cinders. — At  one  cinder  pit  where  crane  is  used  the  cost  of  load- 
ing cinders  for  a  year  was  $0,007  per  yard,  while  at  a  pit  where  cinders  were 
loaded  by  hand  the  cost  was  $0.13  per  yard. 

Cost  of  unloading  cinders  by  hand,  16  cts.  per  yard ;  by  dropping  bottoms, 
Rodgers  ballast  cars  7  cts.  per  yard;  steel  gondolas,  7  cts.  per  yard. 

Comparative  statement  of  leveling  cinders  by  hand  and  by  the  use  of* 
spreader:  In  H  hour  a  spreader  has  leveled  3,000  yds.,  costing  less  than 
$0,001  per  yard.     To  do  similar  work  by  hand  cost  $0,123  per  yard. 

Rail  Handling  Machines. — As  much  new  rail  is  received  in  high-side  coal 
cars  it  has  become  absolutely  necessary  that  some  mechanical  device  be  used 
for  unloading  it.  Not  on  account  of  the  labor  shortage  alone,  but  to  avoid 
damage  to  rails  by  dropping  or  rough  handling,  is  such  a  device  needed. 
The  constant  demand  for  quick  release  of  cars,  the  high  cost  of  work  trains, 
and  the  few  hours  of  actual  work  on  a  line  of  heavy  traffic  require  a  device 
that  will  work  rapidly  with  a  maximum  factor  of  safety  to  laborers. 

There  are  rail-handling  machines  in  use  which  are  capable  of  loading  or 
unloading  two  cars  of  rail  at  the  same  time.  For  the  operation  of  these 
machines  nine  men  are  required,  one  man  to  operate  hoists  and  four  men  to 
each  car  of  rails.  The  machine  is  operated  by  air  from  the  train  line.  Sudi 
machines  will  unload  rails  more  quickly  and  without  damage  to  rails  or  injuiy 
to  men  than  could  be  accomplished  by  40  men  by  hand,  thus  a  saving  of  31 
men  a  day  is  made  possible.  This  machine  can  also  be  equipped  with  tongs 
to  load  or  unload  as  many  ties  with  three  men  as  can  be  loaded  or  unloaded  by 
20  men  by  hand. 

Snow  Melting  Devices. — The  committee  is  not  unanimous  in  its  views  as  to 
the  benefits  to  be  derived  from  snow  melting  devices.  The  following  lewlU 
were  submitted  by  one  of  the  members: 

Two  laborers  at  $3.80  per  day,  $7.60;  royalty  on  cars,  $5  per  year  (used 
about  5>2  months.  2  cars),  6  cts.  per  day;  6  gal.  hydro-carbon  fluid  at  11  cts. 
per  gallon,  66  cts. ;  total  cost  with  melting  device,  $832. 

If  done  by  hand:  Foreman  at  $3.35  and  10  laborers  at  $2.80,  total  $31.30; 
6  rattan  brooms  at  28  cts.,  $1.68;  total  cost  by  hand,  $33.03.  Saving  by  use 
of  device,  $24.71. 

Another  device  which  can  be  used  successfully  for  the  same  purpose  is  tbe 
Hauck  snow  melting  torch. 

Motor  Cars. — The  majority  of  the  committee  is  in  favor  of  the  more  genenl 
use  of  motor  cars,  particularly  on  lines  of  light  traffic,  where  the  length  d 
sections  are  such  as  to  warrant  their  use.    Therefore  it  is  the  oommlttee'^ 
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opinion  that  the  economy  in  the  use  of  motor  cai^  decreases  In  proportion  to 
the  additional  number  of  main  tracks,  which  in  turn  shoitens  the  lMi|^  <rf 
sections.  It  has  obtained  the  following  figures  showing  the  economy  eBeded 
by  the  use  of  motor  cars: 

Time  spent  in  carrying  14  men  and  foreman  by  motor  oar  14  miles,  ao 
minutes;  for  round  trip,  1  hour,  or  total  of  15  hours.  Time  spoit  tor  round 
trip  by  hand  car,  3  hours,  or  a  total  of  45  hours,  showing  a  saving  of  30  bodrs 
in  favor  of  motor  cars.  There  is  still  a  larger  saving  in  the  increased  energy 
of  the  men  when  they  arrive  on  the  job,  in  the  better  cdass  of  labor  attadied, 
and  in  the  time  saved  on  emergency  jobs. 

The  Horse  as  a  Lahor-sater. — On  divisions  where  much  ditching  must  be 
done  by  work  trains  or  wheelbarrows,  teams  with  scrapers  have  been  tried* 
with  the  following  results :  One  laborer  can  fill  scrapers  for  2  to  4  teams,  accord* 
ing  to  the  distance  and  advantage  of  working.  Two  horses  can  easily  handle 
a  No.  1  scraper,  which  holds  7  cu.  ft.,  and  moves  at  a  2-mUe-an-hour  rate, 
with  some  delay  for  filling,  turning  and  diunping  scrapers. 

One  horse  of  good  weight  can  handle  a  No.  2  scraper  of  5  cu.  ft.,  and  after 
teams  are  trained  a  boy  not  able  to  do  heavy  manual  labor  can  drivfe  a  team, 
or  when  in  a  narrow  ditch,  and  one  horse  is  used,  one  boy  can  take  two  fllqg^ 
horses  with  a  scraper.  Dirt  can  be  handled  in  very  short  cuts,  at  tlie  ends  of 
cuts  and  across  the  track,  for  20  cts.  to  25  cts.  per  yard,  and  haul  it  500  to  600 
ft.  for  50  cts.  to  60  cts.  per  yard — ^this  with  teams  at  80  cts.  an  hour  and  labor 
at  85  cts.  an  hour.  By  starting  teams  early  in  the  season,  with  an  experienced 
man  in  charge  to  handle  them,  all  ditching  can  be  done  and  balance  of  gang 
left  on  other  track  work.  Teams  can  also  be  worked  in  muddy  cuts  wHere 
men  won't  work.  ' 

Where  conditions  of  mowing  right  of  way  are  such  that  it  is  possible=io  use 
teams  and  mowing  machines  the  work  can  be  done  by  machinery  miKih  dieaper 
than  by  manual  labor. 

Ditching  Machines,  Dump  Cars  and  Spreaders. — ^When  heavy  ditching  has 
to  be  done  the  use  of  steam  ditchers  is  recommended,  together  with  the  use  of 
at  least  two  16  to  20  yd.  side-dump  cars  and  a  spreader  car  for  short  hauls. 
For  a  longer  haul  from  4  to  6  sfde-dumps  should  be  used.  A  lig^t  locomotH^ 
can  be  assigned  to  handle  this  outfit,  and  with  an  outfit  of  this  kind,  which 
includes  a  train  crew,  ditcher  engineer  and  fireman,  dirt  can  be  handled  for 
10  cts.  to  25  cts.  per  yard,  according  to  the  length  of  haul. 

Through  long  usage  the  steam  ditcher  and  spreader,  especially  when  the 
latter  is  operated  by  air,  has  reached  such  a  high  state  of  eificiency  that  they 
are  practically  indispensable,  and  the  fact  that  they  can  be  used  for  matly 
different  varieties  of  work  places  them  among  the  most  important  labor* 
saving  devices, 

A  saving  of  at  least  60  per  cent  over  that  of  manual  labor  is  obtained  by 
using  a  No.  3  crane  for  removing  ballast  from  between  tracks,  in  preparing  for 
stone  ballast,  digging  drains  under  tracks,  unloading  old  ballast  on  fills,  to 
strengthen  shoulder  and  fill  up  holes,  load  and  unload  rails,  and  for  various 
other  purposes. 

The  magnet  is  used  very  successfully  to  load  and  unload  scrap  of  various 
kinds.  This  machine  is  capable  of  picking  up  six  or  eight  33-ft.  raifai^  as 
rapidly  as  it  will  one,  and  eliminates  handling  the  rails  by  hand,  and  redufees 
to  a  minimum  the  liability  of  injuring  men.  ' 

Labor  Saving  Equipment  Employed  in  Track  Maintenance  by  B.  •&.  O.  R. 
R. — The  following  data  are  taken  from  an  abstract  of  a  paper  presented  before 
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the  New  England  Railroad  Club  by  £.  Stimson  and  published  in  Engineering 
and  Contracting,  Jan.  15,  1919. 

Ditehinff  machinet  of  the  "American  and  Bamhart"  types  are  well  adapted 
to  the  uses  of  a  steam  derrick  within  the  limits  of  their  lifting  capacity,  and 
are  of  great  use  in  unloading  and  loading  rail,  ties,  timbers,  etc.  With  a 
clam  shell  bucket  substituted  for  the  dipper  arm  their  uses  are  still  further 
extended. 

Each  of  these  various  uses  of  this  machine  results  in  a  great  saving  in  man- 
power, the  best  example  being  that  of  ditching.  The  loading  capacity  Is 
about  60  cu.  yd.  per  hour  in  ordinary  material.  It  would  require  100  men  to 
load  this  amount  by  hand.  As  it  requires  but  5  men  to  operate  the  diUdier, 
the  large  saving  is  evident.  In  handling  rail  6  men  and  the  ni<u»hinft  will 
readily  do  the  work  of  40  men. 

The  Use  of  Horses. — We  have  found  that,  including  plowing,  a  l-horse 
scoop  and  driver  working  in  a  clay  cut  averaging  4  ft.  in  height,  and  wasting 
the  material  on  top  of  the  cut,  can  handle  45  cu.  yd.  in  9  hours.  Another 
man  Is  required  for  dressing  up  the  ditch.  The  two  men  and  one  horse,  there- 
fore, do  the  work  of  at  least  10  men.  Up  to  a  300-ft.  haul  the  wfaeelbanrow 
is  a  good  proposition  as  compared  with  other  methods.  While  these  methods 
may  not  show  great  economies  over  the  steam  ditcher  and  work  train,  and  do 
require  much  greater  time  for  completion,  they  are  to  be  recommended  where 
the  matter  of  quick  completion  is  not  vital.  They  require  but  a  smaU  number 
of  men  and  give  steady  emplosrment,  which  promotes  efficiency.  With  4be 
intense  traffic  conditions  prevailing  and  the  great  demand  for  train  crews 
and  engines  to  handle  the  business  it  is  most  desirable  to  release  a31  the  work 
train  service  possible.  The  cost  of  this  service  has  increased  about  40  per 
cent  during  the  past  year  and  nearly  100  per  cent  in  the  past  10  years.  These 
considerations  make  it  desirable,  both  from  necessity  and  from  the  standpoint 
of  economy,  to  adopt  methods  to  reduce  work  train  service. 

Rail  Handler. — ^A  home-made  device  which  has  proven  a  great  laboiHUhver 
is  an  air-operated  rail  handler.  With  it  a  gang  of  six  men  and  a  foreman  wUl 
load  one  rail  per  minute.  By  hand  methods  20  men  will  load  1  rail  OToy  3 
minutes  on  to  flat  cars  and  one  rail  every  6H  minutes  on  gondolas.  TUb 
machine  is  also  used  for  handling  frogs,  switches,  ties,  acn^  and  other  main- 
tenance materials  with  proportionate  labor  savings. 

Pneumatic  Tie  Tamping  Machines  on  Track  Work. — ^More  labor  Is  used  in 
surfacing  and  lining  of  track  than  on  any  other  item  of  track  work.  Normally 
this  will  amount  to  about  35  per  cent  of  the  total  track  iNiyrolL  This  offsn 
an  attractive  field  for  labor  saving.  About  four  years  ago  pneumatic  tie 
tamping  machines  were  introduced  for  this  worlc  The  earUer  machines  wen 
limited  to  two  tampers,  but  the  later  ones  have  the  necessary  power  to  operate 
four  tampers  with  a  coasequent  reduction  in  overhead  and  operating  ezpensM. 
Our  exi)erience  indicates  that  with  a  2-tool  machine  5  men  do  the  work  of  9 
men  tamping  with  picks  and  with  a  4-tool  machine  7  men  will  do  the  work  of 
17  men  without  them.  There  is  also  an  indirect  saving  made  by  the  mon 
unifonn  and  permanent  work  done  by  the  tamper,  requiring  less  frequent  re* 
tamping  than  when  the  work  is  done  by  hand. 

Ballast  Clennina  Appliances. — Stone  ballast,  to  be  fully  effective,  must  be 
kepi  clean  and  the  voids  unclogged.  Where  traffic  is  heavy,  particularly  oa 
grades,  stone  ballast  will  require  cleaning  at  least  once  in  three  years  and  fa 
many  places  much  oftener.  To  raise  the  track  on  dirt  ballast  and  draai  off 
with  clean  stone  is  poor  practice,  and  to  clean  it  by  forking  it  over  la 


expenaive,  and  lequires 
cleaning  ballast  bave  tx 
which,  on  account  of  cos 
tical  Is  th«  ballast  screen 
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forks.  Ihls  length  of  traci 
men  with  forks  to  do  Ihi 

ReTHOvaJ  ofOrass  dnd  \ 
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more  or  less  etTective  aa  ' 
of  arsenlle  of  soda. 

About  10  I'sars  ago  a 
A  strip  T  ft.  on  each  side 
of  >B.46  per  mile.  Two  I 
tbe  coat  would  be  S18.0 
save  14  men  per  day. 

The  spraying  method  I 
ing  744  miles  of  single  t 
crew  the  work  was  done 
day's  work  by  hand  whe 
men  would  be  required  a 
In  men  is  thus  elTected,  I 

Con  of  Clcaoiai  Wee< 
following  records  in  Eng 

The  cleaning  of  weeds 
meii  getting  (1.10  perdik 
the  weeds  were  removed 
ahead  with  picks  and  lo< 
and  grass  by  hatidn  each 
able  crab  and  Bermuda  \ 
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the  record  Is  of  one  man 
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1.  Rock  ballasl.  weedj 
Number  of  feet 


Number  of  days 

Feet  per  man  per  day 

10 

14 

5 

12 

174 
315 
552 
630 
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3.  This  work  was  in  gravel  ballast  and  the  weeds  were  very  thick.  One 
man  cleaned  210  ft.  in  one  day.    The  cost  per  mile  was  $19.40. 

4.  Gravel  ballast,  weeds  medium  thick: 

Number  of  feet 

1,740 
4.410 
2.760 
7,560 

Average 417 

The  cost  per  mile  was  $15.30. 

Records  of  Work  in  Surfacing  and  Smoothing  Track. — The  following  data 
are  given  by  D.  A.  Wallace  in  Engineering  and  Contracting,  July  27,  1910. 

1.  In  this  work  dirt  surface  track  was  stripped  and  stone  ballast  unloaded 
from  Rodgers  bottom  dimip  ballast  cars.  The  raising  was  done  with  a  spot- 
board  and  four  or  five  days  later  the  second  raise  of  a  3  or  4-in.  surface  was 
made  with  tamping  picks.  The  record  for  20  days — ^first  raise  7  ins.  in  rock 
from  stripped  dirt  track  shovel  tamped  with  Italian  labor — ^was  as  follows: 

Ft.  per  man 
per  day 

Max 30 

Min 18 

Average 26 

2.  This  work  consisted  of  surfacing  track  4  ins.  in  rock  on  top  of  a  6-in. 
raise  where  ties  had  been  renewed  at  the  rate  of  about  7  per  rail  length.  The 
work  included  spacing  and  gaging.  The  record  for  7  days  with  negro  labor 
was  as  follows: 

Ft.  per  man 
per  day 

Max 33 

Min 16 

Average 22 

3.  This  work  consisted  of  surfacing  track  3  ins.  in  rock  on  top  of  a  7-in. 
raise  where  ties  had  been  renewed  at  the  rate  of  about  7  to  the  rafl  length-* 
The  record  for  7  days  with  negro  labor  was  as  follows: 

Ft.  per  man 
per  day 

Max 26 

Min 12 

Average 20 

4.  On  this  work  new  rail  had  been  laid  on  track  which  was  in  very  poor 
surface.  In  order  to  keep  the  new  rail  in  good  condition,  a  3-in.  Btone  surface 
was  necessary.  Suilicient  stone  for  the  raise  was  taken  from  the  shoulderB 
of  the  ballast  then  in  place.  The  surfacing  was  done  immediately  after  rafl 
renewal.    The  record  for  8  days  with  negro.labor  was  as  followi: 

Ft.  per  man 
per  day 

Max 81.6 

Min 21 . 1 

Average 84.8 
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Section  2. — Made  one  raise,  pick-tamping  heads  of  ties  and  shovel-tamping 
insides  except  14  ins.  at  centers.  The  track  surfaced  on  one  day  was  dressed 
the  next  day.    The  record  of  17  days  for  surfacing  was  as  follows: 

Ft.  per  man 
per  day 

Max 64 

Min 37 

Average 48 

With  a  gang  of  6  men  1  mile  is  surfaced  in  18  days. 

The  record  of  7  days  for  dressing,  working  a  gang  of  7  men,  was  as  follows: 

Ft.  per  man 
per  day 

Max 100 

Min -. 77    • 

Average *  89 

With  a  gang  of  7  men  1  mile  was  dressed  in  8  days. 

Section  3. — The  track  surfaced  by  this  gang  was  shovel  tamped  heads  and 
inside.  After  an  interval  of  3  days  the  gang  went  back  over  the  raised  track 
and  caught  up  low  joints  with  picks  and  put  up  the  track  complete.  The 
record  of  10  days  for  surfacing  was  as  follows: 

Ft.  per  man 
per  day 

Max 110 

Min 55 

Average ; . . .  74 

With  a  gang  averaging  4>i  men  1  mile  was  surf&oed  In  16  days. 
The  record  of  smoothing  for  10  days  was  as  follows: 

Ft.  per  mas 
per  day 

Max .-.        88 

Min 45 

Average 50.5 

With  a  gang  averaging  5>2  men  ^  mile  was  smoothed  in  16  days. 

In  dressing  the  foreman  sent  3  men  back  to  work  alone;  the  record  for  8  days 

was  as  follows: 

Ft.  per  man 
per  day 

Max 250 

Min 75 

Average 183 

This  gang  of  3  men  dressed  1  mile  in  15  days. 

Extra  Gang. — This  gang  made  a  5-in.  raise  shovel  tamped  ties  on  flnt  lalse 
and  after  3  or  4  days  went  back  over  the  work  picking  up  low  places  with  the 
pick.  The  gang  made  an  average  of  70  ft.  per  man  per  day  on  the  first  raise. 
With  a  gang  of  25  men  1  mile  of  track  was  raised  in  3  days. 

A  gang  of  17  men  averaged  100  ft.  per  man  per  day  smoothing  up  flnt  rain, 
smoothing  up  1  mile  in  3  days. 

A  gang  of  10  men  dressed  an  average  of  55  ft.  per  man  per  day  or  at  a  rata 
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to  the  shoulder  after  having  been  loosened  by  plows.  The  embankment  aver- 
aged 4  ft.  in  height. 

The  average  for  a  4.1  in.  raise  was  22.7  ft.  per  man  per  day. 

Cost  of  Stopping  Trains — When  it  is  Cheaper  to  Install  Interlocking  Signals. 
— (Engineering  and  Contracting,  Nov.  16,  1910.) 

Under  the  laws  of  Canada,  all  trains  are  required  to  come  to  a  full  stop 
before  crossing  another  railway  at  grade.  C.  L.  Hackett,  in  an  article  on 
railway  signaling  in  the  Canadian  Engineer,  shows  that  the  installation  M 
interlocking  signals  is  an  actual  saving  in  operating  expenses  when  trains 
reach  a  certain  number.  The  following  figures  are  based  on  the  results  secured 
by  Mi.  Peabody.  signal  engineer  of  C.  &  N.  W.  Ry.,  who  having  experimented 
with  different  trains,  concluded  that  the  cost  of  stopping  and  again  acceler- 
ating a  train  to  its  original  speed  average  45  cts.  per  train.  The  interlockiDg 
plant  considered  is  for  a  single  track  crossing,  where  16  levers  would  be  re- 
quired. A  day  and  night  towerman  would  be  required,  and  the  following  is 
the  estimated  annual  cost: 

Cost  of  interlocldng,  complete $4,800.00 

Interest  at  4  % 192.00 

Depreciation  at  7  %. 336.00 

Maintenance,  per  year 240 .  00 

Operation,  per  year ■•. 1 ,200. 00 

Total  cost  per  year $1 ,968.00 

The  following  table  shows  the  saving  brought  about  by  such  a  plant  as 
compared  with  stopping  trains  for  14,  20  and  25  trains  per  day: 

Cost  of  Years  required  to  pay 

interlocking.     Net  saving,       for  installation 
per  year  per  year  from  savings 

$1,968  $         3.00 

1.968  849.00  6H 

1,968  1,553.00  5 

It  is  apparent,  from  this  table,  that  14  trains  a  day  in  this  case  would  justify 
the  installation  of  the  plant,  aside  from  the  savings  due  to  increased  safMy. 

Cost  of  Turntables. — Table  VII  is  complied  from  data  taken  from  a  oam- 
mittee  report  to  the  American  Railway  Bridge  and  Building  Association  and 
published  in  Engineering  and  Contracting,  Nov.  6,  1912. 

The  total  cost  of  turntables  varies  greatly  with  the  type  of  constructioa 
and  kind  of  excavation  and  to  a  lesser  degree  with  the  weight  of  engines  for 
which  the  table  is  designed. 

The  cost  of  excavation  and  foundations  for  the  through  girder  type  is  less 
than  for  the  deck  type.  However  the  steel  for  the  through  type  is  moie 
expensive  than  the  deck  type. 

A  fair  average  cost  of  turntable  complete  with  foundations.  Including  pit 
with  concrete  wall  and  paved  floor  (in  1912)  was  $100  per  Un.  ft.  of  diameter. 
Thus  a  75  ft.  turntable  cost  $7500,  an  80  ft.  table  cost  $8,000  and  a  100  ft.  table 
cost  $10,000. 

The  cost  of  the  table  with  center  cost  about  $40  to  $50  per  Un.  ft.  of  radius. 

The  cost  of  mechanical  tractor  of  electric,  compressed  air  or  gasoUne  motor 
type  averaged  about  $1,150  per  installation. 

The  above  costs  have  about  doubled  in  1920. 
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Tbe  accompanying  ti 
detail  at  2  interlocking  i 
protect  a  grade  crossing 
other,  with  power  distai 
mute  locking.  This  me 
spaces,  and  as  there  was 
the  tower  was  made  sim] 
the  coat  of  this  plant  are 

The  other  was  a  plant  1 
with  a  number  of  switchi 
macblDe  had  47  working 
plant  1;ad  two  power  dls 
electric  lacking.    Details 

In  both  cases  the  towei 
same  contractor.  He  fu 
Including  the  foundation 
hot  »Blei  heaters  which 
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flrst  case  tbe  railroad  lin< 
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Table  Vlll.— Detail    C 
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Table  YLll.— Continued 

104  solid  jaws,  R.  S.  A.  standard .61  68.44 

10  screw  jaws,  R.  S.  A.  standard .81  8.10 

1  pipe  lug,  R.  S.  A.  standard .86  .86 

10  point  adjusting  screws  (turn  buckles) 1 .  22  12.20 

2  complete  layouts  for  Wharton  derail  with  facing  point 

lock 41.25  82.50 

2  complete  layouts  for  Wharton  derail  with  switch  and 

lock  movement 48.25  06.50 

2  one  blade  pipe  connected  home  signals 65.00  130.00 

2  two  blade  pipe  connected  home  signals 86.00  172.00 

4  electric  distant  signals 187 .  50  750.00 

2  electric  time  locks 30.00  60.00 

2  hand  releases 25. 00  50.00 

2  4  ohm  indicating  relays 11 . 50  46.00 

4  500  ohm  relays 19.00  76.00 

4  circuit  breakers  for  machine 9.00  86.00 

4  floor  pushes 1.95  7,80 

1  large  relay  case  for  tower 14.00 

4  commutators  for  home  signal  poles  with  operating  rods.  10. 50   .  42.00 

4  electric  locks  for  machine 22.50  00.00 

8  6M"  red  roundels .68  5.44 

4  8^"  red  roundels 1.05  4.20 

4  SH"  yellow  roundels .70  2.80 

4  8^"  green  roundels .70  *  2.80 

4  6>^"  green  roundels .40  1.60 

8  3"  purple  roundels .13  1.04 

60  lbs.  )^"  X  1  Me"  pipe  rivets  (cwt.) 3.21  1.61 

7,000  ft.  1"  signal  pipe  R.  8.  A.  standard .056  885.00 

10  R.  S.  A.  standard  semaphore  lamps 3.60  86.00 

90  cast  piers  for  cranks,  compensators  and  deflecting  bar 

foundations .70  63.00 

180  bolts  for  same  ^"  X  2H" 04  7.20 

325  8"  X  12"  X  24"  concrete  blocks  for  pipe  line  founda- 
tions   .30  07.50 

650  hook  bolts  for  same .08  62.00 

300  6  way  metal  bases  for  pipe  carriers .45  185.00 

35  1  way  metal  bases  for  pipe  carriers .18  6.80 

2,600  H"  X  IM"  carriage  bolts  (C) 56  14.56 

75  bbls.  Portland  cement 2. 16  161 .85 

87  yards  concrete  gravel .30  26. 10 

32  hook  bolts  1"  X  36"  for  signal  pole  foundations .12  8.84 

2  right  hand  Wharton     derails 35.00  70.00 

2  left  hand  Wharton  derails 35.00  70.00 

8  pes.  oak  10"  X  10"  X  12'  \  ,  ^on^  >,  im  m  ni  nx 

2  pes.  oak  10"  X  10"  X  14'  /  ^'^^^   ^^ ^'^  ^^'^ 

20  gals,  pipe  line  paint  (mixed)  gal 1 .  15  23.00 

K  gal*  red  signal  paint  (mixed) 2.40  .00 

^  gal*  green  signal  paint  (mixed) 2.40  .60 

^  gal.  yellow  signal  paint  (mixed) 2.40  .80 

2  gals,  lard  oil .44  .88 

12  gals,  black  oil .08  .96 

3  lbs.  graphite .10  .80 

3  quires  fine  emery  cloth .20  .60 

2  tons  blacksmith  coal 4.50  0.00 

33,000  ft.  copper  telegraph  wire — 1,315  lbs .15  107.25 

.50  8  ft.  6  wire  cross  arms .50    ■  86.00 

50  pairs  cross  arm  braces  (C) 5.70  3.86 

150  cross  arm  pins  (C) 8. 60  6.85 

150  glass  insulators  (C) 8.46  B.17 

50  through  bolts  (C) 2.68  1.80 

4  small  concrete  battery  wells 12.00  48.00 

1,200  ft.  trunking  1^4 "  groove  with  capping .04  48.00 

200  croosoted  stakes  3"  X  4"  X  3' 15  80.00 

50  croosoted  stakes  3"  X  4"  X  4' 17  8;.Ji0 

75  crooHoted  stakes  3"  X  4"  X  8' 86  80.85 

4,500  ft.  No.  12  rubber  covered  wire  (M) 31.60  04^75 

1,000  ft.  No.  8  rubber  covered  wire  (M) 86.60  86.60 

50  ft.  No.  12  flexible  rubber  covered  wire  (M) 88.00  .1.10 


24  lightoiiu  aneBton^ . .  - . , 
12  iDBUlHted  truck  joiats. . . 
1  battery  cupboard  for  low 


a  cellB  BTBvity  battery 

Z  battery  ehutw 

lOlba.  Holder 

5  lbs.  fmtion  ta^ 

5  IbV'  DOveiins  tape,,..  . .  . 
2  Iba.  loldering  paate. ..." 
100  porcelain  cleata  for  insi 

1  operator*!  table. ........ 

2  vail  lampe  for  tower  (doi 

1  frame  for  manipulktioDc: 
1  rubber  mat,  3  ft.  by  9  ft. 

Total 

Tabu  IX. — Ditail  Cost  ■ 

Malerii  iot  healer 

Labor,  eicnaliaeo  puttini  i 
1  mterto^iug  machine  wi 
per  lever  and  *9. SO  per. 
42  veHieal  00°  deflectiiiE  bt 
42  horiiontal  OO'deRectine  I 
22  eiH'  deflectins  bars. . . 
14  22H°  deflectinB  ban. . . 
BOH.  8.  A.  llJi-'^eranks.. 

40  I  way  pipe  carriers....'.' 


3.200  bottom  rollen. . . 

3.200  Btrape 

3.700  ^l.^^XMi'-eprii 


tmali  batiety  wells... 


:S5j;s 


23  H,  S,  A.  aei 
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-  cranks  t 
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Tablb.  IX — Continued 

760  Ji"  X  2H"  bolts  for  same 04  80.40 

650  8^'  X  12"  X  24"  concrete  foundations 30  196.00 

1,300  %"  hook  bolts  for  same .08  104.00 

60  one  way  metal  pipe  carrier  bases .18  10.80 

60  two  way  metal  pipe  carrier  bases .24  12.00 

20  three  way  metal  pii>e  carrier  bases .27  6.40 

20  four  way  metal  pipe  carrier  bases .35  7 .00 

400  six  way  metal  pipe  carrier  baSes .46  180.00 

.  110  eight  way  metal  pipe  carrier  bases .66  60. 50 

7.300  >1"  X  IH"  carriage  bolts  (C) 66  40.88 

600  ft.  B.  M.  l**  common  pine  for  frames  (M) 28.00  14.00 

150  bbls.  cement 2.16  822.50 

180  yards  gravel .30  64.00 


n 


:SS 


160  >i"  X  5"  lag  screws  (C) 86  1.36 

36  V'  X  36"  hook  bolts 36  12 

360  H"  X  36"  hook  bolts 23  80 

20  ^'^  X  6"  machine  bolts 06  1.20 

25  H'  X  10"  machine  bolts 07  1.75 

100  H"  X  12"  machine  bolts .09  9.00 

3  Wharton  derails 36.00  106.00 

2Haye8deraib 12.60  26.00 

12  pes.  oak  10"  X  10"  X  10'  I  «  qon  ff   vr                              an  nn  ao  nn 

13  pes.  oak  10"  X  10"  X  12'  /  ^'^^  ^^' ^ ^'^  °®*~ 

20  steel  track  ties 2. 50  60.00 

34  rail  braces .27  9.18 

40  lbs.  pipe  rivets,  H"  X  Me"   (cwt.) 3.21  1.28 

40  gals,  pipe  line  paint 1 .  16  46.00 

25  lbs.  ground  white  lead .07  1.75 

10  gals,  boiled  linseed  oil .40  4.00 

10  gals,  black  paint  (mixed) 1 . 50  15.00 

gal.  red  paint  (mixed) 2.40  .60 

gal.  green  paint  (mixed) 2.40  .00 

gal.  yellow  paint  (mixed) 2. 40  .60 

yi  gal.  blue  paint  (mixed) ,25 

10  gals,  black  oil % .08  .80 

2  gals,  lard  oil .44  .88 

2  lbs.  graphite .10  .20 

2  tons  blacksmith  coal 4.50  9.00 

3  quires  emery  cloth .20  .00 

48,000  ft.  copper  telegraph  wire,  1,920  lbs .16  288.00 

60  10  ft.  8  wire  crossarms .70  86.00 

60  pairs  crossarm  braces  (C) 6.70  2.86 

60  through  bolts  (C) 2.58  1.29 

325  glass  insulators  YC) 8.45  11.21 

325  crossarm  pins  (C) 8.50  11.38 

08  cells  caustic  soda  battery 1.91  187. 18 

1  battery  cupboard  for  tower 7. 00 

1,000  ft.  trunking  1^"  groove 04  40.00 

100  creoeoted  stakes  3  ft.  long .16  16.00 

3,600  ft.  No.  12  rubber  covered  wire  (M) 21.50    .  77.40 

4  lbs.  friction  tape  (C) .80   '  .03 

6  lbs.  covering  tape  (C) .50  .OS 

1  lb.  soldering  compound .50  .50 

6  lbs.  solder .20  1.20 

25  lbs.  8d  nails  (C) 2.80  .58 

30  lbs.  20d  nails  ((J) .  .• 2.20  .60 

15  lightning  arrcstors 1 .  25  18.75 

24  porcelain  cleats .45 

1  operator's  table 9.00 

1  rubber  mat,  3  ft.  by  22  ft 7.70 

1  tower  lamp 8. 60 

1  clock 12.60 

2  tower  indicators 15.00  80.00 

4  electric  locks  for  back  locks  of  distant  signals 21.00  84.00 

2  mechanical  time  locks  with  attachments 60.00  120.00 

"*  circuit  breakers  for  machine 9. 00  08.00 

Total $10,200.26 
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One  2-bladed  station  signal  complete  with  lamp,  table  levers  and 

connections S  74 .  00 

Concrete  for  foundation 6.00 

Labor 20.00 

Total $100.00 

If  Buch  a  signal  has  to  be  placed  across  the  track  or  any  distance  away  from 
the  station,  allowance  must  be  made  for  such  fact. 

Automatic  Block  Signals. — The  cost  of  automatic  block  signals  varies  with 
the  number  of  signals  used,  the  type  of  signal  and  the  niunber  of  switches  to  be 
insulated. 

Straight  track  circuit  (i.e.,  for  unbroken  track)  may  be  considered  as  a 
constant  and  costs  $256.00  per  mile.    This  cost  is  shown  in  detail  in  Table  XI. 

Tablb  XI. — Detail  Cost  of  I-Milk  Track  Czscurr 

700  bond  wires $     .OlH  $10.50 

1,500  channel  pins  (M) 6.50    '  9.76 

2  battery  chutes 10. 60  21 .00 

6  celb  gravity  battery .85  6. 10 

105  ft.  trunking 05  6.26 

QQ  afnIcAA  16  A   ASt 

150  ft.  No.  8  rubber  covered  wire  (M). . .. . .                           30.00  4!60 

16  ft.  No.  6  bare  copper  wire .48 

2  relay  boxes  and  poets 28. 00 

2  relays 87.00 

H  yard  concrete  (for  foundations  of  relay  boxes) 8 .  60 

4  insulated  joints  (each) 5.26  21 .00 

Paint,  tape,  solder  and  nails 2.80 

Labor  bonding,  350  joints  (each) .06  21 .00 

Labor  putting  in  insulated  joints 4 .  60 

Labor  setting  batter  chutes,  trunking  and  wiring  for  same 32.60 

Labor  setting  relay  boxes  and  relays  and  wiring  same  to  track 46.00 

Total $256.36 

Bach  switch  in  the  circuit  must  be  insulated  and  equipped  with  a  switch 
indicator.  The  itemized  cost  of  1  switch  indicator  is  shown  in  Table  XII 
and  that  of  1  signal  in  Table  XIII. 

Tablk  XII. — Detail  Cost  of  1  Switch  Indicatob 

.  4  insulating  joints $  21 .  00 

2  insulated  switch  rods 11. 00 

1  switch  box 15.00 

1  switch  indicator 10.60 

155  ft.  trunking 7.76 

20  stakes 3.20 

J4  yard  concrete 1.76 

Nails,  tape,  solder  and  paint 6.00 

300  ft.  No.  12  rubber  covered  wire 7 .  20 

100  ft.  No.  8  rubber  covered  wire 8 .  00 

15  ft.  No.  6  bare  copper  wire .18 

4  lightning  arrestors 6.00 

Channel  pins  and  galvanized  bond  wires -SO  , 

Total $  08.88 

Less  value  of  non-insulated  switch  rods  taken  off 8.00 

Total $  96.88 

Labor 68.00 

Total $168.98. 


1248  HANDBOOK  OF  CONSTRUCTION  COST 

the  narrow  gage  iron.  On  the  rest  of  the  line  the  old  iron  was  replaced  by 
these  rails,  they  being  laid  narrow  gage  as  the  ties  and  roiadbed  were  not  in 
condition  to  carry  standard  gage  equipment. 

In  1913,  after  some  negotiations,  a  contract  was  let  for  dianging  the  17  mileo 
northerly  from  Hoosac  Tunnel  Station.  This  portion  of  the  line  followed  the 
winding  of  the  Deerfleld  River  and  lay  in  a  narrow  valley  with  high  hills  on 
each  side.  There  were  many  long,  sharp  curves,  the  map  of  the  road  showing 
about  120  curves  of  6°  or  over  in  the  17  miles.  The  track  was  laid  with  4-boIt 
angle  bar  splices  except  about  IH  miles  where  Fisher  Joints  had  been  used. 
The  first  5  miles  had  been  re-tied  where  needed. 

The  worlc  was  carried  out  during  July,  1913;  the  contractor  lost  money  on 
the  job,  which  loss  was  due  to  several  factors,  some  of  which  were:  Labor  was 
scarce  and  hard  to  get,  and  very  inefflcient.  Experienced  men  could  not  be 
obtained  and  the  job  was  so  short  that  green  men  could  not  be  properly  broken 
in.  The  method  employed  (which  was  specified  by  the  railroad  company) 
did  not  allow  time  to  familiarize  the  men  with  their  work,  or  allow  the  wmk 
to  be  started  with  a  small  force  and  gradually  increased.  There  was  no  labw 
to  be  had  in  the  territory  tributary  to  the  line  and  the  contractor  was  obliged 
to  pick  up  green  men  in  the  cities  and  use  them.  The  weather  was  ezcesstvely 
hot,  and  the  road  lying  in  a  narrow  winding  valley,  the  wind  could  not  cool 
the  air;  this  reduced  the  output  of  the  men  to  a  marked  degree.  When  men 
were  hired  it  was  with  the  understanding  that  experienced  spikers  were  to  be 
paid  25  cts.  per  hour,  and  other  laborers  20  cts.  per  hour,  but  during  the  first 
afternoon  about  two-thirds  of  the  men  (inexperienced)  struck  for  26  cts.  per 
hour.  Four  passenger  trains  and  two  freights  per  day  were  being  operated 
over  the  line  at  the  time  the  work  was  done. 

The  meftiod  employed  was  to  divide  the  men  into  two  gangs  and  work  each 
gang  on  a  separate  line  of  rails,  pull  the  spikes  on  one  line  of  rails,  throw  them 
out  lOK  in.,  and  respike,  while  another  gang  followed  at  a  reasonable  work- 
ing distance,  pulling  spikes  on  the  opposite  line  of  rails,  throw  It  to  standard 
gage  and  respike.  Of  course  on  the  long,  shaip  curves  the  outside  line  of  lafla 
would  soon  stretch  so  that  it  would  be  necessary  to  break  open  a  Joint  and 
start  spreading  again  at  the  break;  the  inside  of  the  curve  would  crowd  so 
that  it  would  have  to  be  broken  open  and  another  start  made  there.  As  there 
were  many  of  these  breaks,  three  or  four  to  each  long  curve,  a  separate  gaiv 
was  organized  to  connect  up  the  track  at  these  i>oints. 

The  short  ends  of  the  rails  on  the  inside  of  the  curves  were  sawed  off  with 
the  hack  saws,  and  additional  holes  drilled  in  the  ends  of  the  rails  for  the  angte 
bars.  On  the  outside  of  the  curves  where  the  rails  were  too  Bhort»  a  rafl  was 
unbolted,  cut  in  two  with  cold  chisels  and  a  longer  piece  cut  from  an  extra  rafl 
and  inserted  in  the  line,  making  a  better  job  than  by  putting  in  a  short  pleoe. 
The  spiking  gangs  followed  immediately  behind  the  gangs  that  were  Bpreading 
raiLs,  leaving  gaps  where  joints  were  broken  open;  the  gang  repairing  breaks 
spiked  the  track  at  these  points. 

Per  mile  ToUl 

PullinR  spikes — 

2.001  hours  @  $0.25 |fiOO.S5 

Per  mile  117.7  hours $27.42  

Foremen,  2*  (1  ^$10  per  day)  (1  @  $3  per  day) 71. «0 

Foremen,  per  mile 4.21 


•  •  I 


Average  gang,  14.73  men $83.63  $871.75 

*  Includes  extra  payments  to  4  men  that  acted  as  workinc  foremeo.    Then  pay- 
ments are  added  to  this  foreman's  pay  for  simplicity  in  fisuriag. 
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by  another  gang  that  finished  drilUng  the  required  number  of  holes,  put  in  the 
bolts,  and  completed  any  other  necessary  work.  Each  break  on  a  curve 
necessitated  a  cut  with  the  chisel  and  one  with  the  saw.  The  hack  saws  ykk 
14-in.  blades  in  a  high  frame,  and  2  men  would  make  a  cut  in  20  to  30  minutes. 

Each  break  cost,  average  of  10  per  day — 

Labor,  7  hours  @  $0.25 S     1.75 

Foreman,  1  hour  @  $0.40 ^.40 

$    2.15 

Drilling  rails  at  brealcs  and  bolting — 

883  hours  @  $0.25 $220.75 

Per  mile,  52  hours  @  $0.25 $13. 00       

Gang — 6  men  in  2  gangs  who  worked  without  foremen.     Each  gang  averaged 

drilling  and  bolting  25  holes  per  day. 

Paulus  track  drills  were  used.  The  drills  were  sharpened  In  the  railroad 
shop  and  sent  out  to  the  men  by  the  passenger  trains. 

Frogs  and  switches  were  merely  set  over  and  spiked.  This  wi^k  was 
carried  out  by  the  gang  cutting  curves.  Balance  of  switch  work  wad  yard 
work  was  done  by  the  railroad  forces.  There  were  30  switches  on  the  line 
and  the  average  cost  of  setting  them  over  was: 

Labor,  4  hours  @  $0.25 $1 .  00 

Foreman,  ^  hour  @  $0.40 20 

$1.20 

The  railroad  had  a  small  gang  following  about  2  days  behind  that  put  rail 

braces  on  some  of  the  curves. 

Miscellaneous  expenses —  Per  mile  Total 

Water  boy $48.85 

Labor,  8  hours  @  $0.15;  8  hours®  $0.20,  per  mile $2.80  

Superintenden  ce — 

16  days®  $8.00 $128.00 

Per  mile $7.53  

Tabljs  XIV. — Cost  of  Changinq  Gage  of  17  Miljbs  or  Tbacx 

Development  expenses — 

Fees  of  men,  employment  bureau $       18.00 

Fares  of  men 02.52 

Freight  on  tools  and  supplies $       21.92 

Traveling,  superintendent 20.00 

Rent  of  camp 25.00 

Liability  insurance 120.00 

Tool  charges 50.00 

Sui>erintendent's    time;    looking   over  job;   finding 

men,    making   preparatory   arrangements,   hiring 

camp  site,  etc.,  8  days  @  $8.00 64.00 

Per  mile $  24.21       $     411.44 

Camp  outfit  for  taking  care  of  65  men — 

BlankeU $  62. 15 

Mattresses 131 .  50 

Cooking  and  eating  outfit 85. 61 

$279.20 
LoH8  Halv(ig(> 40. 00  289.26 

Per  milo 14.08 

Development  and  ramp  expense $  88.28       $    650.70 

Total  costs $8,946.80 

Total  costs,  per  milo $235. 58 

Total  costal  loss  development  expense $197.20       $8,295.00 
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the  comparative  costs  of  re 
The  figures,  exeept  the  toto 
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Tablb  XV. — Showing  Cost  Feb  Mils  Run  of  Locomotive  Rbpaibs,  Rbmxw- 

▲LA   AND    DePBECIATION    ON   30   KaILBOADS   FOB    1911 


Total  miles 

Name  of  road  run 

A..  T.  &  S.  F 47,060,448 

Atl.  Coast  Line 20,980,390 

Bait.  &  Ohio 64,708,403 

B'st'n  &  Maine 31.870,282 

Cen.  R.  R.  of  N.  J 12,643,323 

Chesa.  &Ohio 19.223,950 

CM.  A  Alton 9,327.555 

C.  &  N.  W 52,418.503 

C,  B.  A  Q 48.079.561 

C.  M.  &8t.  P 45,961,742 

C,  R.  LAP 41,972,762 

D.,  L.  &  W 20,019.521 

Erie 29,833.271 

Gt.  North 28,098, 160 

111.  Central 39,808,246 

Iowa  Central 3, 150.061 

Lehigh  VaUey 22.249.785 

M.  &St.  L 3,264,219 

N.  Y.  C.  &  H.  R 70,540.204 

N.  Y.,  N.  H.  &  H 30,485,152 

Norfolk  &  West. 23.323,395 

North.  Pacific 30, 180,346 

Pennsylvania 94,207,231 

Phil.  &  Read 25,462.073 

St.  L.  &  8.  F 26,425.661 

So.  Pacific 40.112.861 

Southern 42, 141 . 667 

T.,  St.  L.  &  W 2.830,808 

Union  Pacific 22.564.917 

Wabash 21.770,774 


Repairs 

Renewals 

Deprecia- 

per mile, 

per  mile. 

tion  per 

Total. 

cents 

cents 

mile,  cents 

cents 

13.44 

'.01 

1.60 

14.95 

6.44 

.01 

.60 

7.11 

9.03 

.07 

.96 

10.06 

6.78 

.07 

.99 

.    7.84 

8.64 

.02 

1.67 

10.33 

9.39 

.04 

.70 

10.13 

11.32 

.00 

.34 

11.66 

7.08 

.02 

.67 

7.67 

7.10 

.43 

2.68 

10.21 

7.14 

.00 

.43 

7.57 

9.47 

•  •   •  • 

.08 

9.65 

7.66 

.01 

1.77 

9.44 

10.07 

.04 

.83 

10.94 

9.40 

.00 

2.61 

12.01 

10.61 

.01 

.79 

11.31 

5.78 

.03 

.60 

9.31 

8.78 

.02 

1.16 

9.96 

8.89 

.32 

.42 

9.63 

7.47 

1.13 

•  •   •   • 

8.60 

7.91 

.02 

.17 

8.10 

8.26 

.01 

1.52 

7.79 

7.61 

.01 

2.65 

10.17 

11.09 

•   ■   •   • 

.9? 

12.06 

10.48 

.75 

•   •   •   • 

.  11.23 

9.50 

.04 

.10 

9.64 

11.43 

.64 

■   ■   ■   ■ 

11.97 

8.53 

.06 

.86 

9.44 

8.93 

■    •     ■     a 

.32 

9.26 

J2.17 

.01 

•  •  •   • 

12.18 

9.62 

•    •    •    • 

.64 

10.16 

Life  of  Railway  Rolling  Stock. — In  the  valuation  work  of  the  Nebraska 
State  Railway  Commission  an  extensive  investigation  was  made  and  a  laige 
nwnber  of  data  were  collected  from  the  records  of  service  of  •equipment  of  a 
number  of  the  large  western  systems.  The  following  matter  is  taken  from  an 
article  by  E.  C.  Hurd  published  in  Engineering  and  Contracting,  Aug.  21. 
1912. 

The  study  embraced  the  following  up  of  each  locomotive  through  its  Ufte 
in  type,  and  also  of  each  car  of  a  kind  and  series.  The  final  disposition  of 
the  article  was  found.  The  salvage  value  was  also  carefully  inquired  into  at 
the  time  of  vacation.  From  this  tabulations  were  made  setting  out  straight 
lines  of  depreciation,  in  combination  with  the  non-depreciating  f acton  of 
salvage,  from  which  were  derived  a  value  per  cent  of  expectancy.  Tbese 
graphic  illustrations  also  developed  other  interesting  features  even  begrond 
that  of  valuation,  having  reference  to  the- durability  of  the  sereral  classes  of 
equipment  and  the  points  at  which  the  life  begins  to  break  and  vacations  from 
age  occur.  Further  there  was  demonstrated  that  liability  to  accidental  de- 
struction in  the  first  few  years  was  practically  the  same  in  all  dames  of  cars. 
In  more  detail  setting  out  the  determination  of  plans  for  depreciation  for  looo- 
luotives.  passenger  cars  and  freight  cars,  which  plans  were  made  up  in  an 
identical  manner,  that  having  reference  to  freight  cars  will  be  further  mm* 
tioned.  The  average  value  at  the  time  of  vacation  expressed  in  a  per  cent  of 
reproduction  cost  was  found  to  be  22.4  per  cent  and  wtiich  became  the  nan- 
depreciating  factor  for  freight  colth.  From  a  resume  of  the  study  of  all  cUuMi 
of  freight  cars  and  considering  all  factors  of  elimination.  19.92  years,  or  prac- 
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lengthened  to  21.24  years.  During  its  life  each  car  is  repaired  on  an  average 
of  once  a  month,  at  an  average  cost  of  $6.26  each  time,  and  therefore,  each 
car  requires  a  total  expenditure  for  repairs  of  about  $1600,  or  twice  the  first 
cost  of  the  car. 

The  Life  of  Steel  Freight  Cars. — Steel  freight  cars  have  been  long  enough  in 
use  to  make  it  possible  to  estimate  their  average  natural  life  and  Engineering 
and  Contracting,  April  26,  1916  quotes  M.  K.  Bamum,  who  states  in  a  recent 
issue  of  the  Railway  Age  Gazette,  that  the  oldest  steel  freight  car  of  which  he 
has  knowledge  was  built  in  1896.  Two  years  ago  it  received  a  new  floor, 
beside  other  extensive  repairs,  and  appearances  indicate  that  it  may  be  good 
for  at  least  10  years  more.  However,  this  car  seems  to  be  an  exception,  and 
Mr.  Bamum  puts  the  average  life  of  steel  gondola  and  hopper  cars  at  about 
16  years. 

The  short  life  of  steel  cars  is  largely  due  to  corrosion  of  the  steel  plates. 
Cars  in  service  near  salt  water  corrode  more  rapidly  than  elsewhere.  Idle 
cars  corrode  much  more  rapidly  than  those  in  use,  two  months  of  idleness 
being  equivalent  to  about  two  years  of  use.  Frequent  painting — every  three 
to  five  ye^rs — prolongs  the  life  25  to  50  per  cent,  but  relatively  few  steel  can 
have  been  painted. 

Natural  and  Functional  Life  of  Freight  Cars. — The  following  note  is  given  in 
Engineering  and  Contracting,  May  15,  1918. 

Freight  cars  have  heretofore  shown  an  average  life  of  nearly  28  years, 
about'  3.6  per  cent  of  the  total  number  being  "  vacated "  annually  (See  Gil- 
lette's "  Handbook  of  Cost  Data  ") .  However,  as  is  well  known,  though  often 
overlooked  in  estimates,  most  of  the  cars  are  not  retired  because  they  are 
worn  out  or  too  expensive  to  maintain;  but  because  it  is  more  profitable  to 
substitute  cars  of  greater  capacity.  The  war  has  brought  about  conditions 
that  enable  us  roughly  to  segregate  natural  depreciation  (wear  and  tear)  from 
functional  depreciation  (inadequacy  and  obsolescence)  of  cars;  for  the  demand 
for  freight  cars  has  become  so  great  that  none  are  being  retired  because  of 
fimctional  depreciation. 

During  1917  about  1 19,000  new  freight  cars  were  manufactured.  The  net 
gain  in  cars  at  the  end  of  1917  was  about  72,000  over  1916,  indicating  a  retire- 
ment of  some  47,000  cars  because  of  wear  and  tear,  or  about  2  per  cent  of  the 
total  number  in  use.  This  would  indicate  a  natural  life  of  50  years,  as  com- 
pared with  a  composite  natural  and  functional  life  of  28  years.  While  thia 
estimate  is  not  conclusive,  it  is  very  significant,  and  it  has  more  tiiaa  academle 
interest  at  this  time. 

Cost  of  Water  Softening  for  Railroads. — The  following  data  are  taken  fktnn 
an  abstract,  published  in  Engineering  and  Contracting,  April  8,  1014,  of 
a  paper  presented  before  the  Illinois  Water  Supply  Association  by  R.  C. 
Bardwell,  chemist  of  the  Missouri  Pacific  Ry. 

On  the  Missouri  Pacific  there  are  at  present  45  complete  water  softening 
l>lants  in  operation,  the  majority  being  on  the  hard  waters  west  of  the  Missouri 
River.  The  average  amount  of  water  treated  per  year,  reducing  ttie  hardmiss 
so  that  it  will  form  practically  no  scale,  is  1,692,000,000  gals.  The  total 
average  amount  of  scale  removed  from  this  water  is  5,537,000  lbs.,  which  would 
make  over  1 10  carloads  at  50,000  lbs.  each ;  a  considerable  amount  when  it  is 
remembered  that  but  for  treatment  this  scale  would  have  to  go  thioui^ 
the  engine  boilers  and  most  of  it  would  have  to  be  removed  by  hand.  The 
total  annual  cost  for  the  above  treatment,  interest  and  depreciation  on:  plants 
is  about  $65,000.    Conservative  figures  show,  however,  that  with  this  expendi- 
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and  seems  to  have  proven  unworthy.  The  Permutitt  water  softener,  the 
artificial  zeolite,  will  never  be  a  universal  success  in  tailroad  work  on  account 
of  the  replacing  of  incrusting  carbonates  with  sodium  carbonate,  that  is,  waten 
which  are  sufficiently  hard  to  warrant  the  expense  of  treatment,  as  a  rule 
contain  sufficient  incrusting  carbonates,  which  if  replaced  by  sodium  carbonite 
could  not  be  used  on  account  of  foaming  properties.  Therefore  it  would  seem 
that  common  lime  and  soda  ash  will  continue  to  remain  in  service. 
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Cost  of  Dbiving 

Cost  per 
foot  of 
tunnel 

10,019  feet  driven  by  undercut  heading  and  subsequent  enlargement ....  $87. 23 

20,626  feet  driven  by  top  heading  and  bench 62. 18 

Average  cost  of  excavation  of  entire  tunnel 70. 66 

These  costs  include  all  labor,  all  materials,  all  repairs,  all  power,  depredft- 
tion  figrured  as  100  per  cent  on  all  equipment,  with  a  proportionate  charge  for 
general  (supervisory)  and  miscellaneous  expenses  of  the  entire  reclamati(m 
project. 

Laramie-Pocdrb  Tunnel 

Important  Details. —  Location:  Home,  Colo.  Purpose:  Irrigation.  Cross 
section:  Rectangrular.  Size:  9>^  ft.  wide  by  7H  ft-  high.  Lenirth:  11,306  ft. 
Character  of  rock  penetrt^ted :  Closegrained  red  and  gray  granite.  '  Type  of 
power:  Hydraulic  at  the  east  end,  electric  at  the  w^t.  Ventilator:  Prensure 
blower.  Size  of  ventilating  pipe :  14  and  15  ins.  Drills :  8  pneumatic  hanmier. 
Mounting  of  drills:  Horizontal  bar.  Number  of  holes  per  round:  21  to  23. 
Average  depth  of  round:  10  ft.  at  first,  7  to  8  ft.  later.  Number  of  drillers 
and  helpers  per  shift:  3  drillers,  2  helpers.  Number  of  drill  shifts  per  day:  3. 
Explosive:  60  per  cent  gelatin  dynamite,  with  some  100  per  cent  in  the  cut 
holes.  Number  of  muckers  per  shift:  6.  Number  of  mucking  shifts  per 
day:  3.  Type  of  haulage:  Mules.  Wages:  Drillers,  $4.60;  helpers,  $4; 
muckers,  $3.50;  blacksmiths,  $5;  drivers,  $4.50;  dumpmen,  $8.50.  Maximum 
progress  in  any  calendar  month:  653  ft.,  March,  1911.  Average  monthly 
progress:  509  ft.  (for  the  16  months  when  complete  plant  operated).  Special 
feature:  Inacces  sibility;  the  tunnel  was  located  about  60  miles  from  the 
nearest  railroad  siding,  and  the  roads  were  mountainous  and  yery  steep  in 
places. 

Cost  of  Drfvinq  Tunnel  11,306  Ft 

Cost  per 
foot  oi 
tunnel 

Superintendents  and  foremen $1. 60 

DnlUng 4. 47 

Mucking  and  loading 4. 92 

Tramming  and  dumping 4. 08 

Track  and  pipe .47 

Power  house .SJS 

Blacksmithing .84 

Repairs .47 

Bonus  to  workmen 1. 76 

Maintenance  of  camps,  buildings,  and  fuel .62 

Machinery  repairs .12 

Air  drills  and  parts 1. 88 

Picks,  shovels  and  steel .84 

Explosives 4. 50 

Lamps  and  candles .42 

Oil  and  waste -.88 

Blacksmith  supplies .68 

Liability  insurance .81 

Office  supplies,  telephone  and  booklcceping .86 

$29.81 

Permanent  equipment  (less  approximately  10  per  cent  aalvace) 9. 73 

S8Q.04 

The  permanent  equipment  included  power  plant,  camp  buUdlngi  tad 

furnishings,  pipes,  rails,  etc. 
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LOS    ANGELES    AQUEDUCT 

Little  Lake  Division,  Tunnels  1  to  lOA 

t  Details. — Location:  Inyo  County,  Cal.  Purpose:  Water  sup- 
and  irrigation.  Cross  section:  See  Fig.  1.  Size:  See  Fig.  1. 
^er:  Electric  power  purchased  at  a  nominal  cost  per  kilowatt-hour 
aullc  plant  constructed  and  owned  by  the  aqueduct.  Ventilators: 
)wers.  Size  of  ventilating  pipe:  12  ins.  Drills:  Pneumatic  ham- 
'  2  in  each  heading.    Mounting  of  drills:  Horizontal  bar.    Nnm- 


(//ff/mfiered 


-..II 


^ 

V 

0 


1. — Typical  cross-section  of  tunnel,  Los  Angeles  Aqueduct. 


«r  round:  Usually  14  to  16.  Average  depth  of  round:  6  to  10 ft. 
rillers  and  helpers  per  shift:  2  drillers  and  2  helpers.  Number  of 
er  day:  Usually  1,  but  sometimes  2.  Explosive:  40  per  cent 
mite,  with  some  20  per  cent  and  some  60  per  cent;  ammonia 
o  tried.  Number  of  muckers  per  shift:  Usually  5.  Number  of 
ts  per  day:  Usually  1,  but  2  when  2  drill  shifts  were  employed, 
ilage:  Tunnels  1  to  3-N,  mules;  tunnels  3-S,  to  lOA-N,  electric; 
,  mules.  Wages:  Drillers  and  helpers,  $3;  muckers,  $2.50;  black- 
.elpers,  $2.50;  motormen,  $2.75;  dumpmen,  $2.50. 
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Cost  op  DRivma  Tunnkl  IB-S  fob  1,341  Ft. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  225  ft.  per  month*] 

CoBt  ,pcr 
foot'(rf 
tunnel 

Excavation $  9. 15 

Engineering i .18 

Adit  proportion .28 

Permanent  equipment  (estimated) 2.35 

Timbering  (857  ft.) 1.02 

$12.98 
*  The  average  speed  given  is  computed  on  the  basis  of  one  heading  per  month. 

In  this  tunnel,  as  in  all  of  the  tunnels  of  this  division  and  of  the  Grapevine 
division,  the  cost  of  excavation  includes  the  wages  of  shift  foremen,  drillers, 
helpers,  muckers,  motormen  or  mule  drivers,  dumpmen,  blacksmiths  and 
helpers,  machinists,  electricians  (part),  and  power  engineers;  also  the  cost 
of  powder,  fuse,  caps,  candles,  light  globes,  machine  oil,  blacksmith  supplies 
and  fuel,  and  machinists'  suppUes,  and  the  cost  of  power  and  of  repairs  for 
power,  haulage,  compressor,  and  ventilating  machinery. 

" Engineering"  Includes  the  cost  of  giving  line  and  grade,  etc. 

"  Adit  proportion"  is  a  proportionate  charge  per  foot  of  tunnel  to  defray  the 
cost  of  an  adit  from  the  surface  to  the  tunnel  line. 

"Permanent-equipment"  costs  were  not  segregated  for  each  tunnel,  but 
were  compiled  for  the  whole  division,  so  the  charge  represents  a  proportionate 
charge  per  foot  for  the  entire  division  cost,  without  salvage,  of  trolley  and  light 
lines,  including  freight  and  cost  of  installation;  ventilating  lines  with  freight 
and  installation;  water  lines  with  freight  and  installation;  mine  locomotives 
and  cars,  picks,  shovels,  drills  and  drill  sharpeners,  with  repairs  fbr  the  last 
four  items. 

Cost  of  Dbivino  Tunnel  2,  Length  1,739  Ft. 

[Driven  through  medium-hard  but  very  wet  granite  at  an  average  speed  of  170  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $  8 .  81 

Engineering .19 

Adit  proportion .84 

Permanent  equipment 2 .  35 

Timbering  (1,590  ft.) 3.28 


814.97 

Cost  of  Driving  Tunnel  2A,  Length  1,322  Ft. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  150  ft.  per  monthl 

Cost  per 
foot  of 
tunnel 

Excavation $8. 05 

Engineering .18 

Adit  proportion .84 

Permanent  equipment 2. 86 

Timbering  (1,322  ft.) 2. 51 

$18.41 


SI 


Cost  or  Du 

(Driven  througb  medium-hMC 


EneiJieerinf . 
Adit  proportion  . 
F«rmHnent  equipc 
Timbering  (95e  ft 


I  Driven  througii 


Adit  proportion.  ■■!■!■!.!.! 

PermsiieDt  equipment 

Timbering  (1,2*4  ft,) 

Cost  of  Dhivinq  Toni 
IDriven  throueh  decomposed 


Adit  propOTtion.  . 


Adit  proportion.    ...     :  I 


(  (1,705  (t.). 


[Driven  through  medium-Eiard 


SO 
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Cost  op  Dbivino  Tunnel  7,  Lbngth  3,596  Ft. 

[Driven  through  biotite  granite  of  variable  hardness  at  an  average  speed  of 

140  ft.  per  month] 

Cost  per 

foot  of 

tunnel 

Excavation . .  $13. 56 

Engineering .27 

Adit  proportion , , .13 

Permanent  equipment 2. 35 

Timbering  (2,609  ft.) 3. 60 

$10.90 
Cost  op  Driving  Tunnel  8-S  pob  1,334  Ft. 

'  Driven  through  meddum-hard  to  hard  granite  at  an  average  speed  of  135  ft.  per 

month] 

Cost  per 
foot  <rf 
tunnel 

Excavation $12. 92 

Engineering .19 

Adit  proportion .18 

Permanent  equipment 2. 35 

Timbering  (126  ft.) 39 

$15.93 

Cost  op  Dbivino  Tunnel  9  pob '3,506  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  195  ft. 

per  month] 

Cost  pCT 
foot  of 
tunnel 

Excavation $12. 19 

Engineering .18 

Adit  proportion .07 

Permanent  equipment 2. 85 

Timbering  (305  ft.) -.29 

$15.08 

Cost  op  Dbivino  Tunnel  10  pob  5,657  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  200  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $18.-60 

Engineering .19 

Permanent  equipment _ 2. 85 

Timbering  (194  ft.) 11 

$16. 15 
Cost  op  Dbivino  Tunnel  lOA-N  pob  1,496  Ft. 

[Driven  through  medium  >hard  to  hard  granite  at  an  average  speed  of  165  ft. 

per  month] 

Coct  par 
foot  of 
toimal 

Excavation $18. 08 

Engineering ,18 

Permanent  equipment 2. 86 

Timbering  (24  ft.; 78 

$16.88 


Important  Detaila. — Location:  I 
supply,  power,  and  Ltrigation.  Croc 
Type  of  power:  Electric  power  purch 
PreHSure  blowers.  Sim  of  ventilt 
hammer,  usually  2  in.  each  headlof 
Number  ol  holes  per  round:  llsusU 
G  to  8  [t.  Number  of  driUera  and  hi 
Number  ot  drill  shifts  per  day:  IJsus 
dynamite,  but  80  per  cent  and  75  pel 
hard  ground.'  Number  of  muckers 
Bhif  ts  per  day :  Usually  2.  Typeofh 
ft.  Wages:  Drillers  and  helpers, 
helpers,  t2.£0;  motormen,  12.76:  dur 


[Drivf 

■I,  thr< 

lugh  hi 

>rdg[ 

.... 

... 

iberioE 

Thtse 

items 

includi 

.thee 

ame. 

™t. 

COBT    1 

ji'  Di 

»IV1N. 

a   T. 

Adit  proportion 


Permanent  equif 
Adit  proportion, 
Timberinc  (22  ft 
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Cost  of  Dbiving  Tuxnbl  15,  Length  895  Ft. 

Cost  per 
foot  of 
tunnel 

Excavation $23. 28 

Engineering .11 

Permanent  equipment 2. 25 

Adit  proportion 2. 42 

$28.06 

Cost  op  Driving  Tunnel  16,  Length  2,723  Ft. 

[Driven  through  hard  granite  at  an  average  speed  of  145  feet  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $20. 07 

Engineering .17 

Permanent  equipment *. 2. 25 

Adit  proportion .55 

Timbering  (18  ft.) .04 

$23.06 

Cost  of  Driving  Tunnel  17,  Length  3,024  Ft. 

CoBt  per 
foot  of 
tunnel 

Excavation $20.47 

Engineering .21 

Permanent  equipment 2.25 

Timbering  (142  ft.) , 22 

$23.15 

Cost  op  Driving  Tunnel  17K  roR  1,345  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  225  feet 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $19. 56 

Engineering .31 

Permanent  equipment 2 .  25 

$22.12 

Cost  of  Driving  Tunnel  17A  fob  3,275  Ft. 

Cost  per 
foot  of 
tunxifll 

Excavation t $18.70 

Engineering .17 

Permanent  equipment 2.25 

Timbering  (441  ft.) 1. 18 

$22.80 

Cost  of  Driving  Tunnel  17B  for  4,915  Ft. 

Cost  pw 
foot  of 
tuBiud 

Excavation $2. 10$ 

Engineering .21 

Permanent  equipment     8.25 

Timbering  (163  ft.) 1.00 

$85.45 


power  piiTchaai 
ol  ventilating 
heodlne  utd  2 

depth  of  rounc 
drUlera  and  2  f 
end.  Number 
cent  gelatin  dyi 
iDg  shifts  per 
helpers,  S3:  mu 

10 10.    Average 


riven  througl 


Important 

Length:  12,000 
of   lock   pvnet 
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Current.  Ventilator:  Pressure  blower.  Size  of  ventilating  pipe:  18  and  19 
ins.  Drills:  Pneumatic  hammer,  3  in  the  heading.  Mounting  of  drills: 
Vertical  columns.  Number  of  holes  per  round :  25.  Average  depth  of  round: 
8  to  9  ft.  Number  of  drillers  and  helpers  per  shift:  3  drillers  and  2  helpers. 
Number  of  drilling  shifts  per  day:  1.  Explosive:  60  per  cent  gelatin  djju^ 
mite.  Number  of  muckers  per  shift:  3.  Number  of  mucking  shifts  per  day: 
1.  Type  of  haulage:  Horses.  Wages:  Head  driller,  $5;  drillers,  $4;  nipper, 
$3.50;  boss  mucker,  $5;  muckers,  $4;  drivers,  $4;  power  engineers,  $4;  black- 
smith, $5.  Maximum  progress  in  any  calendar  month:  263  ft.,  September, 
1911.  Average  monthly  progress:  125  ft.  jper  month  for  the  first  4,800  ft., 
240  ft.  per  month  for  the  last  1,575  ft. 


AvEBAGE  Cost  of  Driving  Fibst  4,800  Ft. 

COBt    pflT 

foot  of 
tunnel 

Labor $  8.86 

Powder 7.86 

Fuse  and  caps ; .17 

Candles  and  oil .21 

Horse  feed  and  shoeing .18 

Power. 1.64 

Repairs .14 

Tunnel  equipment 2.76 

Surface  plant 1 .  25 

$23.06 

"  Tunnel  equipment"  includes  the  cost  of  materials  and  installatioii  of  the 
pressure  air  line,  the  ventilating  line,  rails,  ties  and  fittings,  and  the  drainage 
ditch.  "  Surface  plant "  includes  buildings,  compressor  blower,  tranaformen, 
motors  and  drill  sharpener. 

Cost  of  driving  next  1,575  ft.:  The  contractor  received  $21.60  per  fpot  to 
cover  the  cost  of  labor,  powder,  fuse,  caps,  candles,  oU,  horse  feed  and  ahod- 
ing,  power  and  repairs,  and  the  installation  of  the  tunnel  equipment. 


MARSHALL-RUSSELL  TUXNEL 

Important  Details. — Location:  Empire,  Colo.  Purpose:  Mine  dralnaget 
development  and  transportation.  Cross  section:  Rectangular.  Size:  8 
ft.  wide  by  9  ft.  high.  Length :  1 1,000  ft.  projected;  6,700  ft.  driven  Jabuaiy 
1,1913.  Character  of  rock  penetrated:  Granite  and  gneiss.  Type  of  ponrar: 
Purchased  electric  current ;  also  a  small  auxiliary  hydraulic  plant.  Ventilator: 
Fan.  Size  of  ventilating  pipe:  12  and  13  ins.  Drills:  2,  pneumatic  hammer. 
Mounting  of  drills:  Vertical  columns.  Number  of  holes  per  round:  18  to  20. 
Average  depth  of  round :  9  to  10  ft.  Number  of  drillers  and  helpers  per  lUft: 
2  drillers  ami  2  helpers.  Number  of  drill  shifts  per  day:  1.  Explosive:  40 
per  cent  gelatin  dynamite;  with  some,  80  per  cent.  Number  of  muckers  per 
shift:  4.  Number  of  mucking  shifts  per  day:  1.  Type  at  haulage:  Horses. 
Wages:  Drillers,  $4;  helpers,  $3;  blacksmith,  $4;  helpers,  $3;  mucken,  $8.16; 
trammers,  $3.75;  dumpmen,  $3.25;  power  engineer,  $3.60;  shootars,  $8 J6. 
Maximum  progress  for  any  calendar  month:  187  ft.,  June,  1900.  Avenge 
monthly  progress:  126  ft. 


at  the  top,  7  [t.  high.  I 
Shale,  slate,  and  hard  ^ 
v«nlilstiiie  pipe:  ID  las. 
Horizontal  bur.  Number 
round:  7  to  8  tl.  Numbt 
drilling  shifts  pel  day:  3. 
djmamlte.  Number  of  n 
per  day:  3.  Type  of  ha 
S3:  muckers.  (2.76;  blacks 
S2.S0:  ponei  engineers,  ti 
414  ft,,  February,  1911.    . 

Cost  or  Dbivino  the  So 


Administration 

Lahor 

Power. 

Trmben'nB'(563  ft.V. '.'.'.'. 

Trmck  ana  pipe 

Misrellaneous  supplies. . 
Drill  parte  (including  sle 


picks,  biacksinill 


Important  Dctflila.— Lo 
and  tmnsfiortation.  Cro 
32.000  ft.  Character  of 
power:  Purchased  electrk 
ventilating  pipe:  18  ins. 
Vertical  column.  Numbe 
shifts  per  day:  l  and  2.    I 
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Drillers,  $4  to  $4.50;  helpers,  $3.25  to  $4;  muckers,  $3.50;  motormen,  $3^; 
dumpmen,  $3;  blacksmiths,  $3.50  to  $4.50;  helpers,  $3. 

Cost  of  DRrviNo  the  Newhouse  Tunnel 

Jan.  to  Aug.  Sept.  to  Dec.  Apr.  to  Aug. 
1909.  1909,  1910, 

2,233  ft.  1,098  ft.  693  ft. 


Labor $  6 .  72 

Exploeives 4. 15 

Fuse  and  caps .39 

Transportation  of  materials  broken ...  1 .  49 

Power 1.99 

Blacksmithing 1 .  57 

Use  of  drills,  repairs  and  steel 1 .  50 

Equipment,  ties,  rails,  pipe,  etc 1 .  74 

Sundries .79 


$20.34 


$  6.98 


$11.73 


3.52 

4.57 

.36 

.44 

1.47 

2.22 

2.16 

2.82 

2.61 

2.00 

2.74 

2.S6 

1.78 

2.19 

.80 

1.85 

$22.42 


$30.68 


XLA.WLET  TUNNEL 

Important  Details. — Location:  Bonanza,  Colo.  Purpose:  Mine  drainage 
and  development.  Cross  section:  Trapezoidal.  Size:  8  ft.  wide  at  the  basOt 
7  ft.  wide  at  the  top,  7  ft.  high.  Length:  6,235  ft.  Character  of  rock  pene- 
trated: Tough,  hard  andesite.  Type  of  power:  Steam  with  wood  lor  fud. 
Ventilator:  Pressure  blower.  Size  of  ventilating  pipe:  12  and  13  ins.  Drills: 
2,  pneumatic  hammer.  Mounting  of  drills:  Horizontal  bar.  Number  of 
holes  per  round:  23  to  25.  Average  depth  of  round:  8  to  9  ft.  at  first,  6 
to  6  ft.  later.  Number  of  drillers  and  helpers  per  shift :  2  drillers  and  2  helpers. 
Number  of  drill  shifts  per  day:  2  at  first,  3  later.  Explosive:  40  per  cent  and 
60  per  cent  gelatin  dyanmite  (in  the  proportion  of  about  2  to  1;.  Number  d 
muckers  per  shift:  4.  Number  of  mucking  shifts  per  day:  2  and  3.  Type 
of  haulage:  Horses  and  mules.  Wages:  Drillers,  $4.50;  helpers,  $3.75; 
muckers,  $3.50;  blacksmiths,  $4.50;  drivers  $3.50;  power  enidneers,  S4. 
Maximum  progress  in  any  calendar  month:  585  ft.,  July,  1912.  Average 
monthly  progress :  Approximately  350  ft. 

Cost  of  Drtving  the  Tunnel,  6,235  Ft.* 

jCost  pv 
foot  of 
tunnel 

Drilling  and  firing $  5.26 

Mucking 2. 16 

Tramming I.IS 

Track  and  pipe .44 

Miscellaneous  underground  expenses 1 .44 

Power  plant 2. 50 

Blacksmithing .78 

Miscellaneous  surface  work .8$ 

General  expenses 1 .  08 

Permanent  plant 8. 24 

Timbering  (1 ,618  ft.) 1 .  18 

Boarding  nouse,  debit  balance .04 

$20.08 

Credit  by  salvage  on  permanent  plant 1.11 

$19.87 

*  A  more  detailed  statement  of  the  cost  of  this  tunnel  may  be  found  in  aa 
article  entitled  "A  Problem  in  Mining,  Together  with  Some  Data  on  Taimel 
Driving,"  by  F.  M.  Simmons  and  E.  Z.  Bums,  Bull.  Am.  Inat.  Min.  Enc.,  Bfanli. 
1018,  p.  360. 


SM 

"DrUllii£  and  flring"  tnclu 
repairs.  "  Mucking,"  "  Tranir 
supplies.  "Miscellaneous  und 
imdergrounrj  telephone,  etc. 
fuel.  "'  Blackamlthing"  and  " 
supplies.     "  General  Expeoaea ' 

tlon.  steel  lalla,  peimanect  sup] 
and  supplies.  The  salvage  ot 
cent  on  salable  articles,  such  a 


Important  Details. — Locat 
drainage.  Cross  eectioa:  Rec 
10  rt,  wide  by  6  ft.  high.  Leog 
Pikes  Peak  graitite,  chiefly. 
Ventilator:  Purcbased  electric 
of  ventilating  pipe:  ]8  and  171 
otdriUs:  Horizontal  bar.  Nui 
depth  of  round ;  6  to  7  ft.  Nu 
2  helpers.  Number  of  drill  s 
per  cent,  and  some  100  per  cei 
shift:  4,  usually.  Number  of 
Horses  and  mules.  Wages:  E 
engineer,  S4:  blacksmith.  t5:  t 
t5:  outside.  t4.    Maximum  p: 

shaft  headings.  270  ft. ;  all  hea 


if. 


i^*    ■■;.•■■■•  ,u,i. 
U»?*:.  •■■■■■ 


,..i">» 


"Drllliiig  and  firing" 
repBirs.  '*  Mucking."  "  T 
supplies.  "  Mlscellaneoui 
underground  telepboae,  i 
fuei.  "  Biacl^amitbiiig  "  a 
supplies.  "  Genernl  Expe 
"'Permanent  plant"  Inclui 
tion,  steel  rails,  permanent 
and  supplies.  The  salvaj 
cent  on  salable  articles,  si 


Important    Details. — I 

lOrt.  widebyStt.high. 
Pikes  Peak  granite,  cbi( 
Ventilator:  Purchased  eli 
of  ventilating  pipe:  leani 
of  drills:  Horizontal  bar. 
depth  of  round:  8to7tt. 
2  lielpers.  Number  of  d 
per  cent,  and  some  100  p 


Cost  ot  elialt  headii 
Total  coat  ot  tun 
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Cost  of  Driving  Shaft  Headings 

Coet 

Feet  per  foot 

October  (2  headings) 49  $105.52 

November  (2  headings) 141  44 .  38 

December  (2  headings) 177  40. 11 

1909— 

January  (2  headings) 261  24.06 

February  (2  headings) 601  23.70 

March  (2  headings) 639  26.256 

April  (2  headings) 670  25. 02 

May  (2  headings) 552  28. 34 

June  (2  headings) 498  27 .  376 

July  (1  heading) 319  32.871 

August  (1  heading) 410  27.747 

September  (1  heading) 355  32. 40 

October  (1  heading) 380  28. 178 

November  (1  heatog) 298  34.20 

December  (1  heading) 251  35. 153 

1910— 

January  (1  heading) 282  28. 82 

February  (1  heading) 259  30. 636 

March  (1  heading) 344  27 .  62 

April  (1  heading) 376  25.313 

May  (1  heading) 393  24.856 

June  (1  heading) 373  26. 616 

July  (1  heading) 350  25.247 

August  (1  heading) 372  25.029 

September  (1  heading) 342  28.46 

October  (1  heading) 372  27.361 

November  (1  heading) 192  27.786 


Typical    Distribution  of  Expenses,  Portal  Heading,  Jult,  1908,  203  Fr 

Coet  per 
foot  of 
tunnel 

Machinery  and  repairs $  0.61 

Air  drills  and  parts .90 

Picks,  shovels  and  steel 1 .  90 

Ditch  men 1.09 

Explosives 6.90 

Candles .36 

Oil  and  waste .00 

Electric  power 2. 06 

Blacksmith  supplies .00 

General  expense .16 

Liability  insurance .17 

Lumber,  ties  and  wedges ,01 

Horses  and  feed .01 

Compressor  men 1.70 

Drillers  and  helpers. 4.21 

Blacksmiths  and  helpers 8.43 

Muckers  and  drivers 4.11 

Foremen 1.60 

Bookkeeper U 


Muat«nanoe  of  bulldiiiEs, 


Pipe  and  Ettings 

DSohmen 

Explosives 


BlAcksmith  Bupplire 

itnti J eTptnee.-.'.y. '.'... 

;n  andhcliie™; 

Muikeis 

Blacksmiths  and  helpers. . 


Lumh«r 


Important  Details.— Lc 
and  development.  Cross 
7  ft.  Length:  2,850  H. 
andeslte.  Tjpe  of  powi 
Size  of  ventilating  pipe:  1 
with  pneumatic  piston  d. 
Vertical  coliunna.  Numl 
round:  6  to  6H  ft.  Num 
helpers.  Number  of  drill 
dynamite.  Number  of  r 
per  day:  1.  Type  of  hau 
muckers  and  trammers, 
any  calendar  month:  17( 
150  ft.  (last  10  months.) 


1S02-3., 
1903-4. 
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drill  plant  with  which  the  tunnel  was  started,  and  the  total  value  of  the  air- 
drill  plant  which  succeeded  it,  together  with  tunnel  buildings,  pipe,  rails,  and 
the  ventilator,  with  no  credit  for  salvage  on  any  of  this  permanent  equipment. 
The  fiscal  year  dated  from  Sept.  30.  The  tunnel  was  driven  in  1901-3  with 
electric  drills,  and  the  high  cost  for  1905:  292  ft.,  $30.37. 

STRAWBEBBT  TUNNEL 

Important  Details. — Location:  Utah  and  Wasatch  Counties,  Utah.  Pur- 
pose: Irrigation  and  reclamation.  Cross  section:  Straight  bottom  and  walls, 
with  arched  roof.  Size:  8  ft.  wide  by  9>^  ft.^high.  Length:  19,100  ft. 
Character  of  rock  penetrated:  Limestone  with  interbedded  sandstone,  and 
sandstone  with  interbedded  shale.  Type  of  power:  Electric  power  generated 
in  a  hydraulic  plant  operated  in  connection  with  the  tunnel.  Distance  of 
transmission  from  west  portal  to  power  house  approximately  23  miles. 
Ventilator:  Pressure  blower.  Size  of  ventilating  pipe:  14  ins.  Drills:  Pistoii 
pneumatic,  usuaUy  2  in  the  heading.  Mounting  of  drills:  Vertical  columns. 
Number  of  holes  per  round:  16  to  18.  Number  of  drillers  and  helpers  per 
shift:  2  drillers  and  2  helpers.  Number  of  drill  shifts  per  day:  3.  Explosive: 
40  per  cent  gelatin  dynamite.  Number  of  muckers  per  shift:  6.  Number  of 
mucking  shifts  per  day:  3.  Type  of  haulage:  Electric  after  first  2,000  ft. 
Wages:  Drillers,  $3.50;  helpers,  $3.25;  muckers,  $2.75;  motormen,  $3.26; 
brakemen,  $2.75;  blacksmiths,  $4;  helpers,  $2.75.  Maximum  progress  in  any 
calendar  month:  500  ft.,  November,  1910.  Average  monthly  progress:  320 
ft.  per  heading. 

Cost  of  Dbiying  the  Tunnel 

Cost  per 
foot  of 
Feet  tunnel 

West  heading — 

Previous  to  1909 1 ,613  $60.05 

During  1909 3,892  33.68 

During  1910 6,021  30.66 

During  1911 3,491  41.62 

January  to  July,  1912 2,382  36.79 

East  heading,  October,  1911,  to  July,  1912 2,682  38.04 

Average  for 19,081  $36.78 

Detailed  Cost  of  Dbivinq  the  West  Heading  fob  the  Yeab  1900,  3,892  Ft. 

Co6t    per 
foot  of 
tunnel 

Labor — 

Engineering $  0.49 

Superintendence .7$ 

Shift  bosses 1.2$ 

Timekeepers .86 

Drillmen  and  helpers 8. 16 

Miners  (for  handwork,  trimming,  etc.) .tt 

Muckers 2.96 

Track  and  dump  men .74 

Mule  drivers .8$ 

Motormen  and  bralcemen .44 

Electricians  and  blower  men "  .07 

Disabled  employes ,. .  W 

Timbermen .88 

Miscellaneous ^ •. . . .         .40 

$11.88 


SMALL 


Materials — 

Powder,  fuse,  caps,  etc 

Lumber 

Oils,  candles,  etc 

Ventilating  pipe 

Track,  including  ties 

Pressure  air  pipe 

Drill  repair  parts  (including  hose) 

Miscellaneous 

Repairs — 


epau-s — 

Machine  shop  expense  (including  labor  and  supplies) . . . . 
Blacksmith  shop  expense   (including  labor  and  supplies) . 


Power  (all  purposes), 
Depreciation — 


aulage  equipment. 


* 


] 

1 


ep: 

H        _       .    . 

General  equipment. 

General  expense .^ 

Camp  expense 

Corral  expense 

I 

Total 


"  General  expense"  includes  a  proportionate  charge  for  the  e 
Provo  office,  such  as  salaries,  stationery,  telephone,  and  su 
proportionate  charge  for  the  expenses  of  the  Washj  m,  the 
the  supervising  engineer's  offices.     The  Provo  office  "S 

68  per  cent  of  this  charge,  the  Washington  office  23  .       c^i 
office  2  per  cent,  and  the  supervising  engineer's  office  7  pci 


Detailed  Cost  of  Drivinq  the  West  Heading  fob  thk  Yxab  1910,  i 

r 

Labor — 

Engineering 

Superintendence 

Shift  bosses 

Timekeepers 

Drillmen  and  helpers 9 

Miners '• 

Muckers I 

Track  and  dump  men 

Motormen  and  brakemen 1.  49 

Electricians  and  blower  men 

Disabled  employes 

Timbermen 

Miscellaneous 
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Cost  per 
foot  of 
tunnel 
Materials — 

Powder,  fuse,  caps,  etc 3. 62 

Lumber 22 

Oils,  candles,  etc 20 

Ventilating  pipe 66 

Track,  including  ties 74 

Pressure  air  pipe 28 

Drill  repair  parts  (including  hose) 24 

Miscellaneous 07 

$  5.92 

Repairs — 

Machine  shop  expense  (including  labor  and  supplies) 00 

Blacksmith  shop  expense  (including  labor  and  supplies) 1. 23 

%  2.13 

Power  (all  purposes) 6.'  70 

Depreciation — 

Haulage  equipment 20 

General  equipment 1. 00 

$  1.20 

General  expense 3. 82 

Camp  expense 63 

Corral  expense 08 

S  4.08 

Total 830.66 

Dbtailbd  Cost  of  Dbiying  thb  Wbst  Heading,  fob  the  Yeab  1911,  3,410  Fr. 

Cost  per 
foot  of 
Labor —  tunnel 

Engineering 8  0. 46 

Superintendence .88 

Shift  bosses 1. 66 

Timekeepers 88 

Drillmen  and  helpers 4. 07 

Miners .87 

Muckers 6. 18 

Track  and  dump  men 2.00 

Motormen  and  brakemen 1. 87 

Electricians  and  blowermen *      .08 

Disabled  employes .48 

Timberraen 1. 72 

Miscellaneous .06 

810.07 

Materials — 

Powder,  fuse,  caps,  etc 8. 61 

Lumber .80 

Oils,  candles,  etc .48 

Ventilating  pipe .77 

Track,  including  ties 1. 68 

Pressure  air  pipe .86 

Drill  repair  parts  (including  hose) .84 

Miscellaneous .86 

8  7.08 

Repairs- 
Machine  shop  expense  (including  labor  and  supplies) 8. 16 

Blacksmith  shop  expense  (including  labor  and  supplies) 1.64 

88.70 

Power  (all  purposes) 6. 80 


SMALL  TL 


Depreciati  on — 

Haulage  eqmpment 

General  equipment 

»  I 

General  expense 

Camp  expense , 

Corral  expense 

$ 

Total 


Detailed  Cost  of  Driving  the  West  Heading,  January  to  July,  19 

Ft. 

Labor —  ♦» 

Engineering 

Superintendence 

Shift  bosses 

Timekeepers 

Drillmen  and  helpers 

Miners 

Muckers : 

Track  and  dump  men 

Motormen  and  brakemen ' 

Electricians  and  blowermen 

Disabled  employes 

Timbermen 

Materials — 

Powder,  fuse,  cap,  etc 

Lumber 

Oils,  candles,  etc '. 

Ventilating  pipe 

Track,  including  ties 

Pressure  air  pipe 

Drill  repair  parts  (including  hose) 

Miscellaneous 

S 

Repairs — 

Machine  shop  (including  labor  and  supplies) 

Blacksmith  shop  (including  labor  and  supplies) 

Power  (all  purposes) 

Depreciation — 

Haulage  equipment 

General  equipment 

$ 

General  expense i . .  . . 

Camp  expense ► 


Total. 


v  «    • 
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Dbtailbd  Ck>8T  OF  Drxving  thb  East  Heading,  Octobxb,  1911,  to  Jolt,  1912, 

2,682  Pr. 

CoBt  per 
foot  of 
timnd 
Labor — 

Engineering $  0. 49 

Superintendence , . .  . .  .77 

Shift  bosses 1. 36 

Timekeepers .81 

Drillmen  and  helpers 3. 62 

Muckers 4. 03 

Track  and  dump  men 2. 00 

Mule  drivers .89 

Timbermen 1. 80 

Electricians  and  blowermen .30 

Disabled  employes .09 

Miscellaneous .21 

$15.87 

Materials — 

Powder,  fuse,  caps,  etc $  2. 67 

Lumber ' . . .         .98 

Oils,  candles,  etc .36 

Ventilating  pipe .45 

Track,  including  ties .66 

Pressure  air  pipe .12 

Drill  repair  parts  (including  hose) '.         .88 

Miscellaneous .21 

$  5.68 

Repairs — 

Machine  shop  expenses  (labor  and  supplies) .62 

Blacksmith  shop  expenses  (labor  and  supplies) .65 

$  1.37 

Power  (all  purposes) S  8. 21 

Depreciation — 

Haulage  equipment .47 

General  equipment 1 .02 

1.49 

General  expenses 1 .  86 

Camp  expenses 1 .  35 

Corral  expenses .95 

I  4.16 

Pumping  (labor  and  material) 1 .  86 

Total $33. 04 

Labor  Costs  of  Constructing  Six  Small  Tunnels  and  Shafts  in  Bartfa  and 
Rock,  Chicago. — The  toUowing  data  are  abstracted  and  greatly  cmideiiKd 
from  the  original  given  by  Myron  B.  Reynolds  in  Engineering  and  Ckmtract- 
ing.  July  3,  1912. 

There  were  constructed  during  the  year  1906-7  six  water  pipe  tunnds  for 
the  city  of  Chicago,  three  in  clay  and  three  in  limestone.  During  oooatnie- 
tion  inspectors  were  kept  on  the  work  for  the  full  24  hours.  From  the  toaptO' 
tors'  reports  which  classified  the  different  labor  the  costs  given  further  on  bave 
been  compiled.  These  costs  are  believed  to  be  fairly  accurate  for  the  actual 
labor  on  the  work.  No  costs  are  given  for  materials,  ofiBce  expenses,  intomt 
or  depreciation,  or  for  capital  put  into  plant  or  into  financing  the  wotk.  No 
costs  of  teams  or  scows  or  other  charges  for  the  disposal  of  spoil  are  tnflfa^f'' 
other  than  the  actual  labor  required  to  remove  it  out  of  the  way  of  the  wofk 
or  say  within  a  radius  of  200  ft.  from  the  shafts.    In  the  rock  tunnela  tba  i 
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The  above  rates  of  wage  are  also  applicable  to  the  other  tunnels  described  in 
this  article. 

Preliminary  and  General  Work. — The  cost  of  unloading  coal,  sand,  cement, 
etc.,  from  cars;  clearing  shaft  and  tunnel;  sharpening  and  maintaining  tools, 
placing  ladders  and  general  work;  was  $5,479.35  divided  as  follows. 

Cost  per  ft.  charged  to  shaft $5. 20 

Cost  per  ft.  charge  to  tunnel 2 .  60 

Installing  Plant. — The  cost  of  installing  plant  was:  South  Shaft — $724.50; 
North  Shaft — $290.90,  divided  as  follows: 

Cost  per  ft.  charged  to  shaft $  1.00 

Cost  per  ft.  charged  to  tunnel .50 

Shaft  Sinking  in  Earth. — The  character  of  ground  encountered  in  the  South 
Shaft  was:  1.5  ft.  macadam;  14.9  ft.  fill;  12.1  ft.  blue  day;  7.5  ft.  hard  day; 
16.7  ft.  hardpan  and  boulders:  Total  52.7  ft.  Powder  was  used  for  lower  half. 
On  the  North  Shaft  (60.6  ft.  deep;  powder  was  used  for  the  bottom  40  ft. 
The  following  costs  include  lagging  up  the  sides  and  placing  iron  rings. 

South  shaft    North  shaft 

Total $550. 95  $496. 00 

Perlin.  ft 10.45  8.20 

Percu.  yd 2.45  1.06 

Shaft  Sinking  in  Rock. — The  time  distribution  was:  Setting  up,  5%;  drill- 
ing, 44  % ;  shooting,  24  % ;  mucking  27  % .     The  costs  follow. 

Total— South  shaft $  809. 75 

North  shaft 1422.  60 

Per  lin.  ft 44. 60 

Per  cu.  yd 13. 30 

Excavation  of  Tunnel. — ^As  noted  before  the  change  in  foreman  had  a  xnarioad 
effect  on  the  cost.     This  is  shown  clearly  in  the  following  unit  costs 


No.  1 

No.  2 

$  27.00 
13.60 
61.6 

$  10.80 
4.40 
600. 

South  end North 

Foreman  Foreman    Foreman  Forenuui 
No.  1         No.  2 

Per  lin.  ft $  17.  20     $  12. 40 

Per  cu.  yd 8.10  6.20 

Length  excavated,  ft 340.  5         596.  5 

The  average  unit  costs  for  the  total  length  were  $13.30  per.  lin.  ft.  or  $6.65 
per  cu.  yd. 

Trimming  and  Mucking  Bottom. — The  mucking  consisted  of  400  CU.  yds.  Of 
rock  which  had  been  left  for  ballast.  The  unit  cost  of  trimming  and  muckfiv 
bottom  was  $5.00  per  lin.  ft. 

Lining  Shafts  and  Tunnel. — The  following  are  the  unit  labor  oosts  foT  Unlni 
shafts  and  tunnel.  The  -costs  for  concreting  the  shafts  in  rode  are  h%*»  diw 
to  the  fact  that  the  shafts  were  excavated  larger  than  called  for  in  the  spedfles- 
tions,  thus  necessitating  about  3  times  as  much  concrete  as  should  haTS  bM 
used. 


SMALL 

it  Labor  CatU  af  Linina  Slioftt  am 


CMtpwlin.  h... 


CONCMTI! 


This  tunnel  waa  similar  In  section 
the  lining  of  the.tunael  was  12  Ins. 
amount  of  water  was  encountered  In  <j 
ficatlons  required  the  lining  to  be  i 
large  number  of  1-in.  pipe  weepers 
to  wblch  afterward  was  to  be  attach 
In  behind  the  lining.  The  groul  pas: 
scheme  was  abandooed.  Plastering 
per  24  hours  waa  malnlaloed  in  the  d 

This  work  was  prosecuted  under  thi 
average  of  IS  bolea  were  drilled  and  al 
Ave.  Tunnel. 

Tbe  cost  of  the  <]ifferent  classes  of  ' 


Dperhauling  plant;  Installing  cage  an< 
Ing  tnnnel;  etc.  The  total  cost  was 
tuimel  la  the  following  proportioos :  < 
(3.30. 

Shaft  Excamiiion  In  EnrM.— South 
clay,  wet;  22  ft.  hardpaD;  19.5  ft,  ha 
17  ft,  clay  fill;  23  ft,  medium  blue  els 


Total  east 

Progreas,  It 

Cost  per  lin  ft     . 
Cost  per  cu.  yd... 


Shaft  Exct 
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Tunnel  Excavation^  Drainage  Canal  Tunnel 

Three  8-hr.  Two  10-hr. 

shifts  per  day  shifts  per  day 

Total  cost $1,495.45  $2,980.40 

Cost  per  ft 14.50  10.20 

Cost  per  cu.  yd 5.  20  3.  66 

Total  per  cu.  yd 5. 75  4. 20 

Lin.  ft 103.2  292 

Trimming  and  Mucking,  Drainage  Canal  Tunnel 

Working  two  10-hr. 
shifts  per  day 

Total  cost $597. 20 

Cost  per  ft 1.  60 

Cost  per  cu.  yd 0.  56 

Lin.  ft 396 

Concreting  Shafts  in  Earth,  Drainage  Canal  Tunnel 

South  shaft  North  shaft 

Total  cost $296.  50  $232. 40 

Progress,  ft 60  67 

Cost  per  ft 4. 95  4. 10 

Cost  per  cu.  yd 3.  80  3. 16 

Removing  Shaft  Forma  in  Earth,  Drainage  Can€U  Tunnel 

South  shaft  North  shaft 

Total  cost $81. 80  $167.40 

Cost  per  ft 1. 36  •2. 80 

Cost  per  cu.  yd 1. 05  2. 10 

Cost  of  concreting  and  removing  forms  per  cu.  yd . . .           4.  85  6.26 
•  Forms  under  water  60  days. 

Concreting  Shafts  in  Rock,  Drainage  Canal  Tunnel 

South  shaft        North  shaft 

Total  cost $296. 40  $276. 96 

Cost  per  ft 7.  90  7. 10 

Cost  per  cu.  yd 5.  30  6. 20 

Depth,  ft 37.  6  /  26  shaft 

\13  tunnel 

Removing  Forma,  S?iafta  in  Rock,  Drainage  Canal  Tunnd 

Total  cost $40. 86 

Progress,  ft f  63.  6  shaft 

\  13      tunnel 

Cost  per  lin.  ft $  0.  66 

Cost  per  cu.  yd 0.16 

Total  cost  of  concreting  and  removing  forms  per  ou.  yd.;  North  Shaft,  $6.46; 
South  Shaft,  $5.35 

Concreting  Tunnel,  Drainage  Canal  Tunnel 

Total  cost $1 .  636. 96 

Cost  per  ft 4. 00 

Cost  per  cu.  yd 3.  66 

Length  ft 382 

WESTEBN  AVE.  TUNNEL  UNDEB  THE  WEST  FOBK  OF  THE  SOUTH  BBANOH  OF  THM 

CHICAGO  BIVEB 

Tlii8  tunnel  was  similar  in  all  respects  to  the  tunnel  under  the  Draiiui(e 
(^unul.  The  first  10  or  15  ft.  of  the  north  shaft  in  rock  had  to  be  ttmberad, 
the  rock  being  of  such  loose  character. 

On  account  of  a  change  in  alignment  150  ft.  of  the  bottom  yaryiog  in  depth 
from  0  to  3  ft.  had  to  be  removed  in  order  to  obtain  the  proper  grade.  The 
charge  of  tills  should  not  be  made  directly  to  the  tunnel  ezcavatioa.  The 
method  of  blasting  was  the  same  as  in  the  Ashland  Ave.  Tunnel,  ttaa  wofk 
being  done  under  the  supervision  of  the  same  foreman. 


Tbe  casta  of  (be  differei 
Fork  Tumtel  fallow. 

Co.!  o/  Prelimiy 

This  includes  ecectine  he 

.netalUne  cage  am)  track,  e 

TotBlCDBt 

Coet  per  [t.  chuged 
CoBt  JKT  ft.  charged 


Total  coat 

Depth,  It 

Cost  per  ft 

Coat  per  cu.  yd 

Graund— South  Shaft;  S 
hardpan  sod  boulden.  Wt 
BDd  boulden. 

Shaft  Ex. 

Total  eosl 

E>eptli.  ft 

Cost  per  ft. 

Com  per  ou.  yd 


Cwt  perft.' 


CoslE^'cu.'yd.V 


Total  coat 


Total  COBI 
Depth,  ft . . 

Cost  per  cu. 


&;«*^r'ft:.. ■;.■.. 

Coat  pet  cu   yd . . 
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When  the  full  shift  was  at  work  16  ft.  were  mined  and  concreted  during  the 
three  8-hour  shifts.  Mining  was  carried  on  from  12  o'clock  midnight  untU 
3  o'clock  P.  M..  and  on  the  3-11  shift  the  concrete  linning  was  placed. 

It  was  first  attempted  to  use  40  per  cent  dynamite  to  loosen  up  the  day,  but 
following  the  first  shot  a  lump  of  clay  fell  on  the  leg  of  one  man  and  broke  it, 
after  which  the  ground  was  grubbed  out.  The  bottom  half  was  hard  day 
and  hardpan  and  the  top  half  was  medium  day. 

In  the  shafts  with  four  miners  per  shift  working  10  ft.  were  excavated  per 
24  hours.  About  4H  cu.  yds  were  averaged  per  8  hours  for  each  man  digging 
In  both  the  shafts. 

In  concreting  the  shafts  the  steel  rings  holding  the  lagging  were  removed 
from  the  shaft  and  the  lag^^ing  taken  away  from  the  excavation  and  placed 
against  centers  for  forms.  A  platform  was  made  to  fit  over  the  forms  and 
upon  it  the  concrete  was  dumped  and  then  shovded  into  place  and  tamx)ed. 

In  concreting  the  tunnel  the  bottom  was  first  placed  and  graded  to  templet. 
A  board  floor  was  then  laid  over  this  concrete,  the  centers  placed  and  the  lag- 
ging set  in  as  the  concrete  came  up. 

The  concrete  was  hand  mixed  on  a  platform  at  the  top  of  the  shaft,  loaded 
into  cars  and  let  down  on  a  cage  into  the  timnel. 

The  costs  in  the  different  classes  of  the  work  in  the  construction  of  the  In- 
diana Street  Tunnel  follow. 

Preliminary  and  General  Work,  Indiana  Street  Tunnel 

Total  cost SI .  186. 35 

Cost  to  be  charged  to  shaft  per  ft 3. 60 

Cost  to  be  charged  to  tunnel  per  ft 1 .  80 

Shaft  Excavation,  Indiana  Street  Tunnd 

East  shaft        West  shaft 

Total  cost SI. 004.30  S775.00 

Depth,  ft 92  78 

Cost  per  ft 10. 90  10.  60 

Cost  per  cu,  yd 2. 60  2. 50 

* 

Tunnel  Excavation,  Indiana  Street  Tunnd 

Total  cost S2,080. 86 

Progress,  ft 386 

Cost  per  ft 6. 26 

Cost  i>er  cu.  yd •      2. 86 

Excavation  vt&a  half  medium  and  half  hard  clay. 

Concreting  Shafts,  Indiana  Street  Tunnel 

East  shaft        West  shaft 

Total  cost S444. 60  S366.00 

Lin.  ft 90  71 

Cost  per  ft 4. 96  6. 16 

Cost  per  cu   yd 3.80  8.06 

Concreting  Tunnel,  Indiana  Street  Tunnel 

Total  cost SI,  166.40 

Lin.  ft 886 

Cost  per  ft S        8. 66 

Cost  per  cu.  yd 2 .86 

ILLINOIS  AND  MICHIGAN  CANAL  TUNNBL  AT  WBBTBBN  AVS. 

This  tunnel  was  constructed  by  the  same  firm  and  under  the  oopervlikA 
of  the  same  foreman  as  was  the  Indiana  tunnd.  Powder  was  used  in  omvir 
ting  this  tunnel,  but  the  day  was  too  springy  for  good  results. 

Some  bad  cement  was  delivered  and  used  before  testing  midGh  did  not 


et  up.    Ab  a  coDsequeDce 
eploced. 

Tbe  north  ahnlt  ol  this  1 
or  rajsing  and  lowering, 
lod  been  used,  but  the  tlr 
The  costs  ot  the  ditleiei 
md  Midiigiut  canal  tunne 
Com  Qf  Tunnel  ' 
ToUl  cost   


Total™ 


Progre«.  ft 

Cost  per  ft 

Cost  per  cu.  yd.. 


Progress.  II 


Cgat  p. 


This  tunnel  and  shahs 

ever,  that  quicksand  wouli 
ttiat  the  tunnel  would  be  ii 
to  use  8  X  8  ft.  octagona 
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sand  and  gravel  on  top  and  hard  clay  on  the  bottom  from  the  east  shaft  aDd 
through  hard  clay  from  the  west  shaft. 

When  the  eye  in  the  west  shaft  was  cut  for  the  tunnel  the  ground  fell  into 
the  shaft  and  the  surface  of  the  ground  at  the  top  of  the  shaft  sunk  10  ft. 
tipping  over  the  hoisting  engine  and  compressor. 

No  timbering  was  necessary  to  hold  the  ground  in  the  tunnel  from  the  west 
shaft,  but  the  tunnel  sides,  roof  and  face  from  the  east  shaft  had  to  be  sheeted 
tight. 

In  the  timnel  from  the  east  shaft  one  miner  worked  with  two  muckers  each 
shift.  The  miner  on  one  shift  was  an  Assyrian  with  experience  in  this  daa 
of  work.  The  tunnel  was  excavated  and  lined  in  4  ft.  sections.  The  escsnr 
tion  was  started  at  the  crown,  and  by  removing  the  upper  half  the  center  verti- 
cal plank,  which  had  been  previously  placed  to  hold  up  the  face,  the  wet  sand 
and  gravel  could  be  removed  by  hand  until  there  was  room  to  place  the  crown 
plank  and  place  a  post  under  it.  This  method  was  continued  down  each  side 
in  turn  until  the  springing  lines  were  reached,  at  which  point  ground  wis 
reached  which  would  stand  up.  The  timbering,  except  the  posts,  was  left  In 
and  the  concrete  lining  placed.  The  posts  were  removed  as  reached  by  tlie 
concrete. 

The  costs  of  the  different  classes  of  work  in  the  coiutruction  of  the  Dlveney 
Blvd.  tunnel  follow. 

Co8t  of  General  Work,  Diversey  Blvd.  Tunnel 

Total  cost 92,820.  50 

Cost  per  ft.  to  be  charged  to  shaft 7.  80 

Cost  per  ft.  to  be  charged  to  tunnel 3.  90 

Coat  of  Shaft  Excavation  Diversey  Blvd.  Tunnel,  East  Sha/l 

— Excavating Timbering —   Placing  tfaleld 

Total  cost SI  ,074.  50  $406.  60  $174.  fiO 

Progress,  ft 65. 8  

Depth  of  timbering,  ft 60                

Depth  of  shield,  ft 16 

Cost  per  ft 16.  30  8. 10  10. 90 

Cost  per  cu.  yd 3. 05  

Cost  of  Shaft  Excavation,  Diversey  Blvd.  Tunnel,  West  Shafi 

— Excavating Timbering —   Pladng  shield 

Total  cost $1,122.50  $482.76  $211.00 

Progress,  ft 71  

Depth  of  timbering,  ft 86                

Depth  of  shield,  ft 36 

Cost  per  ft 15.80  13.76  5.85 

Cost  per  cu.  yd 2. 80  

Cost  of  Excavating  Tunnel,  Diversey  Blvd.  Tunnel 

From  From 

East  shaft       West  *ahaft 

Total  cost $2  ,  747.00  $1,190.00 

Progress,  ft 328  122 

Cost  per  ft 8.40  9.76 

Cost  per  cu.  yd 3.00  8.50 

Cost  of  Concreting  Shafts,    Diversey  Blvd.  Tunn^ 

From  From 

East  shaft  West  shaft 

Total  cost $718.00  $485.50 

Progress,  ft 62  69 

Cost  per  ft 11. 60  7.05 

Cost  per  cu.  yd 4. 00  4.90 
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Table  III. — Summart  of  Unit  Costs,  Givino  Cost  Per  Lin.  Ft.  for  Gbniral 
AND  Plant,  and  Grand  Totals  Per  Lin.  Ft.  for  Shafts  and  Tunnels 


Ashland  Avenue  tunnel — 
Plant  and  general  per  lin.  ft. 
Grand   total  per  lin.  ft. . . 
Drainage  Canal  tunnel — 

Plant  and  general 

Grand  total 

West  Fork  tunnel — 

Plant  and  general 

Grand  total 

Indiana  Street  timnel — 

Plant  and  general 

Grand  total 

111.  <k  Mich.  Canal  tunnel — 

Plant  and  general 

Grand  total 

Diversey  Blvd.  tunnel — 

Plant  and  general 

Grand  total 


Shafts  in 
clay 

Shafts  in 
rock 

Tunnels 
in  clay 

Tunnela 
in  rock 

$  6.20 
22.90 

$  6.20 
48.95 

$  3.10 
19.45 

6.60 
27.60 

6.60 
47.40 

3.80 
21.15 

11.00 
26.85 

11.00 
49.30 

5.50 
26.65 

3.60 
19.40 

%  1.80 
11.60 

4.80 
23.60 

2.40 
12.90 

7.80 
32.25 

3.90 
15.  ^P 

Cost  of  Tunnel  for  the  Tallulali  Falls  Hydro-Electric  Development  in 
Georgia. — Charles  G.  Adsit  and  Eugene  Lauchli  give  the  following  dnta  in 
Engineering  and  Contracting,  May  6,  1914. 


Fig.  2. — Section  of  tunnel,  Tallulah  Fklls  developmeiit. 

The  tunnel  6,665  ft.  long  and  of  dimensions  indicated  in  Fig.  2  WW  drtfA 
to  convey  water  from  the  diverting  dam  to  a  forebay  or  surge  lOflorvoAr. 

The  tunnel  was  driven  on  a  2  in  1,000  grade,  sloping  from  the  intake  doM 

to  the  forebay,  through  a  grey  blueish  granite,  dipping  downatream  at « 

ogle  of  22"^,  wich  occasional  mud  seams.    The  ground  stood  weU  gfiOtnMjt 

1  only  6  per  cent  of  the  tunnel  length  required  timbering  during  oooatmettflB- 
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Owing  to  the  steepness  of  the  gorge,  at  the  mouth  of  the  adits  and  intake 
portal,  much  of  the  tunnel  muck,  necessary  for  the  concrete  aggregate  was  lost, 
and  it  was  found  necessary  to  open  a  quarry  at  adit  No.  3. 

As  a  whole,  the  labor  available  was  extremely  poor  and  unreliable  for  this 
class  of  work.  Negro  labor  was  used  chiefly.  Some  Hungarians  and  Chero- 
kee Indians  gave  somewhat  better  results.  Rainy  weather  (annual  rainfall 
varying  from  70  to  80  ins.)  was  a  serious  hindrance  to  progress.  During 
holidays  a  large  number  of  men  would  leave,  thus  resulting  in  onerous  trans- 
portation charges,  and  it  was  no  small  task  to  organize  and  break  in  two  shifts 
of  men  for  10  working  points.  Thus  labor  conditions  account  chiefly  for 
the  somewhat  slow  progress  in  driving  the  tunnel. 

Two  shift  were  worked  per  day  at  each  heading,  a  shift  consisting  of  4 
drillers,  4  helpers,  6  muckers,  2  trammers,  1  foreman.  Mules  were  used  for 
haulage.  .  At  the  adits,  forebay  and  intake,  one  blacksmith  and  one  helper 
did  the  drill  sharpening. 

The  following  wages  prevailed:  Drillers,  $2.50;  drill  helpers,  $1.75;  muckers, 
$1.65;  foremen,  $4.50;  blacksmiths,  $3.50;  helpers,  $2.00;  carpenters,  $3.00; 
concrete  men,  $1.75. 

Work  at  the  intake  heading  and  driving  of  adit  No.  1  was  started  during 
July,  1911,  and  work  at  adit  No.  2  on  the  following  month.  The  intake  top 
heading  was  first  excavated  for  a  length  of  800  ft. ;  at  this  point  ground  pressure 
necessitated  heavy  timbering  and  in  some  instances  the  roof  caved  in  for  a 
height  of  10  ft.  Progress  was  very  slow  and  costly;  some  water  was  encoun- 
tered, and  as  the  tunnel  was  being  driven  down  grade,  pumping  had  to  be 
resorted  to  in  order  to  keep  the  heading  dry.  It  was  then  deemed  advisable 
to  carry  the  bench  excavation  close  to  the  heading,  and  work  was  suspended 
pending  the  completion  of  the  bench  excavation. 

The  headings  at  adit  No.  1  and  2  were  carried  at  the  top  of  the  tunnel.  A 
top  heading  was  also  started  in  September,  1911,  from  the  bottom  of  the  fore- 
bay,  the  material  excavated  being  handled  with  a  derrick  located  at  the  mouth 
of  same.  After  the  heading  had  been  driven  some  500  ft.,  a  soft  seam  WM 
struck,  necessitating  timbering. 

In  June,  1912,  after  the  shaft  between  the  intake  and  adit  No.  1  had  been 
sunk  to  grade,  and  adit  No.  3  had  been  driven  to  the  main  tunnel,  t^wMUng" 
8  ft.  high  were  driven  at  the  bottom  of  the  tunnel  section,  and  the  overlyfog 
material  was  stoped  down  on  the  tunnel  floor. 

The  average  progress  for  heading  and  bench  excavation  during  the  jetr 
1912  was  30  and  38  ft.,  respectively,  per  week  (6  dajrs).  Twice  the  prognM 
was  made  in  stoping  work  as  in  bench  excavation,  at  a  less  cost  of  about  60  ct& 
per  cubic  yard.  During  April,  1912,  about  1,784  cu.  yds.  of  bench  material 
were  excavated  at  a  cost  of  $4,315  per  cubic  yard,  and  during  May  of  the  same 
year  3,807  cu.  yds.  of  rock  were  stoped  down  at  a  cost  of  $a.780  per  cubic 
yard,  or  at  a  lesser  cost  of  $0,526  per  cubic  yard.  The  co£ft  of  bench  and 
stoping  work  was  as  per  Table  IV, 
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The  cost  of  excavating  39,831  cu.  yds.  of  tiuinel,  from  February,  1912,  to 
April,  1913,  was  as  given  in  Table  VI. 

Tablk   VI. — Total  Cost   op   Tunnel  Excavation,   39,831   Cu.   Ydb. 

February  1,  1912  to  April  31,  1913 

Cost 
Items—  per  cu.  3rd. 

Labor S3. 833 

Explosives 604 

Lubricants .  019 

Piping 026 

Drill  repairs .  172 

Miscellaneous  supplies .  237 

Freight 087 

Transportation ^ .  247 

liability  insurance .  181 

Miscellaneous  charges .  066 

Depreciation  on  equipment ,  160 

Power* 306 

Total $5,928 

*  This  item  represents  that  part  of  the  original  cost  and  cost  of  operation  of 
compressor  plant  No   1  chargeable  to  tunnel  excavation.. 

Concrete  Lining. — Work  on  the  lining  was  not  started  until  September,  1912i 
i.e.,  at  a  time  when  the  tunnel  had  been  practically  completely  excavated. 
About  120  ft.  of  tunnel  invert  was  concreted  first  at  adit  No.  3,  and  Blaw 
collapsible  steel  fonns  were  then  erected  and  concreted.  It  was  soon  found 
out  that  it  would  be  preferable  to  concrete  the  side  walls  and  arch  first,  and 
later  on  the  invert,  and  this  procedure  was  then  followed  throughout. 

A  total  length  of  240  lin.  ft.  of  Blaw  forms  were  used,  the  lining  being  carried 
on  simultaneously  at  three  points.  Three  concreting  machines  furnished  by 
the  Concrete  Mixing  &  Conveying  Co.  of  Chicago  were  installed  and  operated 
by  air  at  100  lbs.  pressure.  The  best  results  were  obtained  when  conveyiiig 
concrete  to  the  steel  form^,  erected  in  20  ft.  lengths  only,  through  0-in. 
diameter  spiral  pipes.  The  concrete  was  a  1 :3 :5  mixture,  the  aggregate  befng 
not  over  2  ins  in  size.  In  using  these  concrete  conveying  machines,  great 
care  had  to  be  exercised  in  order  to  prevent  the  formation  of  Toids  wiiUn 
the  lining,  as  its  thickness  was  relatively  small.  In  general,  it  was  found  that 
a  somewhat  better  finish  would  have  been  obtained  had  the  lining  been  gireii 
a  greater  tliickness,  as  it  was  somewhat  difficult  to  clean  thoroughly  tbe  tanm 
after  these  had  been  used.  However,  the  results  obtained  were  satisfactoiy 
for  the  purpose  intended;  in  wet  places  the  concrete  was  somewhat  honiBy- 
combed,  but  this  defect  was  corrected  during  the  grouting  process. 

In  places  where  the  tunnel  roof  was  high,  it  was  found  cheaper  to  use  ocm- 
crete  rather  than  spalls  for  back  filling,  inasmuch  as  all  voids  were  to  be 
grouted. 

The  average  progress  of  concreting  varied  from  30  to  60  ft.  jjer  week  (6 
days),  the  average  for  the  whole  tunnel  being  about  60  ft.  The  invert  wM 
laid  without  air  concreting  machines,  as  it  was  found  that,  in  order  to  obtain 
satisfactory  results,  the  concrete  had  to  be  delivered  in  a  confined  apace.  The 
invert  was  laid  at  a  rate  of  about  745  ft.  per  week. 

The  cost  of  the  concrete  lining  is  given  in  Table  VII.  Cement  Wis  sold 
by  the  Northern  Contracting  Co.  to  the  sub-contractor  for  the  sum  at  tlJBO 
per  barrel. 
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In  the  tunnels  where  sandrock  was  encountered,  a  little  more  time  for 
drilling  and  more  powder  were  required;  but  there  was  very  little  difference 
in  the  progress  made. 

In  Uning  the  tunnels,  the  floor  was  run  in  first,  contrary  to  the  usual 
practice,  then  the  sides  and  then  the  roof.  The  mix  for  the  latter  was  1:3:5; 
for  the  floor  and  sides  it  was  1 :2 :4.  The  mixing  was  done  outside  by  machines 
and  carried  in  by  cars  on  track.  Four  men  in  the  tunnel,  two  taking  turns 
shoveling  overhead,  and  two,  one  on  each  side,  tamping  back  into  place,  would 
ordinarily  put  in  60  ft.  of  roof  in  8  hours.  The  maximum  run  was  70  ft.  in  8 
hours. 

During  most  of  the  work  labor  was  paid  $4.50  per  8-hour  day,  and  part  of 
the  time  $5.50. 

The  following  tabulation  summarizes  the  cost  of  driving  and  lining  the 
eight  tunnels: 

Total  cost  per  Excavation  cost     Lining  cost 
Tunnel  No.         Length,  ft.  lin.  ft.  per  cu.  yd.  per  cu.  yd. 

1  1.920.0  $21.20  $4.10  $22.20 

2  782.5  24.20  6.20  22.80 
9                     1,363.0                 20.00                     3.33  23.40 

10  1,080.5  19.70  3.39  22.30 

11  883.0       18.20        3.89        21.00 

12  893.0       18.00        3.51        22.00 

13  651.0       18.70        3.32        22.40 

14  1,145.0       19.60        3.13        27.20 


Total 8.718.0  $20.10  $^.73  $23.00 

Tunnel  No.  1 — Sandstone  of  varying  hardness  and  irregular  fracture. 

Tunnel  No.  2 — Cemented  gravel  and  large  boulders.  Could  not  use  augers  or 
machine  drills.     Much  overbreak. 

Tunnel  No.  3 — Soft  sandstone.     Concrete  run  in  from  one  end  only. 

Tunnel  No.  4 — Soft  sandstone. 

Tunnel  No.  5 — Soft  shale  with  considerable  gravel  intermixed. 

Tunnel  No.  6 — Soft  shale.  Lined  in  winter.  Water  hauled  several  miks 
imder  bad  conditions. 

Tunnel  No.  7 — Soft  shale.     Concrete  material  hauled  5.7  miles. 

Tunnel  No.  8 — Soft  shale  with  considerable  overbreak.  Concrete  material 
hauled  6  nules  and  water  3  miles  in  winter  over  almost  impassable  roads. 


Cost  of  Cross  Cutting,  Amador  County,  California. — ^Important  facton 
in  cross  cutting  based  on  actual  mining  operations  are  outlined  by  Edwin  Hig>' 
gins  in  a  bulletin  issued  on  July  1  by  the  California  Metal  Producers'  Aaaoda- 
tion.  The  data  are  the  result  of  an  investigation  conducted  at  the  mines  In 
Amador  County,  California.  The  matter  following  is  taken  from  an  abstract 
of  the  bulletin  published  in  Engineering  and  Contracting,  Sept.  19,  1917. 

A  summary  of  the  data  relating  to  the  driving  of  10  cross  cuts  In  varioul 
California  mines  is  given  in  Tat)le  VIII.  In  this  table  costs  are  figured  <Mily 
on  labor  and  explosives,  the  following  charges  being  made  for  labor:  Drill 
men,  $3;  chuck  tenders  and  muckers.  $2.50. 

All  the  cross  cuts  are  in  the  hard  greenstone  of  Amador  County  oosqrt 
operation  No.  8  (hanging  wall  slate),  oi)eration  No.  9  (andesite  and  achlit) 
and  operation  No.  10  (slate).  Five  degrees  of  hardness  were  sheeted,  Na  5 
being  the  hardest.  Most  of  the  rock  encountered  was  uniformly  hard.  Tbt 
strength  of  the  caps  used  was  6X. 
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For  fear  of  creating  an  erroneous  impression  regarding  the  use  of  some 
particular  drill,  it  was  decided  not  to  mention  the  make,'  but  simply  to  divide 
the  drills  into  two  classes,  piston  drills  using  solid  steel,  and  hammer  drills 
using  water  through  hollow  steel.  In  practically  all  of  the  operations  1-ton, 
steel,  end-dump  cars  were  used,  and  shoveling  was  done  either  from  a  steel 
sheet  or  from  planks.  Hand-tramming  was  used  in  all  of  the  operations  except 
No.  3,  in  which  mules  were  used.  The  track  gage  in  all  cases  was  18  in.,  and 
16-lb.  rails  were  used  except  in  operations  Nos.  6  and  10,  where  12-lb.  rails 
were  used.  No.  timber  was  used,  except  in  operations  Nos.  6,  6  and  7,  which 
required  a  few  sets  each. 

Operation  No.  1 :  This  work  was  done  in  1915,  the  cost  of  the  94  ft.  being 
as  follows: 

Percentage 
of  total 
Cost  cost 

Drilling  aabor) $295.25  41.2 

Mucking  and  tramming 192. 50  26.8 

Supplies 48.50  6.8 

Powder  (at  11  cts.  per  lb.) 181.45  25.2 

Total $717.70 

or  $7.63  p«r  ft. 


Operation  No.  2 :  Of  the  346  ft.,  239  were  driven  in  1916  and  107  ft.  in  1017. 
The  1916  costs  were  as  follows: 

Peroenttflt 
of  total 
Cost  eo«t 

DrilUng  (labor) $    785.26  81.4 

Muclcing  and  tramming 583.25  28.8 

Powder 946.45  87.9 

Track,  ties  and  incidentals -  -    186.43  7.4 

Total $2,501.38 

or  $10.46  per  ft 

The  costs  during  1917  (107  ft.)  were  as  follows: 

PeroentM* 
oftot^ 
Cost  cost 

DrilHng  (labor) $    292.00  27.6 

Mucking  and  tramming 827.00  80.9 

Supplies 84.20  8.0 

Powder  (at  17  cts.  per  lb.) 354.20  38.6 

Total $1,067.40 

or  $9.88  per  ft 


Operation  No.  3:  Firing  was  done  electrically  from  a  llO-volt  Hy  i^ 
switch,  using  delay  exploders. 

Cycle  of  Operations:  Machineman  goes  to  work  at  7K)0  a.  m.,  flniiing  deia 
set-up.  He  drills  and  shoots  at  about  3:00  o'clock. .  Two  miicken  go  on  it 
7:30  p.  m.,  muck  out,  clean  up  and  put  in  platform  for  n«ct  shift.  All  driU 
parts  are  kept  available  in  duplicate. 

Operation  No.  4:  Practically  same  cycle  of  operations  as  No.  3«  exoept  that 
two  shifts  are  worked.    Machineman  comes  on  to  a  dean  Bet-uis  drUUnf  and 


SI 

)tlng  about  3:30  p.  m. 
c  (or  a  clean  aet-up.  Thi 
:00  p,  m.  He  dcilLa  and  f 
;  00  a.  m.  and  muck  bac 
have  a  cleao  seC-up. 

,ter  efflcieocy.  The  IJ-J- 
;li  suffice  to  drill  onl; 
igoD,  hollow  steel,  with  C 
□ore  and  new  steel  drill? 
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:ycle  of  operations ;  Drilli 
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Cost  per  foot  for  1,015  ft.  of  drifting  under  all  conditions:  all  timbered  and 
from  soft  to' very  heavy  ground: 

Drillers $  3.90 

Engineers .12 

Trammers  and  shovelers 3 .  81 

Timbermen 1 .20 

Powder 1 .  19 

Fuse 13 

Caps .06 

Candles 20 

Timber 1 .  90 

Power 60 

$13.10 

Operation  No.  9:  Detailed  cost  for  150  ft.  of  cross  cut: 

Explosives $     142.00 

Steel 20.00 

Timber 37 .  80 

Pipe 22.60 

Air 20.00 

Labor 993.60 

Total ^ $1,235.40 

or  $8.24  per  ft 

Track,  superintendence,  surveying  and  power  bring  the  total  coet  up  to 
$10.34  per  foot. 

Cycle  of  Operations:  Start  setting  up  horizontal  bar  and  machine  at  7:00 
a.  m.  Top  holes  drilled  by  noon  and  by  the  time  muckers  had  the  preTioui 
round  mucked  out ;  would  then  tear  down  and  set  up  for  the  lifters.  Round 
would  be  ready  to  shoot  by  2 :  00  p.  m.  This  operation  continued  for  time 
shifts. 

Operation  No.  10:  The  best  progress  was  53  ft.  over  a  10  day  period,  or  it 
the  rate  of  160  ft.  per  30  days.  The  average  rate  was  about  120  ft.  per  numtb. 
Actual  drilling  time  for  a  round  was  5  hr.,  setting  up  and  tearing  down  taklm 
up  2  hr. 

Expenses  over  a  distance  of  100  ft.: 

700  lb.  power,  at  17  cts $110.00 

220  caps,  at  $1.30  per  100 2.86 

1320  ft.  fuse,  at  $5.20  per  100  ft 6.86 

160  lb.  steel,  at  $0,093  cts.  per  lb 14. 90 

100  ft.  2-in.  pipe,  at  16  cts.  per  ft 16.00 

Contract  100  ft.,  at  $4.50  per  ft 460.00 

Air 20.00 

Total $629.68 

or  $6.80  par  fL 

Track,  superintendence,  surveying,  assaying,  apportionment  of  pomr* 
hoisting,  etc.,  bring  the  cost  up  about  $3.60  per  ft.,  maldng  the  total  cost  $0.W 
per  ft. 

All  drilling  and  shooting  was  done  on  day  shift.  Mucking  and  laying  pbuib 
and  track  was  done  on  night  shift. 

378.5  man-shifts  were  worked,  or  153  shifts  day  and  night. 

Coynmevta  on  the  Various  Operations. — Nos.  1  and  2:  These  tWO  oporatifllll 
afford  a  fair  comparison  of  ttie  solid-steel,  piston  drill,  as  compand  with  that 
of  the  water  hammer  drill.     The  94  ft.  of  operation  No.  1  were  driven  wlthi 
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In  the  hard  greenstone  and  slate  found  in  the  Amador  Ck>imty  Tninftn,  tte 
water-hammer  type  of  drill  is  superior  to  the  solid-steel  piston  drill. 

Apparently  the  Carr  bit  does  faster  work  in  this  rock. 

Working  by  day's  pay  with  a  bonus  makes  for  speed  and  economy. 

The  use  of  1-in.  hollow,  hexagonal  steel,  with  Carr  bit.  as  against  IH-^ 
hollow,  round  steel,  with  cross  bit,  makes  for  speed  and  economy. 

It  was  brought  out  that  in  an  operation  the  same  progress  was  made  bf 
working  two  shifts  as  had  previously  been  made  working  three  shifts.  TUi 
was  due  chiefly  to  the  fact  that  the  ventilation  was  very  poor.  The  furtha 
fact  was  brought  out  that  in  poorly  ventilated  headings  the  efficiency  of  tbe 
men' is  often  impaired,  and  sometimes  they  are  entirely  overcome,  by  powdcf 
gas.  It  appears  that  this  trouble  is  more  acute  where  the  rock  is  hard.  Beit 
results  seem  to  have  been  attained  by  blowing  out  the  heading  with  a  combJned 
air  and  water  spray  after  blasting.  Where  water  is  available  the  muck  pib 
should  be  sprayed  from  time  to  time,  as  an  aid  in  keeping  down  powder  gii. 

Inasmuch  as  the  prime  factor  in  drilling  efficiency  is  the  force  and  frequencj 
of  the  blow  struck  by  the  drill,  it  is  of  importance  to  keep  compressors  worUng 
up  to  efficiency  and  to  watch  carefully  for  leaks  in  the  air  line  so  that  the  proper 
pressure  may  be  maintained  at  the  drill. 

Drilling  economy  muy  be  secured  by  conducting  experiments  on  the  proper 
strength  and  amount  of  powder  to  be  used,  the  kind  of  bit  to  be  used  and  tbe 
proper  numbtT,  angle  and  size  of  drill  holes. 

Electrical  blasting  is  recommended  where  current  is  available. 

The  keeping  of  detailed  casts  on  each  operation  enables  the  operator  toeiti- 
mate  closely  the  cost  of  proposed  work.  It  also  affords  a  check  on  work  in 
progress,  the  operator  at  any  time  being  able  to  locate  any  item  that  might  be 
causing  an  unnecessary  increase  in  cost. 

Costly  delays  may  be  eliminated  by  keeping  duplicate  drill  parts  dose  at 
hand. 

Misfires  are  a  most  important  factor  in  causing  delays.  It  is  lecmnnunded 
that  records  be  kept  of  misfires  so  that  remedial  measures  may  be  taken  should 
they  exceed  2  per  cent. 

A  good  drill-steel  blacksmith  is  an  absolute  necessity  for  efficient  work. 

Cost  of  10  X  IS  Ft.  Tunnel  at  Copper  Mountain,  B.  C. — ^Very  rapid  prOf* 
ress  was  made,  in  the  driving  of  the  main  haulage  level  at  the  Copper  MountilB 
Mines  of  the  Canadian  Copper  Corp.,  Ltd.,  near  Princeton,  B.  C.  Hm 
methods  employed  in  this  work  were  described  by  Oscar  t«achinund,  ia  • 
paper  pre.s(>nte(l  in  the  fall  of  1918  at  the  Chicago  meeting  of  the  A.  I.  M.I- 
from  which  the  matter  in  this  article  was  abstracted  in  Engineering  and  OoB- 
tracting,  March  10,  1919, 

Conditions  were  unfavorable  for  economical  operations.  The  coot  of  poW 
was  high,  for  the  fuel  was  of  poor  grade;  besides,  during  the  time  the  wwlcww 
in  progress,  very  little  other  power  was  needed  so  that  most  of  the  pomeoit 
was  charged  against  the  footage.  The  transmission  line  eonslsted  of  Na  4 
galvanized  iron  wire  with  the  result  that  the  line  loss  was  considerable.  Ifei 
voltage  transmitted  was  about  30,000.  The  plant  was  operated  uiKkr  a 
lease,  which  was  due  to  expire  about  the  same  time  this  work  was  av 
posed  to  be  completed;  an  extension  was  refused;  therefore  speed  wasmoift 
important. 

The  plans  called  for  a  straight  adit  2.900  ft.  in  length.  At  a  point  S^OOft 
from  the  portal,  two  raises  were  to  be  put  up  to  the  neit  neaicst  vorUmp,  • 
difference  in  elevation  of  about  800  ft.     One  of  these  was  to  be  |i  a-oonqpsit- 
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the  face  as  much  as  possible.  This  was  sometimes  helped  by  pladzig  diaigtf 
of  explosive  outside  and  beneath  the  lifters ;  these  were  called  muckeTS,  aod 
were  set  to  go  off  after  the  rest  of  the  round  had  been  fired. 

The  powder  used  was  a  non-freezing  kind,  varying  in  strength  from  40  to 
60  per  cent  nitroglycerin,  depending  on  the  hardness  of  the  rock  at  the  face. 

The  rock  was  handled  in  small,  V-shaped,  hand-dump  cars  of  about  1,000-Ib. 
capacity.  Tramming  was  done  by  hand  until  the  distance  from  heading  to 
dump  became  too  great,  *when  horse  haulage  was  substituted;  later  this  «« 
replaced  by  an  electric  installation.  Steel  plates  were  laid  on  the  bottom  for 
a  distance  of  30  to  40  ft.  from  the  face,  to  facilitate  shoveling,  also  to  permit 
shunting  empty  cars  past  the  loaded  trains  and  thereby  eliminating  the  need 
for  double  track. 

The  cars,  being  light,  were  easily  pulled  from  the  track  and,  with  bodlM 
tilted,  were  passed  on  the  steel  plates,  alongside  of  the  loaded  cars  and  then 
pushed  back  on  to  the  track  at  the  muck  pile  and  loaded.  Temporary  tridc 
was  laid  close  up  to  the  face  before  firing  a  round.  The  T-rails  were  laid  on 
their  side,  allowing  the  fianges  of  the  car  wheels  to  run  on  the  grooves  thus 
formed. 

The  foul  air  and  gases  were  removed,  after  each  round  was  fired,  by  a 
Connersville  rotary  blower  of  10  cu.  ft.  capacity,  stationed  at  the  portal  of 
the  tunnel.  Later,  a  similar  machine  was  placed  about  halfway  in  the  a(Ut 
and  worked  in  tandem  with  it.  The  blowers  were  set  to  exhaust  toward  the 
surface  through  a  12-in.  wire-wound,  wooden  stave  pipe.  The  men  were  able 
to  return  to  the  heading  within  15  minutes  after  firing. 

The  mucking  crew  was  divided  into  three  gangs,  on  each  shift,  averaging  11 
men  per  shift.  The  work  was  divided  so  that  one  gang  was  shoveling  muck, 
another  was  picking  down  from  the  muck  pile,  while  the  third  was  bringing 
up  empty  cars  and  forming  them  into  trains  after  they  were  loaded.  This 
latter  work  did  not  take  up  the  entire  time,  so  that  this  gang  had  an  opportun- 
ity to  rest.  As  soon  as  a  train  was  loaded,  the  gangs  changed  jobs;  that  Is, 
the  pickers  went  at  shoveling,  the  car  handlers  took  the  picks,  and  the  shov- 
clers  took  the  easy  work,  and  so  on.  Greater  efficiency  was  maintained  in 
this  manner,  as  the  change  of  work  tended  to  rest  the  men  and  they  were  aUo 
to  work  continuously. 

A  bonus  system  was  also  a  large  factor  in  keeping  the  men  up  to  the  mariE. 
This  was  based  on  a  daily  advance  of  9  ft.,  upon  which  the  then  "going 
wages  were  guaranteed;  for  all  advance  over  9  ft.,  $6  per  foot  was  added  u 
bonus.  For  each  set  of  timber  placed,  an  allowance  of  3  ft.  was  made,  idddi 
applied  on  the  bonus.  Current  wages  at  the  time  were  $4.60  for  miners,  $4 
for  helpers,  and  $3.50  for  common  labor.  The  bonus  distribution  brou^ 
these  amounts  up  to  $5.91  for  miners,  $5.25  for  helpers,  and  $4.69  for  mudoBn. 
The  foreman  and  the  shift  bosses  also  shared  in  the  bonus,  the  dlstrfbutkii 
being  made  by  pro-rating  the  bonus  in  the  same  ratio  as  the  amount  of  regular 
wage  received  by  each  man.  Everybody  seemed  satisfied  and  no  difflcultlei 
were  experienced  as  far  as  the  labor  situation  was  concerned. 

The  work  was  begim  on  Oct.  9,  1917,  and  the  tunnel  was  finished  March  11* 
1918,  a  total  of  154  days.  The  actual  working  time  was  160  days,  four  daya 
being  lost  on  account  of  a  break  in  the  power  line. 

The  length  of  the  adit  is  2,903  ft.  and  the  daily  average  progress  was  10^  fk 
for  each  working  day.  The  greatest  advance  in  any  one  month  was  in  Deoem- 
ber,  1917,  when  a  total  of  645  ft.  was  driven.  The  amount  of  rock  »iM"<ia«i  || 
estimated  at  185  tons  per  day.    The  material  penetrated  WM  gnnodloittei 
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Leyner  drills  with  IK -in.  round  hollow  drill  steel  with  crossblts  and  K-^ 
change  were  used.  The  gage  of  the  starter  bit  is  2^  in.,  four  changes  w«re 
made,  and  the  holes  drilled  according  to  the  V-type  cut  system.  Time  fuMS, 
No.  8  caps,  and  Du  Pont  gelatin  were  utilized  in  blasting.  The  two  mai^hina 
men  drilled,  loaded,  and  fired  26  9-ft.  holes  per  shift,  which  is  234  ft.  of  drillliif 
per  round.  The  muclcers  loaded  the  dirt  in  IH-ton  cars  and  pushed  them  to 
the  main  slope. 


Size  of  drift 7  ft.  X  12  ft. 

Holes  drilled  per  round 26 

Number  of  feet  drilled  per  round 234 

Number  of  men  per  shift 5 

Advance  of  headm^  per  shift 5.92  ft. 

Advance  of  heading  per  man  per  month 81.98  ft. 

Cu.  ft.  rock  removed  per  man  per  shift 99.46 


Cost  of  Small  Tunnel  for  Sewer  in  Very  Hard  Rock. — ^In  Engineering  Newi 
Record,  May  3,  1917,  Charles  C.  Hopkins  gives  the  cost  of  a  tunnel  410  ft. 
long  driven  under  his  supervision  in  1904-5  at  Saugerties,  N.  Y.  in  very  bard 
rock — Cauda  galli  formation. 

The  tunnel  was  4X0  ft.,  with  no  water  to  contend  with,  and  was  to  contain 
a  sewer.  The  iimcking  was  distributed  and  at  a  short  distance  from  the  tunnel 
entrance.  The  contract  price  for  the  tunnel  was  $7  per  lin.  ft.  and  the  con- 
tractor sublet  the  labor  at  $6,  furnishing  the  mucking  equipment,  explosives 
and  hand  drills.  The  equipment  consisted  of  a  second-hand  car  and  track. 
The  actual  cost  of  183  ft.  of  this  tunnel  was  as  follows: 


1,500  lb.  dynamite  @  lOicts $     167.50 

2,000  ft.  fuse  ^  ict 10.00 

1.100  exploders  @  Sets 88.00 

800  fuse  caps  (o^   let 8.00 

Labor  ^  SC.OO  per  ft 1,008.00 

Total 11.806.80 

Cost  per  lineal  foot 7 .  14 

The  use  of  the  plant  would  be  covered  by  not  to  exceed  lOcts.  pet  ft.  No 
appreciable  difference  in  cost  was  noticeable  in  the  driving  of  the  remainder 
of  the  tunnel.  The  contractor  made  no  money  on  this  work,  but  the  sub- 
contractor, after  paying  his  helpers,  earned  $454.55  for  the  1110  hours  of  Us 
time  on  the  183  ft.,  or  40cts.  per  hour.  The  subcontractor  paid  his  men  SO 
and  15cts.  per  hour  and  made  about  2H  ft.  per  day. 

Cost  of  One-Man-Per-Heading  Tunnel  Driven  Xltrough  Shale. — ^Engineer- 
ing News-Record,  April  12,  1917,  gives  the  following: 

A  sewer  tunnel  3 147  ft.  long,  lined  with  vitrified-clay  segmental  blocks  to  an 
interior  diameter  of  36  in.,  is  a  feature  of  the  Close's  Creek  sewer  system  at 
I)es  Moines,  Iowa.  The  tunnel  is  in  hard  shale  rock  that  dislntegimtes'SB 
exposure.  It  is  50  to  60  ft.  below  the  surface.  Shafts  for  manboles 
sunk  at  inter vaLs  of  300  ft.  and  headings  driven  in  both  directions  fRim 
shaft.  '  •  -..• 

The  excavation  was  sublet  to  miners,  who  used  coal  miners*  band  drflls-as 
a  rule.    There  was  oncf  man  to  each  heading,  and  be  loaded  Ua  owa«ar  nd- 
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but  was  carried  along  with  the  construction.  Another  similar  pipe  extended 
from  the  shaft  side  of  the  lock  up  to  the  face.  This  was  provided  with  a  valve 
and  was  used  to  take  out  any  water  accumulating  at  the  face.  It  also  served 
as  a  means  of  rapidly  changing  the  air  at  the  face. 

The  shields  were  of  the  ordinary  variety,  consisting  of  a  circular  steel  sbdl 
with  a  4-ft.  follower  for  the  roof.  Two  different  sizes  were  used,  one  only 
slightly  in  excess  of  the  required  diameter  of  the  tunnel  and  the  other  about 
4  ins.  larger.  The  larger  proved  to  be  much  more  satisfactory,  for  the  leaaoa 
that  if  the  shield  were  tipped  slightly  in  order  to  go  up  for  grade,  the  rear  end 
of  the  follower  of  course  would  come  down,  the  result  being  that  the  cants  were 
forced  downward.  This  often  made  it  difficult  to  get  in  the  three  full  rings 
of  brickwork  in  the  arch.  Since  the  removal  and  replacement  of  the  cants  in 
the  arch  was  an  arduous  and  sometimes  dangerous  piece  of  work,  it  was  found 
much  more  satisfactory  to  have  a  larger  shield  and  to  carry  this  a  little  hig^ 
as  the  time  saved  much  more  than  compensated  for  any  slight  excess  of  bri(^- 
work  required.  Each  shield  was  provided,  with  eight  hydraulic  jacks  4  ins. 
in  diameter.  While  it  was  possible  to  obtain  a  pressure  of  6,000  lbs.  to  the 
square  inch,  as  a  matter  of  fact  a  pressure  much  over  2,000  lbs.  per  square  inch 
was  seldom  used,  because  the  lesser  pressure  proved  sufficient  to  move  the 
shield.  The  jacks  were  the  ordinary  single  action  jacks,  long  enough  to  shove 
the  shield  2  ft.  The  jacks  were  pushed  back  into  their  cylinders  after  a  shove 
by  releasing  the  water  and  prying  them  with  crowbars.  The  double  acting 
jacks  would  have  been  much  more  satisfactory  for  this  purpose.  The  water 
from  the  hydraulic  pump  was  carried  in  a  high  pressure  >i-in.  pipe,  especial 
care  being  used  to  secure  perfect  joints  at  the  coupling.  An  extension  arrange^ 
ment  at  the  shield  fitted  with  movable  joints  allowed  the  shield  to  progress 
without  uncoupling  during  a  shift. 

Progress. — The  actual  process  of  mining  was  carried  on  by  a  force  of  six 
miners,  two  muckers,  one  timber  man  for  the  cants,  and  a  boss  miner.  These 
men  by  means  of  knife  and  mattocks  would  dig  out  the  cla^r  about  2  ft.  ahead 
of  the  shield.  The  shield  would  then  be  forced  ahead,  and  cants  set  and  the 
process  rei)eate(l.  Each  shove  would  take  about  five  or  ten  minutes,  but  the 
mining  for  each  shove  generally  took  about  two  hours.  As  a  nde  about  five 
shoves  a  day  were  made.  The  greatest  distance  made  for  one  heading  in  one 
day  was  a  little  over  17  ft.,  but  the  average  per  heading  was  about  0  ft.  As 
fast  as  the  material  was  cut  out,  it  was  placed  on  cars,  each  holding  }i  cu.  yd.,, 
and  hauled  by  mules  to  the  shaft.  The  cars  ran  directly  from  the  tunnel  cmto 
the  hoist  and  were  raised  to  a  platform,  above  the  street,  run  out  on  the  plat- 
form and  dumped  into  wagons,  which  carried  the  clay  to  the  lake  shore  where 
it  was  dumped  into  the  lake.  At  the  East  70th  St.  shaft  the  day  was  dumped 
into  cars  which  were  hauled  on  a  narrow  gage  track  to  the  lake  about  a  quarter 
of  a  mile  away.  The  brick  shift  came  on  at  about  7  o'clock  in  the  eveningt 
and  stayed  until  the  brickwork  was  brought  up  to  the  face.  Two  brlcddayers 
with  seven  helpers  could  take  care  of  the  day's  work  in  eight  hours.  Steel 
ribs  with  wooden  lagging  2  ins.  square  and  12  ft.  long  were  used  for  the  ardi, 
with  2-ft.  strips  of  block  lagging  for  the  key. 

The  contractor  employed  one  superintendent  for  each  shaft.    Each  super- 
intendcnt  was  assisted  by  a  boss  miner  and  mason  foreman. 

The  sawing  of  the  cants  was  sublet  by  the  contractor.    One  sawing  equip- 
ment did  the  work  for  both  shafts. 

The  following  tables  show  the  make-up  of  each  shift  together  with  the 
average  wage  paid  for  each  class  of  labor: 
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The  tables  show  cleailj  the  ulvantsee  In  eeononiy  of  aptntiag  fwslMt- 
ings  fri>m  one  uhaft.  As  a  mailer  of  tact  thi^  did  not  work  out  all  tha  Un 
due  to  a.  bad  quicksand  pocket  ntTUCk  ia  tbe  heading  going 
70th  St..  which  delayed  that  headios  until  tbe  other  two  ti»««»<iTp  (*» 

About  ToObrickn  per  ninniog  foot  were  used  in  constnictloa  laid  wltliH^ 
JoinlK,  The  cement  used  vtaa  Lehigh  Portland  i  between  7  and  g  basibdv 
uKeil  with  ubout  0.6  cu.  yiU.  sand  per  numlnK  (oot.  Tha  cants  raqntad 
about  2H2  ft.  B,  .M.  per  running  foot.  The  contract  price  for  tlw 
running  between  E.  61st  St.  and  E.  e7th  St.  was  (35.97  per  lin.  ft.  amdlDr  Hi 
section  running  for  E.  67th  Et.  to  E.  79th  Bt.  it  was  •32.78  per.Un.  ft. 

Coel  of  Water  Works  Tnnnsls  Thionsh  Tabcn  ran,  Rawtos,    MaM^ 
WlUiara  E    Fobs*  gives  the  foilowlog  dati    ■     -     -         ■ 
July  22.  leU. 


Establiihsct  Li 

TupicoiSecIionrnTunnel  Steel  Pipe     SteefpipeinHoelc 
In  EarthTI-anch         Trench 

Fia.  4. — PtdHIc  nnd  xfiHoim  of  pipe  lines  and  preiaun  tunaal  id  Btat.  7irflk* 

Wculgn  Aijucduct  supply  muni. 


The  pressure  tunnel  In  rocli  through  Waban  Hill  tn  Nnrton,  ICMi..  p 
ofwhichlsahowninFlg.  4  was  carried  OD  under  contract  in  1910  and  mi. 
Included  the  const nictliin  of  2,042  ft.  of  76-la.  Concrete  lined  p; 
In  rock,  the  hiying  o(  363  ft.  of  80-1d.  steel  pipes  in  di 

*ABiit.totlioC'liief  Eiig.,  Mptropolitsa  Water  &  Sewerace  Boaid,  BiBtaa,UBH. 


with  cement  mortar,  and 
In  Ihia  article  the  item  di 

Tbe  worli  was  begun  \ 
December  3 1  of  that  yeai 
knd  completed  on  Nov.  21 

Prior  to  July  1,  1811,  tl 
5  p.  m.  with  H  hour  for  1 
.he  tunnel  the  night  shift 


lays  per  week.     All  wage 

Steam  plants  for  drlvlns 
or  lightio^  the  tunnel,  an 
ustalled  Bt  both  ends  of  1 


■laot  at  £aat  End  of  tunnt 
2  Erie  City  Iron  Works 
54  ins.  diamoter,  18  II 
I  Buffalo  Forge  Co.  dyi 
1  30  kw.  Eddy  120-volt 
1  Rand  Drill  Co.  110  hj 

I  NoTX^liQ' iyinio 

1  Nsgle  55  hpl'cVuaher. 

1  Blacksmith^  outfit,  c< 

2  2-iii,  Canton  duplei  p 
1,200  ft.  2-iD,  iron  pipe, 
1,200  ft,  ^-in.  ironrapf 

Total  nost  of  plant  s 
'lant  at  West  End  of  Turn 
2  Eric  City  Iron  Works 
54  ins.  dUmetet,  18  f( 
I  Naele  32  hp.  dynamo 
1  110-volt  D.C,  dyDam. 
1  1890  Model  Rand  Dri 

1  No.'T*JSi' gyrato 
1  BiiSEeyc  E^ne'Co!  l 
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General  plant: 

15  tons  steel  rails $    600.00 

1  Siuith  concrete  mixer,  H  cu.  yd.  capacity 700.00 

13  3K-in.  Rand  rock  drills 2,795.00 

6  ^-in.  Chicago  Tool  Co.  jap  drills 300.00 

9  columns,  arms,  etc.,  for  rock  drills 450.00 

3  tripods  for  rock  drills 135.00 

1  Tidewater  Iron  Works  Cunni£F  type  grout  machine 200.00 

42  steel  dump  cars,  %  cu.  yd.  capacity 2, 100.00 

10  slip  scrapers 70.00 

2  single  dump  carts 150.00 

1  2-horse  wagon 150.00 

1  4-ton  differential  hoist 76. 00 

1  large  vise 5. 10 

1  pipe  vise 4. 00 

2  2-in.  pipe  stocks  and  dies 7 .20 

1  lead  heating  outfit 86. 50 

1  breaking  up  plough 24. 50 

6  wheelbarrows 22. 50 

1  stiff  leg  pipe  derrick 56.00 

Total  cost  of  General  Plant $  7 ,881 .80 

Total  estimated  value  of  entire  plant  when  new $23,506.80 

Total  Cost. — Including  an  allowance  at  the  rate  of  25  per  cent  per  year  on 
this  valuation,  for  interest  and  depreciation  on  the  plant  during  the  time  that 
it  was  in  use,  the  total  cost  of  the  work  exclusive  of  the  expense  of  the  con- 
tractor's Chicago  ofHce,  his  personal  traveling  and  other  expenses,  and  his 
expenses  in  connection  with  the  litigation  and  settlement  of  the  claims  made 
by  several  property  owners  in  the  vicinity  of  the  work  for  alleged  damages 
from  the  blasting,  is  as  follows: 

Interest  and  dci^reciation  on  plant $    7,386.81 

Labor  and  teaming,  on  payrolls 47 ,  821 .  56 

Materials  and  expenses,  on  bills 43,744.74 

Expenditures  for  extra  work  not  included  above 504.88 

Total  expenditures S  99,457.90 

Amount  of  final  estimate 114 ,472. 18 

Profit $  15,014.14 

Profit  per  cent  of  expenditures 15. 1 

Wages. — The  prices  paid  for  labor  were  as  follows: 

Superintendent,  per  month $200.00 

Clerk,  per  month 100.00 

Brick  mason,  per  day $4  .  00  and  5.80 

Blacksmith,  per  day S3 .  50  and  4.00 

Calkcr,  per  clay $3.00  and  8.60 

Carpenter,  per  day 4.50 

Drill  runner,  per  day 8.50 

Drill  runner's  helper,  per  day 8.50 

Engineer,  per  day $3.00     to        5.00 

Foreman,  per  day $4 .  00  and  6.00 

Sub-foreman,  per  day ^.50  and  8.00 

Laborers  (per  day); 

C'rusher  man,  lead  man,  powder  man,  stableman  and  teamster 2.50 

Tunnel  man 2.25 

Ordinary 2.00 

Teams  (per  day): 

4-hor8e  hitch,  with  driver  and  helper 12.00 

2-hor8e  cart  and  driver 6.00 

l-horuc  cart  with  one  driver  for  two  carts 8.00 

Mules,  cost  of  maintenance  at  contractor's  stable,  per  day 1.08 


and  Unit  dm. 
-Top  Soil  Exca 
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built.    The  material  was  loosened  with  plows  and  transported  about  180  ft 
to  spoil  banks  and  slip  scrapers.    The  cost  of  the  work  was  as  fcdloiws: 

Cost 

per 
cu.  jrd. 

Superintendence  and  general  labor SO.Oi 

Labor 0.21 

Teaming 0. 11 

Small  tools,  etc O.QS 

Incidental  expenses  and  insurance 0. 014 

Plant,  interest  and  depreciation 0. 01 

Total  cost S0.40i 

Value  of  work 0. 80 

Profit 10 .  196 


Item  2. — Top  Soil  Surfacing  (1390  cu.  yds.) — Under  this  Item  an  area  of 
about  1  acre  was  covered  with  loam  from  spoil  banks  to  an  average  depth  of 
6  ins.  at  the  west  end  of  the  tunnel,  and  at  the  east  end  an  area  of  about  0.27 
acre  was  covered  to  an  average  depth  of  1  ft.,  and  another  area  of  about  0.27 
acre  was  covered  to  an  average  depth  of  3  ins.  The  enttee  work  was  drae 
with  teams.  The  haul  averaged  about  210  ft.  The  cost  of  the  work  was  as 
follows: 

Cost 

ou.  yd. 

Superintendence  and  general  labor S0.06 

Labor 0.26 

Teaming 0.19 

Small  tools,  etc 0.08 

Incidental  expenses  and  insurance ^ 0.015 

Plant,  interest  and  depreciation O.OOl 

Total  cost $0,586 

Value  of  work 0.546 

Profit lO.Ot 


Item  3. — Earth  Excavation  in  Open  Trench  (4184  cu.  yds,) — ^Ullder  this  ItMB 
about  480  lin.  ft.  of  trench  for  the  60-in.  pipe  line  and  350  lin.  ft.  of  trancbftir 
80-in.  pipe  line  was  excavated  at  both  ends  of  the  tunnel.  The  trench  fbr  tlM 
60-in.  line  averaged  about  8  ft.  in  depth,  and  that  for  the'80-ln.  line  was  made 
in  open  cut  and  varied  from  10  to  25  ft.  in  total  depth  in  earth  and  rode,  tto 
depth  of  the  earth  ranging  from  5  to  14  feet.  The  width  of  the  trench  W 
from  20  to  35  ft.  at  the  top  and  10  ft.  at  the  bottom,  and  no  attempt  WW 
made  to  brace  the  sidf^s,  which  were  allowed  to  take  a  natural  slope.  TlM 
earth  wa.s  loosened  with  picks  and  shoveled  into  cars,  which  were  hauled  bj 
mules  to  the  spoil  banks.  The  haul  averaged  about  350  ft.  The  earth  excir 
vated  in  the  80-in.  pipe  trench  at  the  east  end  of  the  tunnel  was  a  cnmpa^ 
binding  gravel;  so  hard  that  dynamite  was  used  in  loosmbig  it.  Tlie  ]ai|B 
percentage  of  loss  on  this  item  was  due  to  the  extremely  hard  material  In  ti» 
80-in.  pipe  trench  at  the  east  end  of  the  tunnel,  and  to  the  nature  of  tbe'i 
rial  in  the  60-in.  pipe  trench  at  this  end  which  was  largely  a  miztme  of  i 


Item 
SupccinlcndeDe 

Labor 

TeftmiQg 

Lumber  for  br& 

lucidenUl  eipe 
Plant,  interest  i 

Total  eoet  . 


'  litm  4.— Reek  Exca 
of  tbe  rock  excavatloi 
end  ot  tbe  tulmel,  wb 
liberal  diroeosions  of 
favorable  tor  eicavatl: 
tTBOsportcd  by  mules 
cost  of  tbe  work  wtia  t 


Supcrintendenee  i 

Labor 

Tenraing 

Eiploelva 

DHIIIncidentsle.. 
Small  tools,  etc.. 

Plant— 


lUmS.—RefiUins  O 
In  reHlliug  tbe  pipe  ti 
rial  thoroughly  codso 
bedding  the  pipe.  T 
spoil  bank  in  cara  »nc 
material  paid  for  und 
bank  of  tbe  surplus  i 
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excavated  from  the  trenches.  The  average  haul  for  this  work  was  about  300  ft. 
The  cost  of  the  work  was  as  follows: 

Cost 
per 
Item  cu.  yd. 

Superintendence  and  general  labor $0. 05 

Labor 0. 88 

Teaming 0.08 

Small  tools,  etc 0 .  08 

Incidental  expenses  and  insurance 0.02ft 

Plant,  interest  and  depreciation 0 .  009 

Total  cost $0,474 

Value  of  work 0 .  564 

Profit 10.08 


Item  6. — Tunnel  Excavation  (2,042.5  lin.  ft.:  6,125  eu.  yds.) — The  tunnel  was 
excavated  In  rock  for  the  entire  length  of  2042.5  lin.  ft.  The  volume  of  mate- 
rial excavated  was  6,125  cu.  yds.  which  is  equivalent  to  an  average  excavation* 
of  3  cu.  yds.  per  lineal  foot.  The  average  cross-sectional  area  of  81  sq.  ft.  is 
equivalent  to  the  area  of  a  circle  10.15  ft.  in  diameter,  and  as  the  established 
line  for  tunnel  excavation  provided  for  an  excavation  9  ft.  in  diameter,  with 
a  cross-sectional  area  of  63.62  sq.  ft.  the  actual  cross-section  exceeded  the 
established  section  by  17.38  sq.  ft.,  or  about  27  per  cent.  It  was  provided  that 
the  excavation  should  be  trimmed  so  that  the  minimum  distance  frova.  tho 
axis  of  the  tunnel  to  the  rock  should  be  3  ft.  11  Ins.,  which  would  leave  0  ins. 
as  a  minimum  thickness  for  the  concrete  lining.  Very  little  trimming  was 
necessary. 

For  a  distance  of  600  ft.  from  the  easterly  portal  the  tunnel  was  excavated 
in  hard  trap  rock.  For  the  remainder  of  the  distance  the  excavation  was  In 
conglomerate  with  quartzite  pebbles  varying  from  3  or  4  ins.  to  ^  in.  in  diam- 
eter. The  felsite  cement  was  very  hard  in  some  places  and  extremely  soft  at 
other  points,  where  -it  had  changed  to  kaolin.  About  75  ft.  from  the  west 
portal  a  seam  of  clayey  gravel  was  encountered  in  the  roof  of  the  tunnel,  and 
it  was  necessary  to  support  the  roof  on  timbers  for  a  distance  of  about  20  ft. 
Timbering  was  also  necesssary  at  five  other  points  to  support  the  side  of  the 
tunnel  where  the  excavation  broke  through  into  the  loosely  backfilled  shafts 
of  the  old  C/Ochituate  Aqueduct  tunnel,  which  is  located  about  0  ft.  south  of 
and  20  ft.  below  the  new  tunnel.  This  old  tunnel  was  constructed  by  the 
city  of  Boston  in  1848.  At  one  of  the  old  shafts  the  entire  filling  caved  Into 
the  tunnel  and  had  to  be  removed.  Less  drilling  and  explosives  were  required 
for  the  excavation  of  the  trap  rock  than  for  the  conglomerate,  but  it  frequently 
broke  wide  of  the  desired  line  and  formed  an  unnecessarily  large  section,  whlcfa 
delayed  the  progress  of  the  work  because  of  the  increased  quantity  of  material 
to  be  moved  and  the  caution  required  to  prevent  accidents  from  ftdling  rocAu. 
The  work  was  carried  on  at  both  headings  with  day  and  night  shifts.  From 
15  to  21  holes  from  5  to  6  ft.  in  depth  were  drilled  and  blasted  per  shift  at 
each  heading.  The  force  usually  employed  included  about  12  men  and  1 
mule.  The  progress  averaged  about  5  ft.  per  shift  at  each  heading.  The 
drilling  was  done  with  Ingersoll-Rand  drills  mounted  on  vertical  eolumnB  and 
operated  by  rompres.sed  air  under  a  pressure  of  about  100  lbs.  per  square  taioh. 
The  following  cost  of  the  tunnel  excavation  includes  the  coet  0(  loading  tilt 


Teaming 

Eiptosives 

Lumber 

DriU  repairs... 
Small  tools,  et< 

PUnt— '  """ 
Traiuportati 

Total  cost 
Value  of  work. 

Profit 

lUm  7.— Cri 


the  crusber  platform  anil  a1 
tiipnel  in  cars  which  were  left 
thej  were  hauled  to  the  cnia 
crushing  machinery.     At  bo: 

70  per  ceQl  of  the  product  ab 
the  entire  product  waa  haul 
rock  waa  delivered  to  the  cruf 
hand  breaking  of  materlnl  ' 
portal  waa  operated  during  tl 
the  tuimel  easily,  aa  there  w 
pliuie.  At  the  east  portal,  i 
nmaller  she  of  the  crusher, 
both  shifts.    The  cost  ol  (he 

Item 


SmnU  toole,  . 
IncidenUl  ei 
PUnt— 


Profit 

placed  within  tl 
Id  old  shafts;  1, 
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but  only  50  per  cent  of  this  last  amount. was  estimated  for  payment,  aocording 
to  terms  of  the  contract;  total,  3,742  cu.  yds.) 

The  3,742  cu.  yds.  of  concrete  placed  in  lining  the  tunnel  is  equiralent  to  an 
average  of  1.83  cu.  yds.  per  linear  foot.  The  concrete  was  mixed  in  the  pro- 
portion of  380  lbs.  of  Portland  cement,  8  cu.  ft.  of  loosely  compacted  sand,  and 
15  cu.  ft.  of  loosely  compacted  mucture  of  2-in.  and  ^-in.  size  crushed  stone, 
giving  a  1:2.22:4.17  mixture.  The  concrete  was  mixed  in  a  steam-dilvai 
Smith  mixer  of  >^-cu.  yd.  capacity,  set  on  the  platform  at  the  tunnel  so  that 
the  concrete  was  discharged  directly  into  cars  which  were  run  through  to  the 
pobit  where  the  lining  was  being  placed.  The  concrete  was  dumped  upon  a 
temporary  floor  of  steel  plates  inside  of  the  circular  forms  which  consisted  of 
channel  iron  ribs  spaced  5  ft.  on  centers,  to  which  the  curved  side  plates  wrae 
bolted.  The  concrete  was  shoveled  from  the  floor  into  the  space  between  the 
forms  and  the  rock  walls  and  was  thoroughly  spaded  and  churned.  Successive 
side  plates  were  bolted  to  the  ribs  as  the  work  progressed,  and  this  ix>rtion  d 
the  work  was  completed  by  Ailing  the  key  space  at  the  top,  the  keying  plates 
being  2.5  ft.  in  length,  so  that  the  concrete  could  be  firmly  packed.  One 
hundred  and  fifty  linear  feet  of  forms  were  used,  and  as  no  inside  braces  weie 
required  cars  could  be  run  through  them.  The  forms  made  the  mould  ifa 
the  entire  cross-section  of  the  tunnel,  except  the  invert  strip  which  was  S.5 
ft.  wide.  In  placing  the  concrete  the  bottom  layer  was  put  in  to  within  1  ft. 
of  the  invert.  The  side  walls  and  key  were  then  filled  and  the  2.5  ft.  wide 
invert  was  placed  later. 

In  the  westerly  portion  of  the  tunnel  the  bottom  layer  was  placed  on  both 
sides  of  the  track,  which  was  left  supported  on  a  central  strip  of  muck  whkfa 
was  later  removed,  just  before  placing  the  invert. 

In  the  easterly  portion  of  the  tunnel  the  track  was  thrown  to  one  side  wfaHe 
the  bottom  layer  of  concrete  was  placed  on  the  opposite  side.  The  trade 
was  then  shifted  on  to  the  concrete  already  placed  and  concrete  was  then 
placed  on  the  other  side.  The  work  was  carried  on  in  three  ^hour  shiftB. 
Forms  were  removed  and  set  up  in  one  shift  and  concrete  was  placed  durlnr 
the  remaining  16  hours.  The  average  progress  per  24  hours  was  about  85 
lin.  ft.  of  completed  section,  except  for  the  2.5  ft.  invert  strip  whicdi  was  i^aoed 
and  finished  to  line  with  a  screed  after  the  track  and  forms  were  removed. 

The  concrete  was  transported  an  average  distance  of  620  ft.  and  the  cnuhed 
stone  an  average  distance  of  240  ft.  from  the  storage  pile  to  the  mixer.  Hm 
sand  and  cement  were  usually  delivered  to  within  a  short  distance  of  the  mix- 
ing platform. 

The  cost  of  this  work  has  been  sub-divided  to  show  the  cost  of  fonns  sepa- 
rate from  the  cost  of  mixing  and  placing  the  concrete,  as  follows: 

Gtat 


Item  en.  yd. 
Forms: 

Superintendence  and  general  labor $0.06 

Labor 0.45 

Teaming 0.06 

Lumber 0.06 

Small  tools,  etc 0.07 

Incidental  expenses  and  insurance 0.06 

Rental  and  transportation  of  forms 0.40 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantlinc 0.18 

Interest  and  depreciation 0.06 

Total  cost U.n 


MiiiDC  and  placii 
SupRri  atendenci 


Total  coflt, . 

Totftl. 

Bupecintendence 
Labor.. 


Incidental  o; 


Jl(iri9. — Portland  Cimtr 
With  the  exception  of  a,  litl 
SO-ia.  cast-iron  pipe  line,  1 
used  for  covering  the  80-in. 
averaged  about  0.84  cu.  y 
mixed  in  the  proportion  of 
compacted  sand  and  18  cu 
ih.  size  crushed  stone,  mak 

At  the  west  portal  the  coi 

portal,  where  the  trench  V 
up  to  the  sprlnelng  lloe  of 
Tor  the  remainder  of  the  i 
steam-driven  Smith  mixei 
the  forms  and  placing  com 
true  circular  form,  and  th 
blast  and  then  painted  wit 
Iba.  of  cement  with  5  Ihs. 
top  of  the  pipe,  through  w 
The  cost  of  the  worii  haa 
from  the  cost  of  mixing  aft 
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Cost 
per 
Item  cu.  yd. 

Forms: 

Superintendence  and  general  labor SO.  12 

Labor 0.66 

Teaming 0.05 

Lumber 0.20 

Small  tools,  etc 0.07 

Incidental  expenses  and  insurance 0.04 

Plant,  interest  and  depreciation 0.001 

Total  cost SI .  131 

Mixing  and  placing  concrete: 

Superintendence  and  general  labor SO. 27 

Labor l.fiO 

Teaming 0. 18 

Sand 0.68 

Cement 1 .  68 

Sand  blasting 0.78* 

Small  tools,  etc 0.20 

Incidental  expenses  and  insurance 0.12 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 0.60 

Interest  and  depreciation 0.07 

Total  cost S6.88 

Total: 

Superintendence  and  general  labor SO. 39 

Labor 2. 15 

Teaming 0. 18 

Lumber * ; 0.20 

Sand 0.53 

Cement 1 .  63 

Sand  blasting  outside  of  80-in.  pipe 0.78 

Small  tools,  etc 0.27 

Incidental  expenses  and  insurance 0. 16 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 0.60 

Interest  and  depreciation 0.07 

Total  cost S6.06 

Value  of  work 6.43 

Loss SO. 68 

*  Cost,  per  sq.  ft.  of  surface  cleaned  =  4.6  cts. 

Item  10. — Brick  Masonry  (36  cu.  yds.) — This  item  included  brick  masoiiiy 
used  in  constructing  valve  chambers  and  raising  manholes  on  the  Cochltiute 
Aqueduct.     The  cost  of  the  work  was  as  follows: 

Cost 


Item  eu.  yd. 

Suporintondencc  and  general  labor S  0.84 

Tiabor 6.12 

Sand,  obtiiinrd  on  work 0. 14 

Cement 2.19 

Bricks 4.62 

Small  tools,  etc 0. 63 

Incidental  expenscH  and  insurance 0.34 

Plant,  interest  and  depreciation 0.01 

Total  coat SU.79 

Value  of  work 16. 60 

Profit $  O.80 

Item  11. — Cement  Grout  in  Tunnel  (292  cu.  yds.) — When  the  OODCrete  tunnel 
lining  was  placed,  l>2-in.  steel  pipes  with  couplings  on  the  outer  ends,  wlddi 


were  tem]>arB,rlly 
wlxicb  could  Dot  1: 
pipes  was  eovemei 
at  various  points. 
Goctiltuate  Aqued 

cqnditionH  the  avi 
pipes  and  couplia 

Blled  without  fore 
found  that  ttie  gri: 
The  grouting  w 
and  the  concrete  h 
cracks  had  develo): 
all  pass  through  a 
40  per  cent  should 
In  making  the  gro 
cement.  The  mis 
up  In  baga  in  whl' 
progreas.  Three  I 
charging  the  groul 
4  ft.  high  and  IS  I 
compressed  ^r,  an 
the  top  provided  t 
pressed  air  for  npe 
portal,  which  at  tli 
purpose.  The  prt 
was  mixed  by  turn 


iccount  of  the  an 
It  the  point  when 
rhe  cost  o[  the  w 
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Item  12. — Cement  Mortar  Lining  of  SO-In.  Steel  Pipe  (3fi3  lin.  ft.) — ^The 
mortar  lining  for  the  80-in.  steel  pipe  was  made  2  ins.  thick  and  was  cast  in 
place  by  pouring  a  thin  mortar  into  the  space  between  the  steel  pipe  and  a 
central  collapsible  steel  form  of  the  Blaw  type,  which  was  held  in  correct  poA- 
tion  by  means  of  adjustable  bolts,  located  around  the  circumference  of  the 
form  and  which  were  brought  to  a  bearing  upon  the  steel  pipe  so  as  to  proyide 
the  desired  2-in.  space  for  the  mortar.  The  forms  were  made  in  sections  7  ft. 
long,  each  section  consisting  of  five  circular  segments  bolted  tc^^ther  with  an 
adjustable  wooden  key  piece  at  the  top.  The  mortar  was  poured  throus^  2- 
in.  holes  in  the  top  of  the  pipe,  the  lining  being  cast  in  sections  14  ft.  long, 
without  interruption  in  the  flow  of  mortar  after  the  pouring  of  a  section  was 
once  started. 

The  end  of  the  section  was  closed  by  means  of  a  hose  extending  around  the 
circumference  and  expanded  by  means  of  water  pressure,  forming  a  bulkhead 
at  the  end  of  the  annular  space  between  the  steel  pipe  and  the  form. 

Before  setting  up  the  forms,  the  interior  of  the  pipe  was  cleuied  to  brlfl^t 
iron  with  a  sand  blast  and  it  was  then  painted  with  a  cement  wash  in  the  same 
manner  as  the  outside  of  the  pipe,  described  under  Item  9.  The  mortar 
was  mixed  in  the  proportion  of  1  part  of  Portland  cement,  two  parts 
of  sand  and  water  amounting  to  about  26  per  cent  of  the  volume  of  these 
materials. 

On  account  of  the  short  length  of  pii)e  to  be  lined,  the  mortar  was  mixed 
by  hand  in  barrels  supported  on  a  wooden  platform  above  the  top  of  the  pipe. 
One  cubic  yard  of  mortar  required  four  barrels  of  cement,  and  was  siifflriBnt 
for  lining  7.9  ft.  of  the  pipe. 

The  cost  of  the  work  has  been  sub-divided  to  show  the  cost  of  forma  aepAnto 
from  the  cost  of  mixing  and  pouring  the  lining,  as  shown  in  Table  IX. 


Tablb  IX. — Cost  of  Placing  2-In.  Mobtab  Lxning  or  80- Ik.  Stbbl  Ptra 

Coatpcr 
Cost  per  sq.  n. 
lin.  ft.     auHaM 
Item  of  idipe    oovond 

Forms: 

Superintendence  and  general  labor $0. 13 

Labor » 0.74 

TcamiriK 0.04 

Small  tools,  etc 0.08 

Incidental  expenses  and  insurance 0.05 

Rental,  transportation  and  repairs  of  forms 0.77 

Plant,  interest  and  depreciation 0 .  002 

Total  cost 91.812     90.081 

Mixing  and  pouring  lining: 

Superintendence  and  general  labor 90.12 

Labor ". .  0.67 

Sand  blasting 0.97   ' 

Sand .0.21 

Cement 0.74 

Small  tools,  etc 0.07 

Incidental  expenses  and  insurance 0.06 

Plant,  interest  and  depreciation 0.002 

Total  cost 


Totkt: 

8uperiti(«ndeacs  and  geiu 


Bond  blaetLnt. . 


Plant,  jntetest  and  depr« 

Total  cwt 

Value  of  work 

Profit 

Ittm,  13  and  J5.—Lauit 
laying  the  60-in.  cast  Iron  ] 
miles,  unloading  tbem  from 
the  turnlsbing  of  all  msiteri 
trenches  waa  paid  (or  unde 
work  included  under  these 


Item 


Jute 

Lead.,. 


.11  tools,  e 

d«ntal  eipeniH  ana  iiui 

It.  interest  and  deprecia 


ToUlro 
Valus  of  » 


I  akida  for 


if  tearaiuB  the 
■Layina  SO-In. 

a  distance  of  a 


^^M  East  Boaton.  and  were  ] 
Contractor  for  build  ine  the 
=3f  three  alternately  large  I 
Single  sheet  of  flange  ateel  ( 
trial  joints  were  lapped  4H 

.ingle-riveted  wilb  ^-in.  rl' 

op  of  the  pipe,  through  eat 
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diameter  steel  plug.  As  previously  stated  these  2-in.  holes  were  used  for 
introducing  the  Portland  cement  mortar  for  lining  the  steel  pipe..  At  the 
junction  between  the  76-in.  mortar-lined  steel  pipes  and  the  60-in.  cast  iron 
pipes,  76  X  60-in.  cast  iron  branches  were  set  and  the  60-in.  outlet  capped  for 
future  use  when  an  additional  main  shall  be  required.  The  cost  of  the  woric 
under  Item  14  was  as  follows: 

Cost 
per 

Item  Un.  ft. 

Superintendenoe  and  general  labor $0,374 

Laoor,  laying  pipes 1 .08 

Labor,  riveting 1 .08 

Teaming 0.20 

Small  tools,  etc 0. 234 

Incidental  expenses  and  insurance 0. 15 

Plant,  interest  and  depreciation 0. 004 

Total  cost .* $3,072 

Value  of  worlc 3 .  376 

Profit $0,804 

The  cost  of  teaming  the  pipe  was  $0.62  per  ton  mile. 

Item  16. — Extra  Work. — The  extra  work  required  under  the  contract  in- 
cluded the  excavation  and  timbering  of  six  old  shafts  on  the  Cochituate  Aque- 
duct tunnel,  where  the  excavation  for  the  new  tunnel  broke  through  into  these 
old  shafts,  and  also  some  miscellaneous  work.  For  this  work  the  contractor 
received  the  actual  cost  of  the  work  plus  16  per  cent,  and  the  total  amount 
paid  under  this  item  was  $925.89. 

Organization  and  Progress  of  St.  Louis  Water  Works  TonneL — C.  H. 
Hollingsworth,  superintendent  for  the  contractors,  gives  some  interesting 
data  in  regard  to  the  St.  Louis  Waterworks  Tunnel  in  Engineering  and  Con- 
tracting. May  6,  1914,  and  Engineering  Record,  May  9,  1914,  from  whidi 
articles  the  following  data  are  taken. 

The  tunnel  was  driven  in  both  directions  from  a  drainage  shaft  at  the  river 
bank,  the  shore  tunnel  being  537  ft.  long  and  the  river  tunnel  2252  ft. 

When  the  work  became  well  organized  it  was  found  that  with  only  one  shot 
in  eight  hours  there  was  considerable  spare  time.  About  1^  hours  were 
required  to  muck  out  the  heading,  >2  hour  to  set  up,  3  hours  to  drill  the  round 
of  holes,  from  M  to  ^  hour  to  blow  out  and  load  and  from  50  minutes  to  1 
hour  to  shoot.  This  left  from  1  to  IH  hours  idle  time  per  shift,  part  of  wlddi 
was  taken  up  in  clearing  out  the  smoke.  The  smoke  was  taken  caie  of  by  a 
No.  2  Roots  reversible  blower  with  10-in.  opening. 

Arrangement  of  Holes. — If  it  had  been  possible  a  longer  round  would  have 
been  drilled  to  take  up  the  spare  time.  As  it  was,  however,  an  8-ft.  round  wu 
drilled  and  would  not  break  the  ground  to  advantage.  The  trouble  was  tlist 
the  tunnel  was  so  narrow  that  it  was  impossible  to  give  the  cut  holes  mudi  of 
an  angle  with  each  other.  A  center  cut  of  six  holes,  three  on  each  side,  wis 
adopted  after  several  other  methods  had  been  tried.  The  arrangement  ol 
the  holes  used  through  the  greater  part  of  the  work  called  for  sixteen  holes* 
but  occasionally  seventeen  were  drilled.  By  drilling  a  6  or  7-f t.  cut  and  a  4  or 
5-ft.  side  round  the  ground  could  be  broken  with  less  powder. 

Late  in  December  a  schedule  of  four  shots  in  twenty-four  hours  was  started. 
Working  this  way  the  day  shift  came  on  at  8  a.  m.  when  the  preceding  shift 
had  finished  shooting.    They  mucked  out  the  heading,  set  up,  drilled  and  fin- 


lahed  ahootlDg  at  2  ] 
ready  for  the  next 
sbootine  It  about  8 


after  wblcb  tbe;  mu( 
8  o'clock. 

WhiLe  it  was  found 
plenty  of  lime  for  tbe 
torlly,  for  the  reason  t 
the  neiC  shift  to  comp 
set  up  by  the  day  shift 
down  and  reset  them, 
way  the  4-to-l2  shift  s 
bad  to  drill  some  ol  th 

The  time  taken  for 


first  a  Oft.  cut  with  B 
shaken  down  to  the  pj 
were  drilled.  The  onl 
extra  helper  in  the  heai 
shift  to  fix  track  and  a 
With  four  shots  per 
sbota  per  day  started 
foreman  on  that  shift 
however,  was  finally  u 
a  single  screw  was  use 
on  clamps  on  these  arn 
even  with  the  bar  to  i 
up  the  drills,  as  there 
heading  after  the  macl 
clear  the  muck  away  ! 
two  muck  shots  were  p 
round.     These  muck  a 


drilling,  2  hours;  bio? 
minutes;  clearing  out  si 
Plonf.— The  plant  ue 
tive-type  boilers  suppl 
bottom  of  the  shaft  an 
the  shaft  a  stimeg  derr 
for  the  screen  chamber 
tunnel  included  a  Knoi 
pumps.     A  Norwalk  t 
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Mucking. — ^A  3-ton  General  Electric  stora^-battery  locomotive  was  lued 
to  handle  the  muck  cars  to  and  from  the  shaft  after  the  headings  had  prog- 
ressed a  few  hundred  feet  from  the  shaft.  The  muck  cars  were  spedally 
designed  for  the  work  and  were  wooden  box  cars,  with  a  door  in  one  side  for 
dumping,  and  an  incline  in  the  bottom  of  1  ft.  toward  the  door.  The  bottcHn 
of  the  car  was  covered  with  steel  plate  and  the  box  itself  was  built  of  2-in.  otk 
well  bolted  together  and  fastened  at  the  comers  with  angle  irons.  At  the 
ends  were  eye-bolts  running  through  the  frame  so  that  the  cars  could  be 
coupled  in  a  train.     Usually  three  cars  were  handled  by  the  locomotive. 

In  the  heading  slick  sheets  of  ^-in.  boiler  plate  were  used  to  cover  the  end 
of  the  track  and  to  facilitate  the  shoveling.  In  working  into  the  muck  pile 
only  four  men,  or  occasionally  five,  could  work  abreast,  and  even  then  it  wis 
necessary  to  select  carefully  the  right  and  left  hand  shovelers  and  keep  them 
on  their  respective  sides.  The  usual  method  was  to  use  four  men  abrcMt 
with  two  more  on  the  muck  pile  throwing  over  their  heads  and  loosening  up  the 
muck.  IVo  more  men  worked  behind  the  car  picking  up  bottom,  fixing  track 
and  helping  dump  the  cars  off  the  track  and  back  on  again.  On  the  locomo- 
tive there  was  a  motorman  and  also  a  switchman,  both  of  ¥^om  helped  dump 
off  cars. 

At  the  bottom  of  the  shaft  were  two  men  who  pushed  the  cars  on  and  off  tha 
cages  and  on  top  were  a  top  man  and  three  men  for  pushing  cars.  One  man 
took  care  of  the  pumps  which  were  at  the  bottom  of  the  shaft  and  did  the  i^pe 
fitting.  An  extra  gang  consi.(iting  of  a  foreman  and  from  four  to  six  men  was 
employed  on  the  day  shift  cleaning  out  the  ditch  along  the  tunnel  and  laying 
new  track.  All  permanent  track  was  laid  on  the  day  shift.  The  other  two 
shifts  put  down  short  sections  of  rail  temporarily.  From  forty  to  sizty-AvB 
cars  of  muck  were  taken  out  of  the  one  heading  on  each  eight-hour  shift,  tfaa 
cars  holding  about  1  cu.  yd.  of  muck. 

Organization  and  Wages. — In  the  regular  gangs  on  each  shift  there  were  the 
following  men  at  the  rates  given: 

Force  on  top:  Bate 

Number  and  grade  per  diif 

1  compressor  engineer  at S7.00 

1  hoisting  engineer  at 7.00 

1  fireman  at 8.80 

1  signal  man  at 11.80 

3  top  men  or  car  pushers  at 8.40 

Force  in  the  tunnel: 

1  pump  man  and  pipe  fitter  at 4.00 

2  cage  men  at 8.80 

1  motor  man  at 4.00 

1  switchman  at 8.80 

1  muck  foreman  at 4.80  . 

6  to  8  muckers  at 8.80 

1  heading  foreman  at 6.00 

4  drill  runners  at S.OO 

4  or  5  helpers  at S.OO 

1  nipper  at 8.00 

1  electrician  at 4.00 

Force  of  extra  men  on  Day  Shift  (on  top): 

1  blacksmith  at .' ft.'OO 

1  helper  at 4.00 

1  machinist  at 4.00 

1  muchinist  helper  at 3.40 

In  the  tunnel: 

1  extra  muck  foreman  at 4.80 

4  to  6  extra  muckers  at 8.80  ■ 
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The  rock  is  a  close-grained  hard  gray  granite,  with  numerous  seams,  causing 
the  drill  to  run  from  alignment,  but  it  breaks  well.  The  seams  and  water 
combined  make  it  necessary  to  timber  all  this  ground.  The  ground  carries 
enough  water  to  make  disagreeable  mucldng,  and  to  require  pumping. 

The  timbering  comprises  sets  of  6  X  8-in.  Oregon  pine,  spaced  5  to  8  ft. 
apart,  as  ground  permits,  and  2X6  lagging.  Each  set  consists  of  two  vertical 
posts  and  a  four-segment  arch. 

The  crew  consisted  of  one  shift  boss  at  $3.50  per  day;  four  miners  at  t3 
five  muckers  at  $2.50,  and  one  trammer  at  $2.50.  The  blacksmith  doing  the 
repair  work  was  paid  $4  per  day. 

The  four  miners  worked  on  day  shift,  drilling  the  ground,  timbering  and 
shooting.  The  muckers  followed  on  night  shift.  This  arrangement  resulted 
in  a  clean  heading  for  the  drill  crews,  and  nothing  interfered  with  the  mucking 
crew. 

The  cost  of  work  during  th6 15-day  period  is  tabulated  below  in  detail  (Table 
X). 

Table  X. — Showing  Unit  Costs  or  Tunnkung  and.  Timbxbino,  Nobtb 

Heading  of  Tunnel  No.  7,  Little  Lajlb  Division  or  Los  Angeles  Aqueduct 

For  15-day  period,  Aug.  15- Aug.  29,  1009;  advance  90  ft. 

Totals  for  90  ft.  length  Cost 

Labor  lin.  ft. 

Class  of  work  Hours  Cost  tunnel 

Labor: 

Inside  labor: 

Squaring  heading 23. 5         $         9.03       $  0. 10 

Setting  up  and  tearing  down  machine  (1 )  36 . 0  16 .  59  .  184 

Drilling,  incl.  time  of  shift  boss 55.33  48.21  .48 

(3.6  cts.  per  ft.  of  hole) 

Blowing  out  holes 5.75  4.15  .048 

Loading  and  shooting 56.25  22.31  .248 

Mucking  (412  cars) 835.0  268.44  2.98 

Trimming,  stulling,  caves,  etc 102. 0  39.24  .436 

Timbering  ($11.32  per  M) 107.25  40.82  .453 

Lost  time 40.75  16.66  .174 

Bonus  (30  cts.  per  man  per  ft.  over  2.3 

ft.  per  shift) 112.08  1.34 

Repairs  to  trolley,  pump,  etc 3.25  1.20  .018 

Totals,  inside  labor 1,265.08  $     572.73  $  6.854 

Outside  labor: 

Sharpening  steel   (with  Leyner   No.   2 

machine) 44.0  $       17.83  $0,198 

Repairing  drill 7.5  2.88  .082 

Framing  timbers  at  shop  ($2.42  per  M) 8.75  .007 

Light  and  power 90.0  88.76  .875 

Totals  outside  labor 141.5  $       68.21  $0,701 

Auxiliary  labor: 

Laying  track,  90  ft 31.5  $       12.75  $0,141 

Drainage  line,  90  ft 43.5  14.88  .16 

Ventilation  line,  72  ft 11.0  8.44  .048 

Trolley  line,  95  ft 18.0  6.36  .067 

Airline,  80ft •. 2.5  .80  .01 

Water  line,  80  ft 2.5  .79  .01 

Lights  line,  90  ft 8.0  2.86  .033 

Totals  auxiliary  labor 117.0         $      41.88       $0,468 

Local  administration  and  engineering: 

Proportion  of  division  engineer  and  assistant's  time  $50.40       $  0.06 


i^*. 


Total  labor  cost $    737.66       $  8.064 
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Rbcapitulatxon  of  Unit  Costb 

Cost  per  foot  of 

Class  of  charge  tunnel- 
Direct  charges: 

Labor $7,056 

Material  and  supplies 4 .  890 

Local  administration  and  engrg 0. 66 

Live  stock  service 0. 15 


$12,106 


Auxiliary  charges: 

Labor  on  tracks,  etc $0. 468 

Material  for  tracks,  etc 1 .  084 

$1,502 

Salvage  on  material  about  66  % 60 

0.812 

Roads  and  trails* 1 .50 

Buildings* 0.20 

Water  supply* , 0.22 

Machinery  and  tools n 1 .06 


Total  fixed  charges $15.9S7 

Add  3  %  for  executive  office  administration 0.476 


Total  cost  of  tunnel,  timbered  and  ready  for  lining,  per  lin.  ft $16,482 

*  The  total  cost  of  these  works  on  the  entire  division,  appwtioned  to  the  wvcn 
parts  of  the  permanent  construction,  gives  as  estimated  onarses  per  foot  of  this 
tunnel  the  figures  noted. 

Deducting  from  the  total  of  $13,667  of  Table  X  the  charges  that  obTtondy 
belong  to  timbering  we  get  a  cost  of  $11.75  per  lin.  ft.  for  excavation,  wfaidi  to 
equivalent  to  $3.36  per  cu.  yd.  « 

Bonus  System  for  Tunnel  Work  of  the  Los  Angeles  Aqueduct. — ^The  foUoir- 
ing  notes  are  abstracted  from  the  Report  on  the  Los  Angeles  Aqueduct. 

To  complete  the  Los  Angeles  Aqueduct  within  a  reasonable  time  limit  so  u 
to  avoid  undue  interest  charges  on  the  bond  issue  the  controlling  factor  wu 
recognized  by  all  to  be  the  great  length  of  tunnels,  164  in  number,  and  especi- 
ally the  Elizabeth  Tunnel,  which  is  more  than  5  miles  long.  This  tumwl, 
passing  through  the  crest  of  the  Coast  Range,  more  than  20  miles  from  a  ndl- 
road  base  of  supplies,  had  to  'be  driven  from  two  headings  only  and  Bned 
throughout  with  concrete.  A  fair  rate  of  progress  for  tunnels  of  this  slae.  and 
in  a  similar  geological  formation,  has  been  a  mile  a  year  from  the  two  headingii 
or  five  years  in  all. 

It  was  therefore  important  to  devise  some  method  of  work  which  would 
develop  speed  and  the  bonus  scheme  was  adopted.  This  was  modlHed  fNn 
time  to  time,  as  experience  was  gained  in  its  application,  and  the  following 
schedule  is  the  final  outcome. 

Theory  of  the  Bontts  System. — The  tunnels  were  driven  for  a  feiw  monthii 
and  the  niunber  of  men  who  could  work  efficiently  in  the  headings,  togfilba 
with  their  progress,  was  noted  imder  different  conditions.  .  A  standard  riM 
crew  was  then  authorized,  which  could  not  be  exceeded.  In  the  Elizabeth  tOB' 
nel,  the  number  was  16  men  for  untimbered  tunnel  and  23  for  timbered  tumflL 
Only  those  engaged  inside  on  the  driving  of  the  heading,  trimmiDg,  timheriagi 
etc.,  were  included  in  the  bonus  crew.  The  required  progress  waa  fixed.  At 
the  Elizabeth  tunnel  it  was  8  feet  per  day,  or  2^  feet  per  shift  for  unttanhflnd 
tunnel,  requiring  the  excavation  of  4.18  cubic  yards  per  lineal  foot,  and  6  tat 
per  day,  or  2  feet  per  shift  for  timbered  section  of  the  tunnel,  requiring  tia 
excavation  of  5.02  cubic  yards  per  lineal  foot,  and  the  placing  of  116  feet  boaid 
measure  of  lumber.    A  base  wage  was  paid  of  $3.00  per  day  for  mtaien  nd 
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Urlj  desired,  the  muckers,  who  had  the  hardest  work  to  do  and  who  laiieiy 
controlled  the  rate  of  advance,  worked  in  relays.  A  car  hokUns  33  cubic  feet 
would  be  pushed  up  to  the  pile  of  debris  thrown  down  by  the  exfloeUm  and  fbur 
of  thene  shovelers  would  fill  it.  They  would  then  push  it  back  to  the  iwltdi. 
and  four  fresh  men  shoved  up  an  empty  car  and  filled  it — ^the  first  crew  rneiB- 
time  doing  light  work  or  resting.  This  prooens  was  kept  up.  so  tliat  a  fnali 
crew  would  come  up  vnih  each  empty  car.  The  result  was  that  the  Amerien 
records  for  rapid  hard  rock  tunnel  work  vktc  repeatedly  bnrtcen.  and  tiK 
world's  record  for  soft  rock  tunnel  driving.  <so  far  as  known)  was  beaten  at 
Tunnel  17  M,  in  the  Jawbone  Division,  where  1,061  feet  were  driven  at  one 
heading  by  hand  work  in  August.  1909.  The  material  in  Tunnel  17M  wwi 
soft  sandstone  which  could  be  bored  with  augers. 

The  entire  26.870  feet  of  the  Elizabeth  tunnel  was  completed  cm  FebiuHy 
28.  1911.  The  four  years  and  seven  months  time  set  for  the  driving  of  tfafti 
tunnel  was  beaten  by  450  days,  or  32  per  cent.  The  average  prognm  wm 
10.8  feet  per  day  for  each  heading.  This  includes  the  time  during  wiiich 
the  tunnel  was  driven  by  hand,  while  the  equipment  was  being  purrhanrd  sod 
installed.  The  rock  is  granite,  favorable  for  rapid  work  at  the  south  end,  but 
uneven,  full  of  water,  difficult  and  dangerous  at  the  north  end. 

The  average  cost  per  foot  of  the  Elizabeth  tunnel  was: 

Excavation,  including  timbering Ml. 85 

Lining 9 .  65 

Local  adminiBtration  and  superintendence 2. 10 

Equipment 7 .  W 

Buildings,  water  supply,  etc 5.8S 

Engineering  and  surveys 1 .  00 

ToUl 167.86 

This  does  not  include  general  administration  costs,  whidi  amounted  to  ZM 
per  cent  or  $2.35  per  foot,  making  a  total  cost  of  970.20  per  foot.  The  esti- 
mate of  the  Board  of  Consultng  Engineers  was  $75.33  per  foot  plus  16.5  per 
cent  for  contingencies  and  water  supply,  making  a  total  of  $87.03  per  foot. 
The  saving  therefore  amounted  to  approximately  $18.00  per  foot  os  about 
$500,000  for  the  entire  tunnel. 

On  the  Jawbone  division,  bids  were  asked  for  all  the  construction  at  tUi 
part  of  the  work,  excluding  siphons,  but  including  65,000  feet  of  tunneL  ThBf 
ranged  from  $2,294,000  to  $4,258,000.  After  a  consideration  of  the  bidi 
received,  it  was  decided  that  the  work  would  probably  cost  the  City  Ion  If  K 
were  done  by  day  labor  under  the  Engineering  Department.  This  was  dons" 
the  bonus  system  was  used  in  all  of  the  tunnels  and  the  actual  field  cost  of  all 
the  work  was  $700,000.00  less  than  the  lowest  price  bid. 

Rules  Governing  Payment  for  Bonus  Footage. — 1.  Ten  days  shall  OOOStltnte 
a  period.  The  first  period  to  be  from  the  1st  to  the  10th  of  the  month, 
inclusive;  the  second  from  the  11th  to  the  20th  inclusive;  the  third  from  the 
21st  to  the  end  of  the  month.  Bonus  payments  shall  be  allowed  upon  tte 
basis  of  measurements  made  at  the  close  of  each  ten-day  period. 

2.  The  following  named  classes  of  employes  shall  be  allowed  to  i>artidpalB 
In  bonus  payments: 

Tunnel  Foremen, 

Shift  Bosses, 

Miners, 

Muckers 
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Total  24.5  shifts  required  at  base  rate. 

— 2X5-   »  2.245  average  base  rate. 

20  X  2.245  «  44.9  B  progress  required. 
55  -  44.9  -  10.1  ft.  -  bonus  footage. 

10.  The  computation  of  bonus  footage  shall  be  made  by  diyiding  the  total 
number  of  feet  run  during  the  period  by  the  total  number  of  shifts  worked  dur- 
ing the  period.  From  this  average  footage  per  shift  there  shall  be  deducted 
the  base  rate  of  progress  required,  and  the  remainder,  if  any,  will  be  the  bonus 
footage  per  shift.  The  bonus  earned  per  man  during  the  period  wHl  be  the 
number  of  shifts  in  which  he  worked,  times  the  average  bonus  fooiage.  times 
the  bonus  price  pe'r  foot.  (Provided  all  conditions  as  outlined  In  these  nita 
are  complied  with.) 

Example  1. — 3  shifts  working  10  daya 

Total  progress  for  i>eriod  — 150  feet. 

3  shifts  X  10  days  -  30  shifts  worked. 

150  ft.  4-  30  shifts  =  5  ft.  per  shift. 

Base  rate  of  progress  3.5  ft.  per  shift. 

Bonus  footage  1.5  ft.  per  shift. 

Bonus  earned  for  per  man  >  1.5  ft.  X  10  shifts  X  25  cts.  per  ft.  *  iS.70. 

Example  2. — 1  shift  working  10  days 

Total  progress  for  period  —  50  feet. 
1  shift  X  10  days  -  10  shifts  worked. 
50  ft.  -i-  ^10  shifts  «  5  ft.  per  shift. 
Base  rate  of  progress  3.5  ft.  per  shift. 
Bonus  footage  1.5  per  shift. 

Bonus  earned  for  period  per  man  *  1.5  ft.  X  10  shifts  X  26  eta.  per  ft.  ■ 
$3.75. 

Bonus  Schedulb  fob  Tunnkl  Work  in  thb  LrrTLi  JjAXm  DiYxnoir 


Capacity  of 
tunnel 


430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 
430  sec. 


ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 


Class  of 
rock 

Soft 

Soft 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 


Timbered  or 
untimbered 

Untimbored 

Timbered 

Untimbered 

Timbered 

Untimbered 

Timbered 

Untimbered 

Timbered 

Untimbered 

Timbered 


Class  of 
work 

Hand 

Hand 

Hand 

Hand 

Machine 

Machine 

Machine 

Machine 

Machine 

Machine 


Base  rate 
per  Bhif t 

4.5  ft. 
4.5  ft. 
2.5  ft. 
2.0  ft. 
3.0  ft. 
2.3  ft. 
8.0  ft. 
•  2.3  ft. 
5.0  ft. 
4.3  ft. 


No.  of    Rate  p« 
men  per    maDMr 
shift      boDOifoot 


9 
0 
0 
0 


bODOil 

20elL 
20  eta 
26  Ola 
26  eta 

SO  eta 
40eti 
40  eta. 
80  eta. 
80  eta 


Bonus  Schedule  fob  Tunnel  Wobk  in  the  Elizabeth  TuNKax.,  Nobth  axb 

South  Pobtals 

Rate  per 

Class  of 

work- 

Machine 

Machine 


Class  of  rock 
Hard 
Soft 


Timbered  or 
untimbered 
Untimbered 
Timbered 


Base  rate  No.  of  men  man  per 

per  shift  per  shift  bonus  root 

2H  ft.                16  40  eta. 

2      ft.                23  40  eta. 


Noteworthy  achievements  in  tunnel  driving  by  .the  Aqueduct  organisatU 
were  at  Tunnel  17-M,  which  is  in  a  soft  sandstone  at  the  head  of  the  Red  Bock 
Canyon,  where  a  tunnol  10,596  feet  in  length  was  excavated  in  aevenniQiithi 
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was  13  ft.  below  the  natural  ground  surface.  The  men  at  the  hBariingn  used 
ordinary  round  pointed  spades;  pidcs  were  used  when  gravel  was  encoimteied. 

Cost  of  a  Circular  Brick-Lined  Water  Works  Tunnel  8-Ft.  in  Diameter^-^ 
The  following  data  are  taken  from  Engineering  and  Contracting,  April  2. 
1013. 

The  Chicago  Avenue  Tunnel  connection,  completed  in  March,  1918,  for 
the  Chicago  Water  Works,  is  8  ft.  in  diameter;  is  lined  with  three  rings  of 
brick,  and  is  1 ,2 16  ft.  long.  It  cost  $34.82  per  lineal  foot.  This  is  a  moderate 
figure,  considering  the  quality  of  the  work  done;  the  length  of  the  tunnel;  the 
curves  and  grades  upon  whidi  it  is  built;  that  air  pressure  was  used,  and  that 
engineering  and  inspection  costs  are  all  included.  The  new  tunnel  Joins  the 
lake  section  of  the  7-ft.  Cross  Town  Tunnel  with  the  8-ft.  Blue  Island  Avenue 
Tunnel,  which  was  completed  in  1909.  The  tunnel  parallels  the  curb  10  ft. 
away  on  LaFayette  Court  for  a  distance  of  721  ft.  It  has  a  compound  curve 
at  the  south  end  consisting  of  one  arc  308.5  ft.  long  on  a  radius  of  176  ft.  and 
one  arc  of  65  ft.  radius  and  141.2  ft.  long,  which  connects  with  the  lake  end  of 
the  old  Cross  Town  Tunnel.  At  the  north  end  the  main  tangent  is  deflected 
30°  on  a  curve  of  12  ft.  radius,  to  avoid  making  a  right  angle  connectkm  wUh 
the  Blue  Island  Ave.  Tunnel.  From  this  curve  the  tangent  continues  about 
30  ft.  to  the  junctiu%  with  the  Blue  Island  Tunnel  with  whicdi  it  makes  an 
angle  of  60°. 

The  grade  on  which  the  tunnel  is  built  is  level  between  the  conatructioo 
shaft  and  the  Blue  Island  Avenue  Timnel,  then  rises  at  a  rate  of  1.3  per  cent 
from  the  shaft  south  to  the  point  of  curvature  whence  it  dips  at  a  rate  of  6  per 
cent  on  a  curve  to  the  junction  with  the  lake  end  of  the  old  Cross  Town  TunneL 
The  rising  grade  is  introduced  to  provide  a  safe  clearance  between  the  nev 
tunnel  and  three  other  tunnels  which  pass  under  the  new  bora. 

Shaft  Construction. — Construction  was  commenced  on  May  20,  1012,  with 
the  erection  of  the  office  building  and  tool  hou.se.  The  following  month  wee 
occupied  in  building  a  cement  shed  and  men's  dressing  house;  the  head  hoaee 
framing;  the  frames  and  sheeting  for  starting  the  excavation  for  the  shift; 
in  assembling  the  1-cu.  yd..tunnel  cars,  which  were  built  at  the  city  water  woria 
shops,  and  in  setting  the  100-hp.  fire-box  boiler,  and  building  under  it  a  ftwnda* 
tion  and  ash  pit.  The  preparations  for  active  work  excavating  the  shaft  woe 
continued  during  the  early  part  of  July  and  the  actual  excavation  was  stsrted 
July  15,  1912,  when  a  hole  15  ft.  square  was  started.  This  had  been  csnled 
about  10  ft.  below  the  surface  using  2  X  10-in.  sheeting  held  in  place  by  thXM 
sets  of  timber  frames  spaced  3  ft.  apart  vertically,  when  water  was  enoountsML 
The  excavation  was  then  interrupted  imtii  the  first  sections  of  the  steel  diel 
could  be  placed. 

The  shell  was  built  by  John  Mohr  &  Sons,  Chicago,  and  delivered  In  ptaflB 
for  $930.  It  consisted  of  five  sections  each  11  ft.  5  ins.  in  diameter  and  Oft. 
high,  made  of  M-in.  boiler  plate.  The  two  bottom  sections  were  riveted 
together  in  the  shop  and  provided  with  a  beveled  cutting  edge  stiffened  around 
the  inside  with  an  additional  plate  and  a  6  X  8  X  H-in.  ang^  1  ft.  above  the 
cutting  edge.  The  total  weight  of  the  shell  was  21..3)86  lbs.  with  the  rheta 
Its  cost  delivered  wa.s,  therefore,  4.35  cts.  per  pound.  Eadi  section  wn 
thoroughly  calked  and  all  the  rivets  were  countersunk  on  the  outside  of  tlv 
shell.  By  July  26  the  two  bottom  sections  had  been  placed  and  Mnaititr  64t 
section  had  been  riveted  and  calked.  The  shell  had  also  been  Unedupfelf 
vertical  guide  timbers  placed  on  four  sides.  The  brick  lining  was  then  started, 
the  6  X  8-in.  angle  serving  as  a  footing;  and  on  July  30  had  been  carrM  toft 
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jmbrich 

Sit!Dl3Utica-3ibbl3fvrI 

Ziyds  BeacfiSond 

4'iedgelxjliroroiinaentireciraj'n  TosupportflmcrSump 

Fill.  S. — Completed  ahaft, 

ThH  total  cost  of  the  material  anil  labor  for  Ui<>  copstructlon  of  the  ibltl 
tncluiling  ihe  two  tunnel  eyes  oad  the  brick  lining  waa  iifi75,  or  900.79  par 
lln.  ft.,  as  follows: 

ae.aas  brick  at  I7. •   arn.oo 

34  cu.  yds.  beach  <wiid  at  *1.06 85.70 

Oe  hbls.  Utica  cenipnt  at  tO.90 SO.U 

4S  bbls.  Portland  cement  at  tl.39 00. n 

3.000  ft.  lumber  at  »26 78.00 

8t«elHheet WO.OO 

RaDjEiug  loda oO.OO 

Labor 3.M1.1S 

Teaming.  lor  pij  iron 17B.0B 

Total,  70  liii.  ft  S4,075.00 


1340  HANDBOOK  OF  CONSTRUCTION  COST 

The  work  in  the  north  drift  had  been  extended  12.6  ft.  or  to  23.6  ft.  from  the 
Hhaft  by  two  days'  work  during  the  month  of  September.  It  was  resumed  on 
Feb.  11,  and  completed  to  a  point  55.4  ft.  from  the  shaft  and  13.8  ft.  from  the 
connection  with  the  Blue  Island  tunnel.  A  gate  shaft  about  350  ft.  west  of 
the  connection  permitted  the  closing  of  this  section  of  the  Blue  Island  tunnel 
as  the  end  of  this  tunnel  is  about  100  ft.  east  of  the  connection.  The  tunnel 
was  pumped  out  and  the  connection  made.  As  the  Blue  Island  tunnel  is 
lined  with  concrete,  this  material  was  used  to  make  the  coiShection  and  was 
carried  back  in  the  conneciing  tunnel  for  a  distance  of  14.55  ft. 

The  compressor  was  shut  down  on  Feb.  9  and  the  pressure  allowed  to  give 
out  by  the  working  of  the  air  lock  during  the  work  of  tearing  up  track.  The 
lock  shields  were  removed  and  the  slots,  left  in  the  lining  tyy  their  removal, 
were  concreted.  By  Feb.  28  both  drifts  were  entirely  cleaned  out  and  a  cover 
of  steel  beams  and  concrete  was  placed  on  the  shaft.  The  equipment  and 
construction  buildings  were  then  removed,  leaving  the  site  dear  by  March  15. 

The  total  itemized  labor  time  in  days,  and  of  labor  costs  are  shown  in  Table 
XII.  This  includes  the  time  of  all  men  and  teams  for  the  work  from  the 
commencement  of  operations  until  March  17  when  all  plant  and  buildiogs, 
with  the  exception  of  the  office  building,  had  been  removed.  The  total  cost 
as  given  is  $50,556.20. 

Table  XI. — Total  and  Unit  Costs 

-Shaft Tunnel Grand 


Per  lin.  ft.       Total       Per  lin.  ft.         Total  total 

Engineering     and 

inspection $10.12  $     708.04  $2.05  $2,434.47  $3,142.51 

Labor 34.97  2.447.96  24.90  29.529.06  31.977.02 

Matenals 21.70  1.519.00  7.02  8.320;27  9.839.87 

Plant 8.32  582.05  4.23  5.015.44  5.597.40 

Total $75.11       $5,257.05     $38.20       $45,299.24     $50,556.39 

Table  XI  gives  the  total  and  unit  costs  for  the  work  as  distributed  for  the 
various  classes  of  work  on  the  shaft  and  on  the  tunnel.  The  unit  coat  for  the 
shaft  is  given  in  this  table  as  $75.11  as  compared  with  $66.79  given  previously. 
The  difTerence  is  due  to  the  addition  of  a  proportionate  charge  to  the  shall 
work  of  the  total  cost  of  the  plant.  The  plant  included  in  this  charge  Is  M 
follows: 

Machinery,  care,  etc $3, 757.  51 

Rails  and  switches 464. 69 

Lumber 778. 58 

Pipe  fittings 138. 98 

Miscellaneous 462. 89 


Total $6,597.49 

The  plant  has  been  charged  entirely  into  the  work  according  to  the  flgum 
in  Table  XI  and  distributed  between  the  shaft  and  tunnel  propcwtionately  to 
the  total  costs  of  those  items.  This  charge  is  an  arbitrary  charge  and  Bhould 
be  reduced  by  charging  only  the  depreciation  of  the  plant  against  the 
To  do  this  2  per  cent  of  its  value  should  be  charged  against  the  work 
month,  or  20  per  cent  for  the  ten  months.  Tlus  would  reduce  the  plant  chaiiB 
on  the  shaft  by  $6.64  making  the  total  cost  of  the  shaft  $68.47  per  lin.  ft, 
and  would  reduce  the  cost  of  the  tunnel  $3.38  per  lineal  foot  maldng  thi«  iton 
$34.82  per  lineal  foot  instead  of  $38.20.  In  osculating  the  unit  cost  of  tbe 
tunnel  1.186  lin.  ft.  wus  used  as  the  total  length,  as  30  ft.  of  the  length  of  tbB 
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creek,  9  ft.  4  ins.  outside  diameter,  with  top  at  elevation  14  on  the  Cheliea 
shore  and  at  elevation  10  on  the  East  Boston  shore.  Tha  horixoatal  section 
of  the  tunnel,  joining  the  shafts,  is  400  ft.  in  length,  8  ft.  2  ins.  outside  diameter 
with  the  top  36  ft.  below  mean  low  water  at  the  Chelsea  end.  The  shafta 
were  constructed  with  12-in.  and  the  horizontal  portion  of  the  tunnel  with  8-ln. 
brid^  walls. 

The  Chelsea  shaft  rises  about  12  ft.  above  the  bed  of  the  creek  and  is  pro- 
tected by  a  steel  casing  which  extends  about  13  ft.  into  the  silt  bottom.  TIm 
East  Boston  shaft  was  sunk  through  the  earth  flllingi  back  of  the  masonry 
sea  wall,  and  is  protected  by  a  steel  casing  for  a  distance  of  8  ft.  below  the  top. 

The  axis  of  the  horizontal  section  of  the  3&-in.  pipe,  which  was  laid  in  the 
tunnel,  is  at  elevation  —  40.  The  pipes  were  laid  with  H-in.  opening  between 
the  end  of  the  spigot  and  the  bottom  of  the  socket,  and  the  Joints  were  run  solid 
with  lead  and  were  calked  both  inside  and  outside  after  the  pipe  was  laid.  TtaB 
space  between  the  pipe  and  the  brick  wall  was  filled  with  Portland  cement 
concrete. 

Special  36-in.  branches  were  used  at  the  junction  of  the  horizontal  and  verti- 
cal portions  of  the  pipe  line.  Thirty-six-inch  K  curves  with  manhokw  mn 
set  at  the  top  of  the  shafts.    The  pipes  used  were  1.61  ins.  thick. 

The  steam  plant  for  operating  the  air  compressors,  hoists  and  electric  li|^ 
ing  plant  was  set  up  on  the  Chelsea  shore  of  the  creek  during  the  latter  part  of 
July,  and  the  work  of  sinking  the  shaft  was  begun  during  the  week  endinr 
August  13.  After  August  21,  when  the  air  lock  was  in  place,  the  work  wis 
carried  on  continuously  during  24  hours  per  day,  with  three  shifts.  WUIe 
excavating  the  mud  and  silt  just  below  the  bed  of  the  creek  some  Inoonvai- 
ience  was  experienced  on  account  of  gas,  which  entered  the  shaft  and  affected 
the  eyes  of  the  workmen. 

The  work  of  excavating  and  lining  the  shaft  was  completed  about  Septan* 
ber  1.  An  air  lock  was  then  built  at  the  entrance  to  the  horizontal  portion 
of  the  tunnel,  and  the  small  lock  which  had  been  used  for  sinldng  the  ahaft  wis 
removed.  The  excavation  and  lining  of  the  horizontal  portion  of  the  tunnel 
progressed  at  the  rate  of  about  5  ft.  per  day.  The  air  pressure  Tw^tnt^hMii 
varied  from  14  to  23  lbs.  per  square  inch,  according  to  the  stage  of  the  tide  in 
the  creek  above. 

On  October  13  a  blow-out  occurred  about  150  ft.  from  the  Chelaea  ahaft  at 
a  point  where  a  pile  had  been  removed.  As  a  result,  the  tunnel  waa  flooded 
with  water  to  a  depth  of  about  4  ft.  After  the  hole  was  stopped  the  waler 
was  pumped  out,  and  the  work  proceeded  without  further  mishap. 

On  the  East  Boston  side  of  the  creek  the  material  excfkvated  was  *»fVT**r— 
containing  boulders,  which  required  some  blasting,  so  that  tlie  rate  of  ptogi— 
was  less  than  it  had  been  in  the  sand  and  clay  on  the  Chelsea  aide  of  the  credL 
A  2M-in.  steel  pipe  was  driven,  during  the  week  ending  November  12,  on  the 
center  line  of  the  tunnel  near  the  East  Boston  end,  from  the  surface  of  tiM 
ground  to  the  center  of  the  tunnel,  for  use  in  supplying  compreoBed  air  lOr 
sinking  the  East  Boston  shaft. 

Work  in  the  tunnel  was  discontinued  on  November  17,  when  ajkeel  iwf1'5f«* 
of  the  East  Boston  shaft  and  the  hoisting  engine  were  set  up  on  the  East 
Boston  side  of  the  creek.  On  November  18  the  work  of  ezcavating'the  EHt 
Boston  shaft  was  begun,  and  on  November  24  air  pressure  wan  applied. 

An  opening  was  made  from  the  bottom  of  the  shaft  into  the  tunnd  oB 
December  3.  All  excavation  and  the  brick  lining  for  the  tunnd  mre  eom- 
pleted  on  December  6,  and  the  air  pressure  was  removed  on  the  mominc  of 
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The  plant  was  operated  from  7  a.  m.  Aug.  11, 1910,  to  4  p.  m.  Jan.  11, 19U. 
a  total  of  4,017  hours.  The  cost  of  general  expenses  per  hour  was  therefore 
$4.24. 

EaHh  Excavation. — About  1,040  cu.  yds.  of  earth  were  excavated  under  air 
pressure  of  14  to  23  lbs.  per  square  inch.  Work  was  continuous  for  three 
shifts  per  24  hours.  The  mud  and  silt  was  excavated  Just  below  the  bed  of 
the  creek  at  the  shaft  on  Chelsea  shore.  Fine  sand  and  gravel  were  excavated 
for  10  ft.  below  the  silt,  and  the  bottom  5  ft.  of  excavation  was  in  clay. 

The  shaft  on  the  East  Boston  shore  was  excavated  through  filling  of  day 

and  ashes  for  a  depth  of  25  ft.,  coarse  gravel  for  a  depth'of  15  ft.,  and  below  this 

line  the  excavation  was  in  hard  pan.    The  horizontal  portion  of  the  tunnel 

was  excavated  through  stratified  sand,  clay  and  gravel,  the  strata  dlpplDC 

about  6°  towards  the  Chelsea  shore,  so  that  for  the  first  portion  of  the  work  tbe 

floor  was  in  clay  and  the  arch  in  sand.    As  the  work  progressed  the  fLoot  vas 

in  gravel  and  the  arch  in  clay,  and  at  the  East  Boston  end  the  entire  exeavik 

tion  was  in  hard  pan,  with  some  boulders  which  required  blasting.     The  cost 

of  earth  excavation  was  as  follows: 

Per  oeat 
Cost  of  total 

General  expenses $10, 190. 40  40. 0 

Steel  casings  for  shaft  833.  00  4. 1 

Roof  plates  for  tunnel 1,387. 31  0.8 

Lumber 98.96  0.6 

Tools 112.  36  0. 6 

Labor 7.778. 70  88. 1 

Total $20,400.  73 

Cost  per  lin.  ft.  of  tunnel 40.  68 

Cost  per  cu.  yd 19. 62 

Brick  Lining. — Approximately  320  cu.  yds.  of  brick  masonry  were  built 
under  air  pressure  of  14  to  23  lbs.  per  square  inch.  Work  waa>«ontinuau8  tax 
three  shifts  per  24  hours. 

Per  eent 
Cost  of  total 

General  expenses $  3,078. 64  29. 2 

Brick 1.971. 62  18. 7 

Cement 1 ,  129. 00  10. 7 

Sand 331.39  8.1 

Mason 1,210.80  11.6 

Labor 2.786.26  26.6 

Miscellaneous  supplies 36. 76  0. 3 

Total $10,544.36 

Cost  per  lin.  ft.  of  tunnel 21 .  08 

Cost  per  cu.  yd.  of  tunnel 32. 95 

Laying  36- Jn.  IHpe. — Five  hundred  and  three  feet  of  36-in.  pipe  were  laid. 
Work  was  continuous  for  six  days  per  week  with  three  shifts  iter  24  hours. 

Per  eent 
Cort  of  total 

General  expenses $1 ,708. 90  42.  S 

Lead 382.41  9.4 

Calking 262.00  A.S 

Labor 1,661.10  41.0 

Tools  and  miscellaneous 60. 26  1.8 

Total $4,064.72 

Cost  per  lin .  f t .  of  tunnel 8. 08 
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yonttrueiion  Plant. — Following  fs  a  list  ot  the  construetioa  plant  units 
iployed  and  tbeir  estimated  value  when  new: 

Est.  rahw 
when  new 

air  compreasor.  Ingenol]  No.  119.  24  X  24K  X  30  ina $  2.700 

air  compreuor.  Ingersoll  No.  82,  18  X  1»H  X  24  ins 2,200 

75  hp.  vertical  Manning  boilers.  60  X  13  ina 2,400 

60  hp.  horizontal  Economical  boiler,  50  ina.  X  10  ft 700 

!  air  receivera,  4  X  12  ft 200 

i  abaft  lock.  6  X  6  ft 700 

1  tunnel  lock,  6  X  12  ft 225 

1  4  X  3-in.  Worthington  duplex  pump 200 

1  4  X  3-in.  Knowlea  duplex  pump 200 

1  h«Etd  houae  and  conveyor 200 

1  12  hp.  Paine  dynamo  engine 500 

1  Crocker- Wheeler  generator,  50  amperca,  110  volta,  12,000  r.p.m 180 

1  two-drum.  20  hp.  double  cylinder,  Floyd  Mfg.  Co.  hoiatang  engine 

and  boiler 1 ,200 

1  20  hp.  double  cylinder  Kendal  &  Roberta  holating  engine,  without 

boiler 600 

5  tona  ateel  raila 200 

3  car  trucka.  with  whepbi,  axlea  and  boxea 105 

Centers,  ribs  and  lagging 100 

Pipe  and  fittings 500 

Total $18,240 

6  akipa,  5  X  2H  X  2H  ft 180 

Cost  of  Water  Pipe  Tnnnel  Under  Mystic  River,  Chelsea,  Haas. — Tliework 
of  widening  and  deepening  the  draw  at  the  Mystic  River  bridge  between 
Charle8town  and  Chelsea  necessitated  an  extension,  in  1912.  of  the  existing 
tunnel  a  distance  of  273  ft.  from  the  old  shaft  on  the  Charlestown  side  of  Uk 
former  channel.  William  E.  Foss  describes  this  work  in  Engineering  anr 
Contracting,  Oct.  14,  1914,  from  which  article  the  following  data  are  taken. 

The  work  was  begun  March  8  and  was  completed  Sept.  11,  1012.     It  «i 
done  by  the  pneumatic  process,  the  pressure  varsring  from  10  to  27.6  lbs.  p 
square  inch.    The  work  was  carried  on  continuously  with  a  day  labor  foi 
working  in  three  8-hour  shifts  per  24  hours. 

The  work  of  setting  up  the  boilers,  air  compressors,  electric  light  pit 
hoisting  engines,  pumps,  etc.,  was  begun  on  March  8,  and  during  the  w 
ending  Marcii  23  the  water  was  pumped  out  of  the  old  tunnel,  the  old  p* 
removed  from  tlie  shaft  and  a  brick  bulkhead  24  ins.  thick  built  into  the  tir 
about  12  ft.  from  the  shaft.     An  air  lock  was  then  bolted  to  the  top  of 
shaft  and  on  April  1  the  air  pressure  was  applied.     The  brick  lining  was 
remove<l  at  ttie  bottom  of  the  shaft  and  the  work  of  driving  the  tunnel  e 
sicm  l>egan  on  April  8.     Wliile  a  circular  steel  shield,  and  wooden  lagginf 
xmnl  in  UHK),  steel  roof  plates  have  b(Mm  used  and  the  wooden  lagging  luu 
omitted  in  all  subaciueous  tunnel  work  since  that  date. 

Rock  wiLs  (^ncoimtered  in  the  lower  part  of  the  heading  and  rose  as  ttw 
ing  advanced  until  at  a  distance  of  24  ft.  from  the  center  of  the  old  sh 
tunnel  wuh  (-ntirely  in  rock  and  so  continued  for  a  distance  of  200  If 
work  of  lining  the  tunnel  with  brick  was  commenced  on  April  13  ai 
excavation  and  lining  were  carried  forward  at  the  rate  of  about  2  ft.  in  ' 
until  July  17.  when  the  brick  lining  had  been  advanced  206.5  ft.  bey 
old  shaft.    A  brick  bulkhead  was  then  built  near  the  end  of  the  flnlab 
work  and  the  lined  portion  of  the  tunnel  cleaned,  plastered  with  oem 
w  and  washed  with  cement  grout.     A  concrete  bulkhead  leinforoed  i 
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Oeneral  Expenses. — The  following  general  expenses  were  incurred: 


Superintendence $  2,400. 00 

Rental  of  plant  and  services  of  assistant 6, 620. 00 

Installing  JPlant: 

Labor $     090. 03 

Teams  and  lighter 135. 00 

Supphes 602. 76 

Hoisting  plant: 

Labor $  797. 00 

Lumber 632. 92 

Supplies 64. 20 

1,384.U 

Operating  plant: 

liabor $7,860.22 

Coal 2,889.  60 

Miscellaneous  suppUes 208.  52 

Miscellaneous  teaming 48. 00 

Removing  plant: 

Labor $     421. 25 

Teams  and  lighter 190. 00 

611.  S6 

Preliminary  and  incidental  expenses: 

Pumping  water  from  old  tunnel $     388. 32 

Building  and  removing  bulkheads 382. 58 

Cutting  brickwork  in  old  tunnel 491. 08 

Cleaning  out  finished  tunnel,  etc 276. 38 

1.688.86 

Total  general  expenses $28,847. 86 


The  plant  was  operated  4,248  hours,  from  7 :  30  a.  m.,  March  13,  to  7: 80  a. 
DGi.,  Sept.  6,  1912.    Cost  of  general  expenses  per  hour,  $5.61. 

Earth  Excavation. — ^About  301  cu.  yds.  of  earth  waa  exoav»ted  under  air 
pressure  of  19  to  27>^  lbs.  per  square  inch.  Work  was  continuous  for  three 
shifts  per  24  hours.  Material  encountered  in  the  shaft  varied  from  fine  sU^ 
sand  at  the  bed  of  the  river  to  sand  and  coarse  gravel,  with  some  boulders,  it 
the  elevation  of  the  tunnel.  In  the  horizontal  portion  of  the  tunnel  the  mate- 
rial was  largely  blue  gravel. 

Per  eent 
of  total 

General  expenses $5,277. 34  66. 8 

Steel  casing  for  shaft 760. 00  8.  S 

Roof  plates  for  tunnel 510. 86     .  6. 6 

Clay 96. 99  1.1 

Tools 21.68  O.a 

Miscellaneous  supphc8   23. 86  0.  S 

Labor 2,506.10  26.0 

Use  of  lighter  setting  steel  Casing 93. 38  1.0 

Total $9,290.06 

Cost  per  linear  foot       $61. 18 

Cost  prr  cu.  yd.  of  excavation 80.00 


Rock  Excavation. — ^Approximately  302  cu.  yds.  of  rode  mui  canssysted  In 
the  horizontal  portion  of  the  tunnel.  The  rock  was  of  a  hard,  though  wtusg* 
texture  and  required  blasting.    The  air  pressure  used  wis  the  Mune  M  irim 
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Cost  of  Two  Tunnels  in  Rock  Under  the  Brie  Canal  for  the  Buffale,  N. 
Water  Works. — In  order  to  run  four  60-in.  mains  from  the  new  immi 
station  to  the  main  part  of  the  city  of  Buffalo  all  four  are  obliged  to  cross 
Erie  Canal  a  short  distance  from  the  pimiping  station.  Two  of  these  m 
run  up  Jersey  St.  and  two  up  Porter  Ave.  and  it  was  decided  to  tunnel  un 
the  canal  at  these  two  points. 

The  following  data  relative  to  this  work  are  taken  from  a  series  of  arti 
by  C.  H.  Hollingsworth,  Supt.  for  the  contractors,  appearing  in  T^gfaw 
and  Contracting,  April  17,  May  1  and  May  8,  1912. 

The  sections  of  the  Jersey  Street  and  Porter  Ave.  tunnels  were  the  sam 
size  and  length,  i.e. — 18  ft.  wide  by  10  ft.  high  (finished)  and  220  ft.  c.  to  < 
shafts.  The  main  difficulties  arose  in  excavating  the  shafts  where  large' 
umes  of  water  had  to  be  pumped.  The  finished  dimensions  of  the  ah 
were  10  by  21  ft.  in  plan  and  56  and  65  ft.  deep  respectively. 

Since  the  work  had  to  be  carried  on  in  winter  (in  order  not  to  Mock 
towpath  during  the  summer  months  while  the  canal  is  in  use)  tbe  dUBcid 
were  greatly  intensified.  Mr.  Hollingsworth  gives  no  data  relative  to 
cost  of  excavating  the  shafts  but  says: 

The  shaft  sinking  was  one  of  the  hardest  propositions  in  tliat  line  thit 
writer  has  ever  seen.  At  the  dryest  shaft  (No.  4)  thepumpage  averaged 
gals,  per  minute  when  the  shaft  was  sunk  to  grade.  At  Shaft  3  tlie  leakage 
350  gals,  per  minute  after  it  had  been  sunk  the  full  depth,  but  at  times  din 
the  sinking  the  leakage  amounted  to  1,050  gals,  per  minute.  At  shaft  % 
leakage  at  times  during  the  sinking  ran  as  high  as  1,6^  gals,  per  mimite 
when  the  shaft  was  down  to  g^rade  it  was  400  gals,  per  minute.  In  Siiaft  1 
leakage  at  times  ran  as  high  as  1,300  gals,  per  minute,  and  when  sunk  togi 
the  leakage  ran  about  500  gals,  per  minute.  From  these  figures  it  can 
seen  that  the  pumping  was  a  very  considerable  item  and  after  drilling  a  ro 
it  was  a  serious  problem  to  remove  the  pumps  before  shooting  and  Tqd 
them  after  the  shot.  Oftentimes  there  was  6  ft.  of  water  in  the  shaft  bd 
the  shot  could  be  fired.  Added  to  this  was  the  fact  that  the  aeveze  mil 
caused  everything  in  the  shafts  to  be  coated  with  ice  and  it  was  remaxki 
that  the  men  stuck  so  well  to  the  work.  Only  one  shaft  pump  was  iMod  i 
all  the  other  pumps — of  which  there  were  12  in  all,  used  at  different  time 
were  horizontal,  duplex  plunger  pumps  of  various  sizes.  Tfaeee  pumpai 
hung  in  the  shaft,  being  suspended  from  the  timbering. 

Jersey  St.  Tunnel. — The  Jersey  St.  tunnel  was  driven  from  Shaft  4 audi 
started  Feb.  6,  but  as  the  first  two  rounds  had  to  be  drilled  from  tripods,  aA 
ing  the  use  of  only  two 'machines,  the  progress  was  retarded  far  the  lint  t 
days.  The  rock  in  this  tunnel  was  partly  black  flint  and  partly  a  vafyli 
limestone.  The  rock  being  hard,  the  blasting  made  considerable  concuri 
and  as  the  district  nearby  was  tliickly  populated,  a  steady  stream  (tf  M 
plaints  began  to  come  in.  To  make  matters  worse,  the  weather,  wfaidi all 
start  of  the  blasting  was  mild  and  wet,  suddenly  turned  very  oold,fkwriB|l 
ground  so  that  the  slightest  shock  was  transmitted  a  long  way.  Wtad> 
were  broken  and  crockery  was  shattered.  In  order  to  shut  off  aamarfl 
complaints,  the  following  system  was  tried:  First  a  round  of  g-ft.  hobiV 
drilled  and  fired  every  eight  hours  in  the  heading,  the  holes  bell] 
sliown  by  Fig.  6,  and  two  rounds  were  drilled  on  the  bench.  In 
order  to  make  as  little  disturbance  as  possible,  the  four  bottom  tet  UbtaatM 
fired  first,  next  the  two  top  cut  holes,  next  the  six  holes  in  tiif^  ^i^^  leHitf 
lastly  the  five  dry  holes.     This  did  not  seem  to  please  tbe  pubUftHlf  ^ 

.  -J 
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shots  could  easily  be  made  in  24  hours,  with  an  average  advance  of  about  5A 
ft.  the  four  d-ft.  rounds  could  not  be  drilled  and  shot  in  24  hours.  The  beit 
that  could  be  done  was  at  the  rate  of  seven  shots  in  two  days,  averaging  4.1 
ft.  per  shot;  so  that  with  the  long  holes  the  daily  advance  was  15.6,  while 
with  the  short  holes  the  daily  progress  was  14.3,  showing  a  percentage  inf^vor 
of  the  former  method.  The  amount  of  work  required  by  the  short  hole 
method  was  also  vastly  greater  for  the  small  progress,  as  it  required  an  eztia 
setting  up  and  tearing  down,  and  the  shooting  time,  instead  of  coming  at  tbe 
end  of  the  shift,  came  to  all  sorts  of  unseemly  hours.  The  headln^r  was  taken 
out  15  ft.  wide  and  7  ft.  high,  leaving  a  bench  of  5>s  ft.  Three  drilling  gangs 
were  used,  each  working  an  eight-hour  shift,  and  each  composed  of  one  bead- 
ing foreman,  one  nipper,  four  drill  runners  and  four  helpers  in  the  heading  and 
one  runner  and  one  helper  on  the  bench.  This  gang  had  to  muck  out,  set  up* 
drill  an  8-ft.  round  and  shoot  in  eight  hours,  and  this  tliey  did  without  any 
trouble.  In  shooting,  delay  action  exploders  were  utilized  in  the  foUowlng 
way:  The  cut  holes  and  first  round  on  the  bench  were  loaded,  using  the 
ordinary  exploders,  the  side  round  and  second  round  on  the  bencdi  were  loaded 
with  first  delay  exploders  and  the  dry  holes  were  loaded  with  second  delay 
exploders.  The  cut  and  the  two  bench  pounds  were  fired  first.  Then  if  tlie 
cut  needed  reloading  this  was  done,  using  ordhiary  exploders,  after  whidi  it 
and  side  round  and  dry  holes  were  all  connected  up  and  fired,  making  only  two 
shots.  In  drilling,  Ingersoll  £-24  drills  with  3K-in.  cylinders  were  used, 
mounted  on  arms  and  6>2-ft.  columns.  An  air  pressure  of  about  105  lbs.  at 
the  compressors  was  maintained,  giving  an  effective  pressure  at  the  drills  of 
about  90  or  95  lbs.  The  powder  used  was  60  per  cent  dynamite  and  tbe 
compressed  air  was  used  to  blow  out  the  smoke  after  every  shot.  As  the 
tunnels  were  short,  there  was  not  much  trouble  from  smoke.  The  heading 
was  at  all  times  kept  about  25  ft.  ahead  of  the  bench. 

In  mucking  a  muck  foreman  and  14  to  16  men  were.  used.  The  muck  was 
loaded  into  IH  cu.  yd.  dump  buckets,  the  same  as  used  in  sinking  the  shafti. 
These  buckets  were  set  on  flat  cars  and  when  loaded  were  run  out  to  the  abaft, 
picked  up  by  the  derrick  and  dumped  into  the  bottom  dump  wagons,  whldi 
hauled  the  muck  to  a  dump  a  short  distance  away.  These  wagons  took  Juit 
one  bucketful  each.  The  buckets  were  each  provided  with  a  safety  chain, 
with  a  snap  hook  in  case  the  tripping  lever  of  the  bucket  should  catch  on  any 
of  the  timbers.  In  loading  the  buckets  in  the  tunnel  a  double  track  was  laid 
from  the  shift  into  the  bench  without  any  switches,  and  one  bucket  was  niB 
in  and  loaded  partly  from  muck  wheeled  out  from  the  heading  in  wheelbaROin 
and  partly  by  shovelers  working  at  the  foot  of  the  bench.  While  this  budcei 
was  being  loaded,  the  one  on  the  other  tracks  had  been  pushed  out,  set  npi 
dumped  and  returned.  Instead  of  using  a  hook  on  the  derrick  to  hook  on 
to  the  buckets,  a  special  block  and  clevis  was  used.  This  was  to  prevent 
accidents  from  the  bucket  striking  a  timbec  when  being  loix^ered  and  beoondng 
imhooked.  The  clevis  was  about  as  quick  to  attach  and  take  off  as  a  hook* 
and  was  much  safer.  Owing  to  the  hard  and  blocky  nature  of  the  rock  in  tUa 
timnel,  no  extra  fast  progress  was  made,  although  a  fair  rate  was  malntdned. 
During  the  first  week  a  progress  of  77.5  ft.  was  made,  but  for  the  flnt  two 
days  of  the  week  only  two  drills  on  tripods  could  be  used  in  starting  the  bead- 
ing from  the  shaft  and  a  shot  was  lost  later  on,  as  the  gang  had  to  be  taken  back 
to  the  shaft  to  drill  a  sump  and  some  trimming  holes.  For  the  second  week, 
ending  Monday  forenoon,  Feb.  20,  the  progress  was  108.2  ft.  of  both  hoadlni 
and  bench.    The  third  week  the  heading  was  completed  on  Wednetdny  fon* 
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ending  Monday  forenoon,  Feb.  27.  was  126  ft.  of  heading  and  bench.  In  faet 
a  gain  of  25  ft.  was  made  on  the  bench.  This  progress  was  made  in  the  lii 
days  and  one  extra  6-f t.  round  fired  on  Sunday  to  finish  up  the  tunnel  to  ttas 
further  side  of  Shaft  2.  The  advance  made  on  the  &-ft.  round  was  6  ft.,  and 
deducting  this  the  average  advance  of  the  other  18  shots  was  6.7  ft.  per  shot. 
The  only  difference  between  here  and  the  Jersey  St.  work  in  the  men  employed 
was  tliat  at  Porter  Ave.  during  this  last  week  an  extra  muck  foreman  was  used 
in  the  heading  and  this  resulted  in  a  much  faster  handling  of  ttie  muck  witb 
the  same  number  of  muckers.  The  entire  distance  of  222  ft.  was  taken  out  in 
34  shots  or  ll>i  working  days,  averaging  about  6.5  ft.  per  shot. 

Table  XIV. — Cost  of  Excavating  Porter  Ave.  Tunnel,  Osiginai.  Sbctiom 

(Progress  21  lin.  ft.  per  24  hours;  and  of  section  excavated  187H  sq.  ft.;  oubie 

yards  per  24  hours  146) 
Excavation  i>er  sliift:  Cost 

1  heading  foreman $    5. 00 

5  drill  runners  at  $3 15. 00 

6  helpers  at  $2.25 11.25 

1  nipper 2. 25 

1  muck  foreman 3.00 

14  muckers  at  $2.00 28.00 

1  bottom  signal  man 2. 00 

Total  per  shift $  66.50 

Total  per  24  hours  (three  shifts) '. $199. 50 

Disposal  per  shift: 

1  top  signal  man $    2. 00 

2  dumpers  at  $1.75 3.50 

2  men  at  dump  at  $1.75 • 3. 50 

4  teams  at  $6 24.00 

Total  per  shift $83.00 

Total  per  24  hours  (three  shifts) $99.00 

Grand  total $298.60 

Summary 
Item  Per  oa.  yd. 

Excavation $1. 36 

Disposal .68 

Powder  2^  lbs.  i>er  cu.  yd.  at  14  cts .39 

Exploders  and  wire ^ .04 

Total : . . .         $3.47 

Table  XV. — Cost  of  Widening  Porter  Ave.  TmnmL  fbom  15  Fr.  to  20  Fr. 

(Progress  42  lin.  ft.  per  day;  and  excavated  62H  BQ-  ft.;  oubie  yards  per  9A 

hours  97) 
Excavation  per  shift:  Coet 

1  heading  foreman $    6. 00 

4  drill  runners  at  $3 12.00 

4  helpers  at  $2.25 9.00 

1  nipper S.  2$ 

1  muck  foreman 3. 00 

10  muckers  at  $2 ., 90.0$ 

1  bottom  signal  man .* - 9. 00 

Total  per  shift : $     58.21 

Total  per  24  hours  (three  shifts) .$  189. 7$ 

Disposal  per  shift: 

(Same  as  in  Table  XIV.) 

Total  per  24  hours  (three  shifts) *  $  99.00 

Grand  total $888.75 
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Tablb  XV. — Continued 

SlTMMART 

Item  Per  on.  yd. 

Excavation $1. 64 

Disposal 1. 02 

Powder  2  lbs.  at  14  ots .28 

Exploders,  wire,  etc .08 

Total $2.97 

In  placing  the  concrete  lining  of  the  tunnels  and  shafts,  a  Haines  mixer 
was  installed  in  one  shaft  in  each  tunnel  and  all  concrete  carried  from  thtt 
point  in  cars  as  shown  in  Figs.  7  and  8. 

The  floor  of  the  tunnel  was  poured  first  then  the  walls  and  roof.    Fig.  8 

shows  the  forms  clearly  and  indicates  the  general  method>by  which  the  wwk 

was  done. 

Table  XVI. — Cost  op  Concrbting  in  Tumnbla 

(Progress  24  lin.  ft.  per  day;  and  of  section  70  sq.  ft.;  yardace  62  ou.  srds.) 

Per 

Mixing:  Total  ou.  yd. 

1  foreman .«■  .   $    3.  00  

6  men  at  $1.76 10.50  ■. 

2  mixer  men  at  $2.00 4.00  


Total  per  shift $  17.  50          

Total  per  24  hours  (3  shifts) $  52.  60  $0,847 

Placing: 

1  foreman $     3. 00          

8  laborers  at  $2.00 16. 00          

2  car  pushers  at  $2.00 4. 00          

Total  (one  shift) $  23. 00         

Total  per  24  hours  (3  shifU) $  60. 00  $1.  US 

Forms: 

Boss  carpenter $     4. 00         

8  carpenter  at  $2.80 22. 40  

Total  (one  shift  only) $  26. 40         $0,430 

Grand  total $147. 00         $2. 88 

Table  XVII. — Cost  of  Concrbting  in  SHAfrs 

(Progress  12  ft.  per  day;  area  66  sq.  ft.;  yardage  20  ou.  yds.) 
Mixing:  Cott 

1  foreman $  I.OO 

6  laborers  at  $1.75 ICW 

2  mixer  men  at  $2.00 4.00 

Total  one  shift $17.80 

Total  (two  shifts)  per  day $85.00 

Placing: 

1  foreman .$  8.00 

8  laborers  at  $2.00 18.00 

Total  (one  shift) $18.00 

Total  (two  shifts)  per  day $88.00 

Forms: 

Boss  carpenter $4.80 

8  carpenters  at  $2.80 88.80 


One  shift  only. . . 

Grand  total 

Total  per  cu.  yd . 


Comparative  Cost  of  Constructing  Concrete  Lining  Utiiif  Gravity  dmto  nd 
Steam  Mixer.— W.  D'Rohan  gives  the  following  in  Bngineertiig  uid  CoBlnet^ 

Ing,  July  6,  1910. 
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machine  mixed  concrete,  where  water  heated  by  the  exhaust  Bteam  was  used. 
In  handling  the  steam  mixer,  6  men  and  an  engineer  were  required,  while  with 
the  <^ute,  3  men  got  out  twice  as  much  concrete,  and  so  satisfactory  to  tbs 
engineers,  promoters  and  contractors  that  the  new  machinery  was  never  used. 

A  total  of  1,500  cu.  yds.  of  concrete  were  mixed  in  this  manner,  and  required 
but  one  renewal  of  the  baffles,  the  second  set  being  placed  <H>POBlte  the 
worn  ones  to  keep  the  sides  from  wearing  into  holes  where  the  conciete  hit 
on  the  rebound  off  the  baffles.  The  total  cost  of  chute,'ienewal  of  ballleB  ud 
labor  of  building  in  place  was  $76  or  5  cts.  per  cu.  yd. 

Gravel,  cement,  lumber  and  water  for  this  work  had  to  be  hauled  5  mfles 
over  a  rough  moimtain  road  and  were  delivered  by  contract  at  $1.25  per  yiid 
for  gravel,  cement  76  cts.  per  ton,  and  water  10  cts.  per  barrel.  Lumber  eoit 
$30  per  M.  ft.  B.  M.  Ideal  Portland  cement,  a  Colorado  product,  cost  $3J6 
on  the  job;  labor  cost  $2.50  for  carmen  and  outside  men,  $2.76  for  oreriieid 
shovelers;  carpenters  40  cts.  per  hour,  and  foremen  $4  per  day.  Two  10- 
hour  shifts  were  worked  and  the  whole  tunnel  lining  of  2,400  cu.  ydi.  of 
concrete  was  completed  in  40  working  days. 

The  comparative  itemized  cost  of  lining  by  steam  mixing  and  by  the  duito 
were  as  follows: 

Steam  Mdckb 

1  engineer $  4. 20 

4  men  feeding 10. 00    ■ 

1  roustabout 2. 60 

2  men  loading  into  cars 6. 00 

4  men  placing  in  forms 11. 00 

3  carpenters 12. 00 

3  carpenters'  helpers 7. 60 

2  carmen 6. 00 

1  trackman 2. 60 

1  general  foreman 6. 80 

Total  labor  for  15  yds $66. 20 

Labor,  per  yard '. . , .   $  4. 41 

Qravel,  per  yard 1. 60 

Cement,  per  yard 2. 60 

Water 0. 20 

Lumber 0. 08 

Light - 0. 10 

Coal  and  oil  for  mixer 0. 25 

Wear  and  tear  of  mixer 0. 26 

Total  cost  per  yard $  0. 20 

Gbavitt  Chutx 

3  men  mixing $  7. 80 

4  carmen 10. 00 

6  men  placing  in  forms 16. 60 

4  carpenters 10.00 

4  carpenters'  helpers 10. 00 

2  trackmen 5. 00 

1  general  foreman 6. 80 

Total  labor  for  35  yds $71. 60 

Labor,  per  yard 2. 04' 

Gravel,  per  yard 1. 60 

Cement,  per  yard 2. 60 

Water , 0. 20 

Lumber 0. 08 

Light 0. 10 

Mixer 0. 06 

Total  cost  per  yard 8  6.47 
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Cement  DcjiTwy — 
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^lien  ciiere  wa^  juScient  rock  oa  hand  for  continuous  concretini^  the  forms 
were  Slied  v^ry  rapidly,  one  form  haTin^  been  filled  in  1  hour  and  40  mimrt— ^ 
The  formii  contained  from  50  to  70  yd.,  of  concrete,  depending  upon  the  em- 
vatin^  ^4<ctlon.  Durinj^  January.  1917.  one  marhino  at  Lincohi  Ave.  lAwed 
2.707  lin.  ft.  of  tunnel  Lining. 

Working  between  16  and  24  hours  a  day,  one  mi^hino  at  the  Lfaw^in  shaft 
put  in  2.900  Lin.  ft.  of  tunnel  in  a  month,  and  the  yardage  of  the  linhig  runt 
2  cu.  yd.  per  lineal  foot.  The  ultimate  capacity  of  the  mixer  is  60  cu.  yd.  ptf 
hour. 

Quantity  of  Grout  Required  for  Typical  Aqueduct  TuimeL — ^Tbe  foUowinC 
data  are  taken  from  an  article  by  James  F.  Sanborn,  published  in  Encineeriiif 
Record,  April  15.  1016. 

The  CannifT  tank  i^  well  adapted  for  handling  grout  rapidly.  As  Ugh  M 
1.500  batches  or  115  cu.  yd.  of  grout  h&ve  been  placed  in  one  day  of  three 
shifts  by  a  pair  of  tanks.  A  small  force  operates  the  tanks  and  do  htfi- 
priced  men  are  required  for  repairs  or  operation.  Either  rich  or  weak 
grout  can  be  used,  and  the  tank  is  adapted  for  low  as  well  as  for  very  Ui^ 
pressure. 

A  disadvantage  of  the  CannilT  tank  is  shown  when  used  for  high  pimeuie 
work,  when  the  grout  is  discharged  very  slowly  into  fine  seamSp  taking  a  lODg 
time.  In  such  ca.ses  the  cement  has  time  to  settle  out  of  the  mixture  md  dog 
the  openings.  However,  as  very  thin  grout  should  be  used  in  audi  caaee,  the 
difficulty  is  not  very  serious  practically. 

The  quantity  of  grout  placed  in  a  typical  stretch  of  12-ft.  tunnel  of  the  i 
kill  Aqueduct  was  as  follows: 

Length  of 

tunnels 

grouted 

liow  proB8ur«  grouting* 10,113  ft. 

High  proHHuro  groutingt 10*,  1 13  ft. 

*  Mom!  of  the  grout  placed  in  the  low  pressure  operation  filled  the  tpaoe  abovt 
tlio  roncrote  in  the  tunnel  roof. 

t  MoHt  of  the  high  pressure  grouting  was  to  cut  off  leaks  from  Mama  in  tbi 
rock,  and  to  fill  pans. 


The  Overbreakage  in  the  Catskill  Aqueduct  Tunnels. — In  building  tbt 
( 'HtHklll  aqueduct  to  New  York  City  careful  records  were  kept  of  the  unouBt 
of  <)v<Tbreakage  in  the  different  sections  of  the  49  miles  of  tunnel.  Theiped- 
tlcations  were  so  drawn  as  to  encourage  the  contractors  to  reduoe  the  ovtf' 
l)reakage  to  a  minimum.  Engineering  and  Contracting.  Au^.  16.  1017.  giw 
th(^  following  brief  outline  of  the  specified  method  of  determining  the  pel 
ynrdagfi  !)uth  of  excavation  and  of  concrete  lining  and  a  summuy  d  tlv 
(lata  as  to  overbreakage. 


No.  of 

oonneet- 

Shifto 

Co.  yd. 

lODS 

woiked  Uqiud 

made 

groit 

170 

60 

1.744 

1,670 

113 

in 

Where  the  lunnel  dipp 
WDsequenily  be  an  loten 
llometer  itialde  the  concr 
Urcle  14  tl.  dtam.)  "  tbe  li 
>r  it  Is  anotlier  line  wltbln 
'the  cleoroncellne."  Pai 
3  tbe  "paymeat  line,"  be 
;or  itt  the  regular  coDtrat 
Tiay  be  called  "  overbreak 
In  the  CataMU  aquedm 
should  be  paid  2. SO  oi  13 1: 
thia  extra  excavation  and 
breaks^,  Since  tbe  coni 
by  the  engineers  that  this 
nation  for  any  unavoidabli 
to  make  it  profitable  to  t 
"the  clearance  line"  then 

concrete  in  any  croas-secti 
Tbe  above  dimenaions  r 
3fi  miles  In  length.  There 
tlon  that  did  not  dip  beto 
dimenHions  of  a  "grade  ti 


managed  to  average  a  full 
tractor  avera^d  ao  overb 

In  four  tunnels  through 
age  averaged  1  %  In.  outsii 

In  19  tunnels  through  g 
breakage  averaged  3Ji  in 

(7.330  (t.)  the  overbreakaj 
contractor  purposely  eica 
avoid  the  expense  of  triir 
lilocky  and  joints  were  nui 

In  10  tunnels  through  M 
age  overbreakage  was  2H 
only  9i  in,,  whereas  In  ane 
d  la  integrated. 

Those  experienced  in  ti 
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In  the  softer  rocks,  like  shales  and  limestones,  where  air-hammer  drills  can 
be  efiFectively  used  in  trimming  the  sides,  the  overbreakage  average  consider- 
ably less  than  in  the  tough  rocks,  like  granite,  gneiss  and  schist.  In  tough 
rocks  the  contractor  drills  his  blast  holes  deep  enough  to  insure  breakage 
beyond  the  "payment  line,"  so  as  to  reduce  the  trimming.  One  of  the  con- 
tractors used  a  large  number  of  horizontal  rim  holes  in  excavating  the  lower 
half  a  pressure  tunnel  through  gneiss,  and  thus  secured  an  underbreakage  of 
H  in.  inside  the  "  payment  line." 

Cost  of  Excess  Yardage  in  Tunneling. — The  following  data  are  given  in  the 
Report  on  the  Los  Angeles  aqueduct. 

Too  much  care  cannot  be  exercised  to  avoid  overshooting  in  tunnels,  because 
of  the  excess  yardage  that  is  involved  when  it  comes  to  lining  them  with  ooor 
crete.  Sonie  tunnels  were  driven  and  trimmed  so  closely  that  this  excess 
yardage  of  concrete  did  not  exceed  15  or  20  per  cent  of  the  theoretical  yardage 
of  concrete,  but  the  cost  of  this  trimming  amounted  to  as  much  as  $2.00  per 
lineal  foot  of  tunnel,  and  probably  too  much:  time  and  care  were  put  upon  it. 
As  a  rule  the  excess  yardage  of  concrete  was  from  40  to  50  per  cent  of  the  theo- 
retical, and  in  some  tunnels  as  much  as  100  per  cent.  Experience  indicates 
that  rock  tunnels  should  be  driven  so  that  the  excess  yardage  of  concrete  lining 
may  not  be  over  30  or  40  per  cent.  In  driving  tunnels,  frequent  measure- 
ments should  be  made  of  their  cross-section  to  determine  what  this  excess  is. 
Where  a  yard  of  concrete  to  the  lineal  foot  of  tunnel  is  being  placed,  100  per 
cent  excess  could  readily  amount  to  $6.00  or  $7.00  per  foot,  and  a  30  per  cent 
excess  would  represent  $1.80  per  foot.  Tunnels  in  ordinary  rock  should  be 
driven  with  a  small  amount  of  trimming;  as  close  as  this  percentage.  It  has 
been  found  to  be  the  best  practice  to  so  excavate  the  sub-grade  at  the  start 
that  the  top  of  the  ties  is  on  the  bottom  of  the  theoretical  sub-grade,  so  as  to 
avoid  expensive  trimming  and  delays  when  it  comes  to  concrete  lining. 

Depth  and  Number  of  Drill  Holes  in  Tunnels. — ^The  following  tabtes  are 
taken  from  Bulletin  57  of  the  Bureau  of  Mines  prepared  by  D.  W.  Brunton 
and  J.  A.  Davis,  as  abstracted  in  Engineering  and  Contracting,  July  8.  1014. 
The  authors  in  summarizing  the  discussion  of  the  advantages  of  shallow  and 
deep  holes  state  that  it  is,  of  course,  impossible  to  set  any  definite  standard 
or  guide  for  the  proper  depth  of  hole  that  will  be  applicable  to  all  cases.  There 
are  too  many  variables  influencing  the  result.  The  proper  depth  must  be 
determined  by  experiment  in  each  individual  case.  However,  from  an  ex- 
tended examination  of  the  results  obtained  from  the  methods  employed  in 
American  practice,  from  a  careful  analysis  of  European  practice  as  outlined 
in  available  published  accounts,  and  from  a  study  of  all  other  procurable 
modem  authority,  the  authors  are  of  the  opinion  that  for  the  majority  of  cisei 
the  proper  depth  of  drill  hole,  the  one  that  most  equitably  balances  the  ad- 
vantages and  disadvantages  inseparable  from  the  problem,  is  60  to  80  per  oeot 
of  the  width  of  the  tunnel  heading.  Table  XVIII  gives  an  analysis  of  Ameri- 
can practic*=!  in  this  resi)ect. 
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Determination  of  the  number  of  holes  which  secures  the  best  results  in 
driving  tunnel  headings  is  affected  by  too  many  conditions  to  permit  In  any 
work  of  precisely  following  previous  experience.  Such  experl^ioe,  however. 
furnishes  hints  which  are  of  use  and  for  this  reason  Table  XIX  is  given. 


TaBLB    XIX. NUMBBB    or    HOUBS    USBD    IN    DBIVINO    TuNNBL    HXADDfOB  Of 

Vabious  Ambrican  Tunnsls 

8q.  ft.  of  heading 


Name  of  tunnel 


Num- 
ber of 
holes 


Burleigh 16 

Buffalo  (water) 22 

Carter 10-11 

Catskill  aqueduct: 

Rondout  siphon 22 

Wallkill  siphon 24 

Moodna  siphon 24 

Yonkers  siphon 21 

Central 18-24 

Chipeta 15-19 

Fort  William  (water) ... .    14-20 

Gold  Links 12 

Grand  Central  sewer 18 

Gunnison 24 

Joker 19-21 

Laramie-Poudre 21-26 

Lausanne 15-21 


Character  of 
rock  penetrated 

Gr.  and  gn. 

L. 

Gn.,  gr.  and  po. 

L.,  sn.,  and  sh. 

Sh. 

Sn.  and  sh. 

Gn. 

Gn. 

Ba. 

Gn.  and  gr. 

Gn. 

Gr. 

Gr 

Sh.,    oong.    and 


Approx. 
area  of 


pe: 

Se<&- 


r  hole- 


heading,  mentary  Igneoui 

sq.  ft.        rooka  rooks 

42       2.8 

120  6.5     

41       3.7-4.1 


120 

120 

120 

120 

85 

57 

35 

48 

40 

60 

130 

70 

85 


5.5 
5.0 
5.0 


6.2-6.9 
4.6^5*.  6 


6.7 

1.5-1.9 

3.0-3.8 

1.7-2.5 

4.0 

2.S 

3.6 

3!  7^!  8 


Los  Angeles  Aqueduct: 

Elizabeth  Lake . .  25 

Little  Lake  division . . .  14-16 

Grape  Vine  division. . .  20-21 

Lucania 25 

Marshall-Russell 18-20 

Mission 12-14 

Newhouse 19 

Nisqually 18 

Northwest  (water) 22 

Ophelia 20-24 

Rawley 25-27 

Raymond 14 

Roosevelt 24-26 

Siwatch 12 

Snake  Creek 16 

Spiral 21 

Stilwell 16 

Strawberry 16-18 

UUh  Metals 12-16 

Yak 18 


coal 

Gr.  145 

Gr.  00 

Gr.  00 

Gr.  65 

Gr.  and  gn.  72 

Sh.  and  si.  37 

Gn.  65 

Rhy.  05 

Sed.  110 

Gr.  80 

And.  55 

Gn.  and  gr.  80 

Gr.  60 

Gr.  45 

Dia.  65 

L.  175 

Cong,  and  and.  50 

L.,  sn.  and  sh.  50 

Qu.  80 
L.,  sn.,  sh.  and  gr.   50 


6-8 


8 

3 

2.8-3 

5.0-6 

3 


4 
1 
1 
6 
8 


6. 
5.6-6. 
4.3-4. 

2. 
3.6-1 


9 


3.6- 
3.0- 

2.8- 


Comparative   Drilling   Speeds   As   Reported  at  Twenty-Four  Ttts 

The  rate  of  drilling  as  reported  at  24  tunnels  is  recorded  In  Tab 
abstracted  in  Engineering  and  Contracting,  Aug.  5,  1014,  from  Bu 
Mines.  Bulletin  57,  by  D.  W.  Brunton  and  J.  A.  Davis. 
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Air  Pressures  Used  in  Tunneling. — ^Engineering  and  Contracting,  July  1, 
1914,  gives  the  pressures  of  air  employed  at  different  tunnels  as  compiled  in 
Bureau  of  Mines  Bulletin  57  by  D.  W.  Brunton  and  J.  A.  Davis  as  foUows: 

Tunnel—  Lbs.         Tunnel —  Lbs. 

Carter... 112     Niaqually 90-96 

Central 120     Rawley 100 

Gold  Links 100     Raymond 90 

Gunnison 90     Rondout 100 

Laramie-Poudre 120     Roosevelt 110 

Mauch  Chunk 100     Siwatch 80 

Los  Angeles  Aqueduct 100    Snake  Creek 110 

Lucania 115     Stilwell 100 

Marshall  Russell 1 10    Strawberry 86 

Mission 100     Utah  Metals 110 

Modem 95-100     WalUdll 110 

Newhouse 110     Yak 00 

Average 108 

Cost  of  Repairs  of  Drills  Employed  in  Tunneling. — ^From  data  collected 
by  personal  visits  to  and  special  reports  from  a  large  number  of  tunnels,  D.  W. 
Brunton  and  J.  A.  Davis,  in  Bulletin  57,  Bureau  of  Mines  (reprinted  in  Engi- 
neering and  Contracting,  July  22,  1914)  present  the  following  statement: 

From  September,  1905,  to  March,  1906,  hammer  drills  were  employed  at  tba 
Gunnison  tunnel  with  a  drill-repair  cost  per  machine  of  13  cts.  per  foot  of  hole 
drilled;  but  when  piston  drills  were  substituted  the  repairs  were  reduced  to 
3  cts.  per  foot.  In  addition  to  the  cost  of  materials  these  figures  <nclwi<>  also 
a  charge  for  the  labor  of  the  machinist  making  the  repairs,  which  is  not  em- 

Tablk  XXI. — Cost  of  Rxpaibs  fob  Hauhbb  Aib  Dbillb,  LrmiS  Laki 
Division,  Los  Angblbs  Aqubduct,  July,  1909,  to  Mat,  1911 


Name  of  tunnel 

IB,  south 

2,  north 

2,  south 

2A,  north 

2A,  south 

3,  north 

3,  south 

4,  north 

4,  south 

7,  north 

7,  south 

8,  north 

8,  south 

9,  north , 

9,  south , 

10,  north 

10,  south 

lOA,  north 

lOA,  south 


Cort  of  drill 

Distanoe    ex- 

rendrsper 
foot  of 

cavated,  hn.  ft. 

tunnel 

1,030 

$0,156 

926 

.195 

419 

.154 

460 

.100 

875 

.148 

864 

.181 

2.149 

.285 

448 

.140 

725 

..297 

1,911 

.200 

1.024 

.488 

225 

.661 

1,334 

.896 

777 

.807 

2,479 

.168 

2.626 

.288 

1,776 

.885 

1.373 

.881 

1,766 

.804 

Average tO.SI 

braced  in  any  of  the  values  which  follow.  This  tact  must  be  conaldeied  ii 
making  comparisons.  Two  years  later  (September,  1907,  to  Augiat,  1008). 
in  driving  the  last  3,000  ft.  of  the  Yak  Tunnel,  the  cost  of  materials  only  for 
repairs  to  the  hammer  drills  employed  was  only  1^  cts.,  approKlnMitely,  8* 


oat  ot  hole.  At  the  Maiel 
;mployed.  the  average  coat  ol 
IH  ct9.  per  toot  driUed.  Plsl 
rom  Jsnunty.  1909,  to  Sept 
tM  eta.  per  toot  drilled.  C 
Lque<luct>  where  hammer  di 
epair  ma,teriaia  from  July,  1! 
>Dly  24  els.  per  foot  of  tunnel 
leading  drills  apptoiimately 

For  1910  and  the  Drat  holt 
!!:arter  tumiel  was  2  cts.  per 
!08t  M  et.  per  toot  drilled,  h 
nonth  At  the  time  the  tunnel 

oot  of  hole. 
Adequate   Ventitation  Gre 

The  following  note  ia  given  ii 
Ad  Inlereatuig  eiample  of  1 
nen  engaged  Id  underground 
if  Mines  in  a  paper  presents 
>jimcll.  A  mine,  driving  a 
>aylne  (15  per  toot,  day's 
ilower  fan  was  installed  at  tl 
ng  nearly  to  the  working  fa 
educed  to  SS  per  toot,  day'a 
n  one  month  and  GO  It.  In  i 
Dslalled  and  the  next  month 


CHAPTER  XX 
LARGE  TUNNELS 

References. — ^In  Section  XI  of  the  "Handbook  of  Cost  Data"  by  Ofllette. 
the  first  60  pages  contain  many  valuable  data  on  the  cost  of  raUway  tiiniMlL 
Further  information  on  this  subject  will  also  be  found  in  Gillette's  "  Haadboak 
of  Rock  Excavation." 

Cost  of  Beckwith  Pass  Tunnel  of  Western  Pacific  Ry. — ^The  Beckwitli  PMi 
Tunnel  of  the  Western  Pacific  Ry.  at  the  summit  of  the  Sierra  Nevada  moun- 
tains was  constructed  between  1906  and  1009.  It  is  a  single  track  bore  6,000 
ft.  in  length.  The  roof  of  the  tunnel  is  24.08  ft.  above  the  top  of  the  foot  block; 
the  top  of  the  wall  plate  is  16.54  ft.  above  grade,  and  the  width  between  phnnb 
posts  is  17  ft.  Cost  data  on  the  construction  of  this  tunnel  are  given  by  H. 
Devereux,  consulting  engineer,  San  Francisco,  Cal.,  in  the  Feb.,  1917.  Weston 
Engineering,  from  which  the  matter  in  this  article  is  abstracted  in  HSngfneerlng 
and  Contracting,  Feb.  21,  1917. 

The  quantities  per  linear  foot  of  tunnel  were  as  follows: 

Excavation,  Cu.  Yd. 

Headinc  Bendi 

Neat  section 3. 25  10. 39 

Enlarged  section,  side-lagged 4. 905  13. 861 

Enlarged  section,  lagged 12. 04 

Enlarged  section,  increase  lagged 1. 001 

Packing  between  lagging  and  3-in.  line 0. 267  0. 806 

Timber,  Ft.  B.  M. 

Heading  Ben^ 

SoUd  sets 327. 4  408.0 

2-ft.  centers 285. 0  210.4 

3-ft.  centers 234. 6  141.6 

4-ft.  centers 209. 4  107.1 

For  full  lagging,  add  124  ft.  B.  M.  per  linear  foot  of  bench. 

Ibon,  Lb. 

LaifS 


1-bolt      2-bolt 

SoUdsets 10.786  11.571  12.000 

2-ft.  centers 5.687  6.374  6.760 

3-ft.  centers 3.944  4.355  4.881 

4-ft.  centers 3.056  8.607  8.000 

Large  washers  were  used  after  Nov.  1,  1907. 

The  following  scale  of  wages  was  in  force.  As  a  result  of  the  burinM 
depression,  the  force  and  in  many  cases,  the  wage-rates  were  nduoed  on 
Nov.  25,  1907.  Wages  are  per  day  unless  otherwise  noted.  Men  ]Mld  by  fbe 
month  received  their  board  also. 
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When  the  headings  were  being  driven  an  additional  force  of  21  men  per  shift 
was  required  inside  the  tunnel  or  84  men  in  all.  On  the  outside,  seven  addi- 
tional men  were  required  on  each,  shift  on  the  west  end,  and  three  additional 
men  on  each  shift  on  the  east  end,  or  forty  in  all.  On  the  west  end,  a  trav^ 
ing  platform  called  a  "  jumbo"  was  used  to  load  the  material,  and  on  the  eut 
end,  a  model  No.  20  Marion  shovel  operated  by  air. 

The  rock  at  the  west  end  was  a  decomposed  granite.  At  the  east  end  the 
granite  was  hard,  "blocky"  and  "seamy.**  The  cost  per  cubic  yard  to  the 
contractor  was  as  follows: 

— Heading —     Bench — 

East      West      East      Weit 

Drilling  and  blasting $3.65  $2.93  $2.10  $1.20 

Shoveling  and  loading 1. 95  2. 14  1. 16  1.  fiO 

Powder , 0.80  0.36  0.20  0.12 

Outside  men 0.  63  0. 56  0.  36  0.  M 

Plant 0.49  0.33  0.32  0.19 

FueloU 0.69  0.59  0.43  0.39 

Superintendence 0. 20  0. 17  0. 11  0. 10 

Total $8.41     $7.06     $4.66    $8.70 

Labor  timbering 0. 58      0. 73       0. 26      0.46 

Average,  $5.40  per  cubic  yard. 

Powder  cost,  $0.15  per  lb.  and  fuel  oil,  $1  per  barrel. 

Mount  Royal  Tunnel — Methods  and  Progress. — ^The  following  date  are 
given  in  a  series  of  articles  published  in  Engineering  Record,  Jan.  8,  16,  and 
22,  1916,  by  S.  P.  Brown,  Chief  Eng*r.,  Mount  Royal  Timnel  and  Tennlnal 
Co.,  Ltd. 

Features  of  Mount  Royal  Tunnel. — The  Mount  Royal  tunnel  fonns  the  entrf 
into  Montreal  for  the  Canadian  Northern  Railway,  the  new  tnuucontlnental 
line.  The  tunnel  under  Mount  Royal,  3.1  miles  long  between  station  sitM. 
is  double-track,  roughly  22  X  30  ft.  in  excavation,  sufSdent  siwoe  bdng 
allowed  for  a  central  wall  and  bench  between  the  trades.  In  general  It  wfll 
be  lined  throughout  with  concrete. 

The  character  of  the  ground  encountered  was  very  diverse  and  In  plaeei 
extremely  complex.  The  headings  were  in  soft  ground  in  both  station  litei, 
and  at  the  city  end  the  tunnel  roof  was  in  soft  ground  for  about  yi  ndto. 
Here  a  roof  shield  was  us^d  with  O'Rourke  interlocking  blodcs.  Tlie  rock 
at  the  two  ends  of  the  tunnel  was  Trenton  limestone,  massive  at  the  west  tad 
and  somewhat  stratified  at  the  city  end  for  the  first  1800  ft.  Toward  the 
mountain  proper  the  limestone  became  more  crystalline,  especially  OD.  the 
west  side,  where  it  was  unusually  hard  and  dense.  The  main  body  of  the 
mountain  is  an  igneous  intrusion  of  Essexite,  very  hard  and  tou|^  with  i 
specific  gravity  of  about  3.4.  The  number  of  steels  dulled  per  foot  of  hole 
in  this  rock  often  ran  from  five  to  seven,  although  as  a  usual  thing  it  nquind 
only  about  1000  steels  sharpened  per  day  in  one  heading  averaging  20  ft.  of 
progress.  All  the  main  bodies  of  rock  in  the  mountain  were  cut  by  numenmi 
dikes  and  sheets  of  other  very  hard  igneous  rock,  sudi  as  Bostonite,  Camplaii- 
ite,  Tinguite,  Nepheline  Syenite,  etc.,  nmning  up  to  several  ftet  in 
These  dikes  intersected  the  tunnel  and  each  other  in  every  direction, 
times  averaging  several  score  in  100  ft.  This  necessitated  (bawing  tbs 
of  every  steel  to  color  suitable  for  the  particular  rode  encounterad.  Tnub  ocffl- 
nary  method  of  plunging  the  steel  proved  an  absolute  failure.  Of  manj  slaali 
tried,  the  best  was  F.J.A.B.  (Swedish). 


J 


The  method  oF  eic 
osroUons:  First,  a  b 
driven  ao  subgrade  i 
two  portal  slatloD  sti 
deep,  1  mils  trom  i 
t?eie  atu-ted.  at  SOO 

break-ups p  tbe  beadii 
tracks,  upon  which 
blasted  down  sateij  i 
into  car3  in  the  gang\ 


full  drilling  equipme: 

tbe  manifolds  and  m 

The  ordinar;  metl 

used  on  tbe  columns 
saddle  arma  partlcu] 
percussive,  drills  wei 
economically  desiral 
pistons  and  steel  inti 
hollow  steel  waa  geoi 
Heading  WUhotU  L 
hard  as  to  require  Ti 

Limestone,  before  tlu 
of  810  ft.  was  made 
breaking  performano 
shift.  The  maximui 
days  when  igneous  di 

Seven  muckers  wer 
the  face  and  four  sh 
sheets  and  the  cars 
shoveling  into  the  c 
amounted  to  from  12 
larly  inleresling  whet 
sbitt  were  lost  in  bla: 

To  break  this  rock 
for  an  advance  of  26 


per  hour,  deducting  o 
drilled  per  cubic  yan 
Forolte  powder  were 
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several  tons.  The  common  type  of  European  drill  carriage,  was  not  suitable 
in  the  present  case.  This  was  principally  because  the  Mount  Royal  ht^n^inf^^ 
averaging  from  50  to  100  per  cent  larger  than  the  Alpine  tunnel  headings, 
broke  so  much  ground  that  time  could  not  be  spared  to  muck  out  the  haiihig 
before  setting  up  the  drills.  It  was,  therefore,'  necessary  to  devise  a  drill 
carriage  with  a  long  cantilever  arm  by  which  the  drilling  equipment  could  be 
extended  ahead  over  the  muck  pile  in  the  heading,  without  any  material  delay 
after  the  blasting  was  completed. 

In  order  to  bring  the  carriage  near  enough  the  face  for  an  arm  of  reasonable 
dimensions  to  reach  the  point  where  the  drills  were  to  be  set  up  the  trade  on 
which  the  carriage  ran  was  riveted  to  steel  plates,  whidi  could  act  as  slick 
sheets  and  could  be  mucked  ofif  rapidly.  Thus,  after  the  blasting,  tbe  miicken 
cleared  this  track  to  within  about  25  ft.  of  the  face  by  throwing  tbe  muck  that 
had  fallen  on  it  to  the  sides.    As  soon  as  this  was  done  the  drill  carriage 


Plan 


Rear  Elevation 


Soe  ELEVWtON 


Fig.  1. — Simplest  typo  of  carriage,  a  loug  adjuutable  cantilever  arm  extends 

drillt)  on  horizontal  bar  over  muck  pile. 


run  in,  hard  up  against  the  muck  pile,  the  cantilever  arm  carrying  the  drill 
bar  was  extended  and  the  drill  bar  jacked  into  place.  The  drills  were  thus 
always  in  the  heading  by  the  time  drillers  had  the  roof  and  sides  barred  down 
and  sufficient  muck  thrown  back  from  the  face  to  permit  the  drill  bar  to  be  set. 
While  the  drillers  were  jacking  up  the  bar  the  pipe-fitter  was  connecting  the 
two  large  drill  carriage  hoses  to  the  ends  of  the  water  and  air  pipes  enteriiv 
the  heading.  None  of  the  drills  was  ever  dismounted  from  the  bar  or  dis- 
connected from  its  manifold.  The  drillers  started  work  as  soon  as  the  bar  was 
tight. 

Two  types  of  carriages  were  designed  and  built.  One  (Fig.  1)  was  voy 
simple,  for  use  in  the  small  8  X  12-ft.  heading;  it  was  merely  a  carriage  piropsr 
somewhat  similar  to  the  Carter  carriage  except  that  the  cantilever  beam  mored 
with  the  drill  bar  instead  of  having  the  bar  slide  on  the  beam.  The  ottaer 
(Fig.  2)  had  the  moving  beam,  and  as  it  was  for  use  in  the  large  heading,  10  X 
13  to  14  ft.,  it  also  had  a  muck-handling  attachment  for  transporting  tbs 
excavated  material  from  the  face  to  cars  in  the  rear. 


Although  the  muckers 
only  OQo  cf  ntraJ  track  wv 
clear  out  the  heading  wit! 
carriage  was  inalalled.  ' 
down  the  center  ot  the  he 
better  advuntase  while  th 

DriU  Carriage  Increaiei 
by  the  results  obtained,  In 
drill  carriage  operuted  lor 
Installation  of  the  drill  ca 
ft.  per  month  in  crjstaJli 
blghly  Impregnated  with  ' 
the  Installation  ot  the  drill 
almost  entirely  In  Esseiit 
the  tact  that  20  to  24  hi 
1,000  steels  were  used  a  d 


cubic  yard  with  30-graia 
carriage  was  practically  tt 

It  is  interesting  to  note 
was  almost  Identical  with 
the  lormer  requiring  aligh 

i(iu:k-Handling  Camaa 
first  one  to  be  actually  h\ 
of  Its  parts  operated  mecli 
while  the  drilling  and  mi 
wide  by  75  ft.  between  hei 
All  other  power  was  elect 
rate  machines  or  carriage 
and  operated  the  cantUevi 
coDveyor.  which  slipped  t 
supported  a  few  inches  ab< 

When  the  tracks  were  ( 

happened  to  break.     Alth 
hersome  and  complicated 

in  any  way  connected  witl 

The  principal  odvantag 
the  carrl)«e  remains  in  th 
the  drills  is  so  great  as  toi 
Its  movements  are  mechi 
more  rapid.    Since  the  m 
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rack  being  laid  at  oae  side  ol 
IBclency  anywhere  along  tbe  1 
i  required  by  the  men  than  in 
im  in  at  a  time  by  the  locomo 
lie  sliiCting  of  caia. 

Htadint  Carriage  Cotulunm 
he  rock  reasonably  soft,  ho  tl 
oosiderable,  the  muck-handll 
arrlage.  This  is  eapeclaJly  sf 
lerof  shots  per  day  are  obtaini 

he  rock  Is  hard  and  the  headi 
a  good  progress  and  for  a  reas 

It  Is  the  writer's  opinion,  af 
imilar  conditions,  that  the  sin 
except  where  a  large  volume  o 
nust  be  employed.  This  is  p' 
.Jie  simple  carriage  Is  insignifit 
Bmeft  £ieoro(ion.— Alter  th 
been  completed,  two  benches  i 
the  original  heading  gangway 
yds.  of  solid  excavation  pei  fi 
benches  was  a  particularly  did 
the  gangway  and  the  extreme 
tion  was  the  continuous  traffi 
Btsrtwl  long  before  the  compli 
part  of  the  mountain.  It  was 
work  also  and  the  bench  drill  c 
in  type  and  detail.  Mr,  Brm 
saver  in  the  excavation  equipi 
Bench  Drill  Carriage.— The 
30  ft.  long,  which  was  moved 
greased.    The  wheels  were  doul 


between  them.     The  traveler 
rigger  supporting  a  horizontal 

the  ^r  line  through  a  single  m 
and  (iterating. 

The  extra  width  in  the  tun 
very  much  facilitated  the  dri 
usually  drilled.  The  ouUide 
varying  in  spacing  from  about 
Tock  and  the  accuracy  of  thell 
of  breaker  holes  was  spaced  1 
when  the  rock  was  such  that  it 
Thus  the  sides  of  the  tunnel 
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overbreak  was  unusually  small.  This  was  also  true  of  the  break-up  excavar 
tion,  since  all  the  blasting  there,  being  to  two  faces,  required  only  the  li^^teit 
kind  of  shooting.  While  the  headings  used  6  to  7  lb.  of  60  per  oent  powder 
per  cubic  yard,  the  break-up  and  bench  excavation  averaged  less  than  1  lb. 
to  the  yard. 

As  the  drill  carriages  kept  well  ahead  of  the  blasting,  and  as  all  the  beodi 
muck  was  handled  by  steam  shovel,  only  two  muckers  were  required  in  eadi 
drill-carriage  crew.  These  two  men  cleaned  off  the  top  of  the  bench  and  ex- 
tended the  drill  carriage  track,  with  the  aid  of  the  helpers,  as  the  carriifB 
moved  ahead.  One  electrician  attended  to  all  the  trolley  and  lighting  wiKk 
connected  with  both  drill  carriages,  and  one  mechanic  did  all  the  pipe^tttav 
and  drill  repairs  necessary  for  both  drill  carriage  outfits.  The  platfoim  en 
each  carriage  above  the  muck  track  was  mainly  used  for  repairing  diilla  ind 
the  storage  of  extra  driUs,  spare  parts,  steel  and  supplies  for  daily  use. 

Progress. — The  progress  obtained  with  this  drill  carriage  amounted  to  from 
30  to  90  ft.  of  tunnel  per  day,  depending  principally  upon  the  character  of  tbe 
rock  and  the  configuration  and  condition  of  the  bench.  When  the  ground  ww 
particularly  irregular  and  was  cut  by  dikes  or  when  the  bench  was  found  to 
be  somewhat  shattered  from  previous  blasts  the  drilling  would  be  alow  and 
uncertain,  often  several  holes  being  necessary  to  secure  one  of  the  proper  depth 
and  direction.  Again,  when  the  top  of  the  bench  was  very  irregular  or  eloped 
at  a  steep  angle,  it  was  often  tedious  work  to  start  the  holes.  Compared  with 
the  time  required  for  drilling  with  columns  or  tripods,  ho¥irever,  the  progrMi 
was  more  than  merely  satisfactory. 

It  has  been  found  that  even  under  favorable  conditions  on  outside  rode  tte 
lost  time  in  tripod  drilling  often  amounts  to  50  per  oent  of  the  time  tn*t^if"y 
si>ent  with  the  machines.  This  is  due  not  only  to  the  delay  in  setting  uPt  birt 
to  the  time  lost  in  shifting  the  tripod  to  "  follow  the  hole."  Practically  all  of 
this  lost  time  is  eliminated  in  the  case  of  the  drill  carriage,  where  the  drilb 
supports  are  rigid  and  the  drills  may  be  shifted  accurately  and  ezpeditifoulr 
with  a  minimum  of  labor. 

After  the  drill  carriage  had  got  a  good  start  a  powder  crew  was  sent  infran 
the  west  portal  and  the  benches  blasted  well  ahead  of  the  steam  ahoYel.  Bf 
this  method  the  shovel,  a  model  41  Marion,  never  had  to  back  up  for  shootings 
full  time  being  spent  in  excavation.  Five  to  six  hundred  cars  of  nmck.  wen 
usually  handled  per  day  of  two  10-hr.  shifts.  This  aggregated  1,200  to  1|H0 
cu.  yd.  of  loose  material,  or  about  700  to  1,000  cu.  yd.  solid.  The  linear  pnf 
ress  of  the  shovel  sometimes  exceeded  600  ft.  per  week  where  there  was  nolk' 
ing  but  bench  excavation  removed. 

The  Trimming  Carriage. — The  final  trimming  of  the  tunnel  section, 
tory  to  lining,  is  too  often  a  very  measurable  percentage  of  the  total 
any  tunnel  excavation.  There  are  many  cases  where  the  cost  of  tttminleii 
added  to  the  cost  of  extra  concrete  and  packing  required  to  fill  In  oaTttki 
left  by  falls  and  careless  or  inaccurate  excavation,  has  exceeded  tlM  acMl 
first  cost  of  excavation.  For  some  reason  this  is  an  item  very  often  overiookri 
by  a  contractor,  especially  if  he  is  not  thoroughly  exp«rienoed  in  *'«ti''^  V 
his  bids  for  tunnel  work.  In  the  case  of  the  Mount  Royal  Tunned  howew,  !!■ 
actual  overbreakage  averaged  less  than  5  per  cent  and  the  cost  ot  lrliuuJi< 
including  squaring  up  the  hitch  for  the  concrete  arch  and  removing  the  debift 
ready  for  the  concrete  form  carriages,  added  less  than  5  cents  to  the 
cost  of  tunnel  excavation. 

The  trimming  drill  carriage  is  very  similar  in  construction  to  the 
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,o  save  700  ft,  of  plon 

,he  temporary  erection 
.rock  above  aod  a  pipe 
IS  nearly  level  as  drali 
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length  of  heading  to  be  driven,  avoid  soft  ground  tunneling,  and  permit  an 
earlier  beginning  than  by  waiting  for  the  approach  cut  excavation.  This 
incline  was  very  wet  and  took  2  months  to  drive,  being  finished  in  the  latter 
part  of  July,  1914.  This  pioneer  tunnel  was  driven  for  a  length  of  more  than 
1}4  miles  in  less  than  a  year,  the  maximum  monthly  progress  being  932  ft. 
The  daily  average  of  24  ft.  for  nearly  a  year,  largely  through  very  hard  qiiarti- 
ite  is  also  imusual. 

Pioneer  Headings  in  General. — The  pioneer  tunnel,  in  rock,  was  7  ft.  high 
and  8  ft.  wide.  It  was  driven  with  light  hammer  drills,  using  hollow  sted, 
with  water  attachments.  Three  drills,  in  general,  but  four  in  the  hardest 
rock,  were  used  in  a  heading.  Spare  drill  machines,  for  the  replaoemoit  of 
drills  out  of  order,  were  kept  conveniently  at  hand  in  the  heading.  No  repairs 
were  made  under  ground.  The  hanuner  drills  are  convenient  and  rapid,  the 
delay  and  expense  of  their  constant  breakage  perhaps  balancing  the  advantage 
of  speed  under  ordinary  conditions.  The  drills  are  mounted  on  a  light  hori- 
zontal bar,  about  18  in.  below  the  roof  line.  Air  and  water  are  taJcen  over  the 
muck  pile,  or  on  hooks  in  the  side,  by  a  single  hose  line  for  each,  to  a  w^wiifnid 
from  which  short  individual  hose  lines  supply  the  drills. 

Light  cars  (H  cu.  yd.)  were  used  for  muck,  and  the  latter  was  taken  off  the 
track,  instead  of  building  sidings  for  this  purpose.  Shoveling  plates  were  used 
at  the  face  and  on  the  side  away  from  the  track  for  some  distance  back  of  the 
face,  in  order  to  facilitate  the  handling  of  empty  muck  cars.  The  ventilating 
pipe  was  a  12-in.  wooden  water  pipe  connected  to  the  Gonnersville  bknren 
used  for  the  exhaust.  This  pipe  was  hung  on  the  side  away  from  the  trade, 
close  up  to  the  roof,  and  was  carried  to  within  20  ft.  of  the  face.  Little  damage 
was  done  to  this  pipe  by  blasting.  The  blowers  were  started  exhausting  when 
the  first  shot  was  fired,  or  a  little  before,  and  were  run  for  230  minutes.  The 
men  got  back  to  work  in  from  5  to  10  mhiutes.  No  compressed  air  was  allowed 
to  be  blown  out  for  ventilating  purposes.  After  a  round  was  shot,  the  drlUen 
followed  the  smoke  back,  barring  down  the  roof,  bringing  explosivefl  to 
reshoot,  and  wetting  down  the  muck  piles,  sides,  roof  and  face  with  wata 
hose.  The  muckers  cleared  the  track  and  began  loading  the  muck  which  mi 
scattered  back. 

When  no  further  blasting  was  required,  the  lights  were  hung,  the  foieniaB 
sighted  the  line  and  grade  point  in  the  face,  and  the  drilling  gang  set  up  tlie 
horizontal  bar,  placed  their  drills  and  proceeded.  There  was  xmrely  aoj 
muck  to  be  handled  before  the  drilling  could  be  started,  as  it  was  thrown  back 
from  the  face  by  the  heavy  loading  in  the  bottom  hc^es  and  the  fact  that  tliV 
were  shot  last,  for  this  purpose.  There  were  two  helpers  to  three  drills,  win 
brought  up  and  changed  the  steel  and  adjusted  the  drill  machines.  WbiV 
the  drilling  from  the  upper  set-up  was  completed,  the  drillers  took  down  tte 
machines  and  carried  them  back,  with  the  hose  connections  still  attached,  and 
oiled  them  up.  After  the  mucking  was  done,  the  bar  was  dropped  to  the  lofntf 
set-up,  near  the  fioor,  and  the  drills  were  set  to  drill  the  bottom  holes  orUftenL 
The  drills  were  carried  forward,  put  on  the  bar,  and  were  drilling  taowtimM 
in  less  than  2  minutes  after  the  bar  was  dropped.  While  the  bottom  holes  vcn 
being  drilled,  the  muckers  laid  the  track,  adjusted  and  covered  the  mnf**< 
sheets  with  muck,  ami  brought  up  the  explosives.  The  holes  were  loaded  \a 
the  machine  men,  helpers  and  foremen. 

For  the  small  part  of  the  tunnel  where  re-shooting  was  not  oeoeaMiiy.  n 
8-hour  shift  could  do  two  rounds  per  shift,  or  a  little  better.  Two  men  j/A 
down  the  nuick,  and  three  men  load  the  car  and  push  it.out,  whOe  three  otiad 
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stand  by  with  an  empty  car,  ready  to  put  it  on  the  track  and  load  it.  Hie 
three  men  taking  out  the  loaded  car  return  near  the  face  with  an  empty  car, 
take  it  oflF  the  track,  and  rest  until  the  load  comes  out.  The  men  get  a  rest 
from  the  monotony  of  steady  continuous  shoveling,  and  the  empty  car  is 
available  at  once  after  the  load  goes  back.  The  pipes  for  ventilating,  and  for 
air  and  water  were  laid  by  a  pipe  man  and  helper,  who  looked  after  senrBral 
headings. 

Doing  this  work  with  muckers  was  unsatisfactory.  Much  cars  were  taken 
from  the  heading  back  to  a  siding  by  a  single  mule,  and  from  there  to  the  dump 
by  two  or  three-mule  team  driven  tandem,  until  this  method  became  inade- 
quate, and  then  compressed-air  locomotive  haulage  was  substituted  for  the 
long  haul.  The  heading  muck  cars,  after  the  shovel  and  switdiing  track  hid' 
cleared  a  cross-cut,  were  taken  to  the  cross-cut,  pulled  up  an  inclined  trestle 
by  air  hoist  and  cable,  and  dumped  into  standard-gage  cars.  The  cross-cuts 
are  from  1,500  to  2,000  ft.  apart.  Air  pressure  was  maintained  at  about  90 
lb.  at  the  drills,  which  required  125  lb.  at  the  compressors  toward  the  end 
of  the  work. 

The  rounds  were  usually  6  ft.  The  cut  holes  were  generally  shot  once  or 
twice,  and  the  remainder  of  the  cut  was  shot  with  the  rest  of  the  round.  All 
shooting  in  headings  was  done  with  fuse.  The  explosives  used  were  40  and  60 
per  cent,  low-freezing  gelatine,  with  No.  8  caps.  The  rock  was  hard  to  break, 
and  the  quantity  of  explosives  was  necessarily  high.  From  21  to  28  holes 
were  drilled  in  the  pioneer  face.  Change  of  shifts  was  made  at  the  heading, 
the  shift  coming  on  taking  the  tools  out  of  the  hands  of  the  shift  finishing. 
Three  shifts  a  day  were  worked  every  day  in  the  year,  except  ior  one  day  at  the 
east  end,  due  to  the  burning  of  the  fan  house,  and  one  day  due  to  the  breakiiig 
of  the  air  main  by  a  snowslide.  The  pioneer  gang  drove  the  cross-cuts  be- 
tween the  pioneer  and  the  main  tunnel  heading.  The  pioneer  tunnel  was  not 
driven  for  the  last  mile,  connection  being  made  by  the  main  heading  only, 
which  was  all  drilled  up  for  enlargement  before  the  enlargement  blasting 
reached  this  section.  The  main  heading  work  had  to  be  completed  hAan 
the  enlargement  blasting  and  mucking  reached  the  last  cross-cut,  as  it  would 
have  been  impossible  to  maintain  the  air  connections,  or  ventilate  the  mi^ 
heading,  after  that  time,  so  as  to  allow  continuous  work. 

Main  Heading. — The  main  heading  was  entirely  throu|^  the  rook  sectlao. 
It  was  11  ft.  wide  and  9  ft.  high,  the  center  line  being  the  same  as  that  of  tbs 
completed  tunnel  and  the  bottom  being  6  ft.  above  the  sub-grade.  The  poi(* 
tion  and  size  were  such  that  lateral  holes  could  be  drilled  from  this  heading  to 
break  the  enlargement  to  the  required  dimensions.  The  air,  water  «mH  yttt 
tilating  pipes  for  this  heading  were  branches  from  the  nudns  laid  in  the  plonetf 
heading.  Access  to  this  heading  was  obtained  through  the  cross-cuts  tnin 
the  pioneer,  and  muck  was  handled  around  the  enlargement  operatloiM  b7 
the  pioneer  route.  This  heading  was  generally  driven  in  a  westward  diree* 
tion,  on  account  of  the  drainage.  The  system  of  driving  was  afaniiftT  to  tlut 
in  tlie  pioneer.  The  rounds  averaged  about  7  ft.,  and  32  holes  were  drffisd 
in  ttie  hardest  rock.  The  main  heading  was  sometimes  dxtven  from  sefTCfsl 
faces.  The  average  daily  progress  per  heading  at  the  east  end  wms  dVifly 
more  than  16  ft.,  and  tiie  maximum  monthly  progress  was  621  ft.  The  ETtf- 
age  daily  progress  per  heading  at  the  west  end  was  20  ft. ;  the  nuximnin 
monthly  progress  was  762  ft. 

Headings  in  General. — The  headings  were  sublet  at  a  piioe  iwr  foot  andft 
bonus  for  more  than  450  ft.  per  month,  the  sub-contra6tor  f uinishinf  tba  ItfMf 
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and  by  with  an  empty  car,  ready  to  put  it  on  the  track  and  load  it.    The 

iree  men  taking  out  the  loaded  car  return  near  the  face  with  an  empty  car, 

ake  it  off  the  track,  and  rest  until  the  load  comes  out.    The  men  get  a  rest 

rom  the  monotony  of  steady  continuous  shoveling,  and  the  empty  car  is 

ivailable  at  once  after  the  load  goes  back.    The  pipes  for  ventilating,  and  for 

air  and  water  were  laid  by  a  pipe  man  and  helper,  who  looked  alter  seiveral 

headings. 

Doing  this  work  with  muckers  was  unsatisfactory.  Much  cars  were  taken 
from  the  heading  back  to  a  siding  by  a  single  mule,  and  from  there  to  the  dump 
by  two  or  three-mule  team  driven  tandem,  until  this  method  became  inade- 
quate, and  then  compressed-air  locomotive  haulage  was  substituted  for  the 
long  haul.  The  heading  muck  cars,  after  the  shovel  and  switching  track  had' 
cleared  a  cross-cut,  were  taken  to  the  cross-cut,  pulled  up  an  inclined  trestle 
by  air  hoist  and  cable,  and  dumped  into  standard-gage  cars.  The  cross-cuts 
are  from  1,500  to  2,000  ft.  apart.  Air  pressure  was  maintained  at  about  90 
lb.  at  the  drills,  which  required  125  lb.  at  the  compressors  toward  the  end 
of  the  work. 

The  rounds  were  usually  6  ft.  The  cut  holes  were  generally  shot  once  or 
twice,  and  the  remainder  of  the  cut  was  shot  with  the  rest  of  the  round.  All 
shooting  in  headings  ^'as  done  with  fuse.  The  explosives  used  were  40  and  60 
per  cent,  low-freezing  gelatine,  with  No.  8  caps.  The  rock  was  hard  to  break, 
and  the  quantity  of  explosives  was  necessarily  high.  From  21  to  28  holes 
were  drilled  in  the  pioneer  face.  Change  of  shifts  was  made  at  the  beading, 
the  shift  coming  on  taking  the  tools  out  of  the  hands  of  the  shift  finishing. 
Three  shifts  a  day  were  worked  every  day  in  the  year,  except  for  one  day  at  the 
east  end,  due  to  the  burning  of  the  fan  house,  and  one  day  due  to  the  breaking 
of  the  air  main  by  a  snowslide.  The  pioneer  gang  drove  the  cross-cuts  be- 
tween the  pioneer  and  the  main  tunnel  heading.  The  pioneer  tunnel  was  not 
driven  for  the  last  mile,  connection  being  made  by  the  main  heading  only, 
which  was  all  drilled  up  for  enlargement  before  the  enlargement  blasting 
reached  this  section.  The  main  heading  work  had  to  be  completed  b^ore 
the  enlargement  blasting  and  mucking  reached  the  last  cross-cut,  as  it  wouM 
have  been  impossible  to  maintain  the  air  connections,  or  ventilate  the  mail 
heading,  after  that  time,  so  as  to  allow  continuous  work. 

Main  Heading. — The  main  heading  was  entirely  through  the  rock  section 
It  was  11  ft.  wide  and  0  ft.  high,  tlie  center  line  being  the  same  as  that  of  ti 
completed  tunnel  and  the  bottom  being  6  ft.  above  the  sub-grade.     The  po 
tion  and  size  were  such  that  lateral  holes  could  be  drilled  from  this  heading 
break  thci  enlargement  to  the  required  dimensions.    The  air,  water  and  v 
tiluting  pipes  for  tliis  heading  were  branches  from  the  mains  laid  in  the  pioc 
heading.    Access  to  this  heading  was  obtained  through  the  cross-cuts  t 
the  pioneer,  and  muck  was  handled  around  the  enlargement  operationr 
the  pioneer  route.     This  heading  was  generally  driven  in  a  westward  d 
tion,  on  account  of  the  drainage.     The  system  of  driving  was  altniiftr  to 
in  the  pioneer.     The  rounds  averaged  about  7  ft.,  and  32  hotes  were  d 
in  the  hardest  rock.    The  main  heading  was  sometimes  driven  from  ai 
faceH.     The  average  daily  progress  per  heading  at  the  east  end  was  d 
more  than  IG  ft.,  and  the  inuxiinuin  monthly  progress  was  621  ft.     The 
age  daily  progress  i)er  heading  at  the  west  end  was  20  ft.;  the  ma; 
monthly  progress  was  762  ft. 

Headings  in  General. — The  headings  were  sublet  at  a  price  pvt  foof 
bonus  for  more  than  450  ft.  i)er  month,  the  sub-contra6tor  furnishing  tl 
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gular  wages  earned  for  the  month.    It  was  agreed  that  the  rate 
vould  not  be  seduced.    The  latter  arrangement  resulted  in  23  per  on 
speed,  and  a  large  saving  in  compressed  air  and  other  items  fumiahi 
sub-contractor  under  the  former  arrangement. 

argement  Drilling. — Each  hole  was  pointed  by  clinometer,  the  colun 

ing  the  drill  being  set  always  at  the  same  distance  off  the  center  line,  ai 

.rm  for  the  lower  and  upper  sets  being  always  the  same  distance  abon 

jub-grade.    Line  and  levels  were  furnished  by  the  Railway  Company 

neers,  and  a  string  was  stretched  by  which  the  columns  and  arms  we 

ited.    Each  drill  hole  has  its  proper  distance  from  the  arm.    The  dr 

es  were  thus  bottomed  at  a  regular  distance  beyond  the  neat  line  of  tl 

mpleted  excavation.    The  holes,  being  bottomed  with  reference  to  ti 

le  and  grades  given  by  the  engineers,  were  not  affected  by  irregularities  1 

le  heading  driving.    The  columns  were  set  by  men  for  that  purpose,  so  tlu 

ne  drillers  and  helpers  had  only  to  do  the  drilling.    The  drill  steel  was  brou^ 

,o  the  drillers,  and  the  dull  steel  was  taken  away.    The  drillers  and  helpe 

were  paid  their  wages  in  any  event,  but  the  footage  for  each  man  was  kept,  u 

if  the  price  .set  per  foot  drilled  amounted  to  more  than  his  wages,  he  was  give 

the  difference  as  a  bonus  check.    Air  and  water  connections  were  made  f< 

every  third  ring  of  holes,  and  only  one  drill  machine,  though  handled  t 

each  runner  of  the  three  daily  shifts,  completed  the  three  rings,  and  tbc 

moved  to  the  head  of  the  line,  taking  the  next  three  rings.    Congestion  of  wn 

and  material  was  thus  avoided,  and  each  man  had  a  fair  chance  to  work  cm  i 

equal  quantity  of  hard  and  soft  rock. 

There  was  extreme  variation  in  the  quantity  drilled  by  different  men  i 
different  rock.    The  same  man  might  do  only  6  ft.  a  shift  in  the  hardest  quai 
zite,  and  more  than  100  ft.  per  shift  in  the  softer  schist.    New  men,  afta 
month's  practice,  generally  made  more  footage  than  men  of  long  ezperief 
in  mining.    In  general,  it  w^as  found  better  to  train  green  men  than  to  try 
get  men  accustomed  to  piston  drills  to  learn  to  run  hammer  drills. 

Most  of  the  rings  were  6  to  6H  ft.  apart.    When  explosives  rose  in  j 
it  was  found  economical  to  space  the  rings  5  ft.  apart,  as  the  extra  dr' 
cost  was  balanced  by  the  saving  in  explosives,  with  the  added  advantagr 
the  muck  was  broken  into  smaller  i)ieces  and  scattered  farther  back.    'V 
the  roof  was  soft  and  full  of  slips,  so  that  trouble  was  anticipated,  the 
set  of  arms  on  the  column  was  lowered  1  ft.,  in  order  to  leave  some  trimi 
the  roof  to  l>e  done  by  jack-hammer,  flat  holes  and  light  blasting.     ' 
and  water  for  the  enlargement  drilling,  as  well  as  the  supplies,  came 
pioneer  tunnel  and  the  cross-cuts,  so  that  this  drilling  was  not  distv 
the  enlargement  blasting.    The  drilling  for  the  last  mile,  where  nc 
tunnel  was  driven,  was  started  at  the  middle  and  prc^^ressed  toward  t^ 
the  track,  pipe,  etc.,  being  removed  as  the  drilling  was  finished. 

The  stopping  of  the  pioneer  tunnel  was  well-timed,  as  the  main  he 
driven  and  the  enlargement  drilling  completed  just  in  time  to  avof 
the  enlargement  bla.sting  and  mucking  at  the  east  end. 

Enlargement  Blasting. — There  was  considerable  difficulty  in  b' 
bottom  to  sub-grade  when  the  rock  excavation  was  first  started 
overcome  by  dropping  the  floor  of  the  main  heading  1  ft.  and  drill 
in  the  bottom  1  ft.  deeper.     Difficulty  was  found  also  in  gettf 
below  the  springing  line  to  break  for  the  full  width.    This  was 
drilling  one  or  two  relief  holes  at  this  locality  in  tough  break 
tough  rock,  two,  four,  six  and  sometimes  eight  holes  were  spr 


It,  or  shake  It  up  BO  as  to  i 
Generaily  from  10  to  15 
wbich  tiad  not  biokeo,  an 
next  ring.  Generally  a  lit 
order  to  prevent  the  first  r 
dhot  materlo.!  had  not  brok 
luaded.  and  Jack-hanuners 
wa9  shot  before  tbe  regular 
blasted,  theo  a  top  and  bot 
up  to  within  4  or  5  It,  of  t 
men  scaled  and  Iritnmed  1 
holes  had  to  be  reloaded,  i 
mbiutes.  The  blaattng  w> 
bottom  holes  were  all  load 
the  holes,  from  which  tbej 
upper  holes  were  loaded. 
The  holes  were  loaded  i 
otberwlBe. 

When  retiring  In  the  tnai 
ejcaling  tools,  so  that  they 
necessary  as  they  returned 
shovel  crew  commenced  to 
retired  a  tew  minutes  for  tl 
ally  held  and  shot  at  mea 
muck  to  provide  room  for  r 
the  pile. 

The  smoke  and  gas  froir 
air  forced  into  the  pioneer 
circulated  through  the  plon 
and  then  back  through  the 
portal  of  the  main  tunnel, 
cuiting  by  stopiogs  and  di 
quantity  possible  to  shoot  d 
or  the  quantity  of  muck  foi 
scaling  and  trimming  of  the 
lost  in  taking  up  the  track 
muck  directly  after  a  blasl 
which  made  It  desirable  to 
Enlarecmcnt  of  Muckiig, 
with  cylinders  enlarged  so  a 
boom  sheaves  set  back  so  ; 
The  shovehi  loaded  the  mur 
cars  were  shifted  to  the  sh< 
were  taken  from  a  spur  nea 
sir  locomotive ;  they  were  t 
dump.  During  th?  post  yi 
miles  of  tunnel,  or  more  tl 
about  one-quarter  of  tbe  t 
940  fl.  at  tbe  east  end.  and  1 
third  and  fourth  cr 
material  In  the  ro< 


1384  HANDBOOK  OF  CONSTRUCTION  COST 

devoted  to  scaling  this  section  until  it  was  concreted.  About  2,600  cu.  yd. 
fell  or  was  scaled  in  this  section,  on  account  of  the  disintegration  of  the  mate- 
rial on  exposure  to  the  air.  The  scaling  car  throughout  the  work  was  handled 
by  the  air  locomotive,  and  the  scaling  was  done  by  the  shovel  crew  or  otbers 
during  the  time  the  shovel  was  stopped  for  enlargement  blasting.  Any  rode 
not  broken  to  the  required  dimensions  was  drilled  off  the  muck  pile,  or  from  the 
floor,  as  the  shovel  cleaned  up  as  far  as  possible,  or  from  a  car  left  at  the  ihovel 
crew's  meal  time,  and  shot  before  the  next  rings  were  blasted.  The  enlarge- 
ment drill  holes  were  the  general  guide  as  to  the  trimming  required,  such  points 
as  were  missed  being  marked  by  the  Railway  Company's  engineer.  There 
was  very  little  over-breakage. 

Concreting. — About  IH  miles  of  the  tunnel,  including  the  soft  ground  at 
each  end,  required  concreting.  This  work  was  sublet.  The  sub-contractors 
used  wooden  forms,  and  deposited  the  concrete  from  a  platform  near  the  roof 
reached  by  an  inclined  trestle.  The  concrete  mixer  was  on  the  car,  and  the 
materials  were  on  other  cars  back  of  it.  The  concrete  from  the  mixer  flowed 
into  a  small  car  which  was  hauled  by  cable  up  the  trestle  incline  to  the  high 
platform,  from  which  it  was  shoveled  into  the  forms.  Much  of  the  lining 
required  back  as  well  as  front  forms,  and  the  space  behind  the  back  forms  was 
filled  with  rock  or  wood.  This  back  form  and  back-filling  work  was  slow  and 
expensive,  especially  where  there  were  only  a  few  inches  between  the  back 
forms  and  the  rock. 

Mr.  Dennis  in  Engineering  and  Contracting,  April  18,  1017,  states  that  the 
cost  of  the  total  improvements  which  includes  considerable  line  outside  of  the 
tunnel  was  approximately  $6,500,000. 

The  tunnel  proper  for  excavation,  concreting  and  so  forth,  including  coii- 
tractor's  profit,  was  below  $150  per  foot,  which,  being  a  double-track  tunnel, 
compares  very  favorably  with  $180  per  foot  for  the  Great  Northern  single- 
track  tunnel. 

The  general  wages  paid  were  40  cts.  per  hour  to  drill  runners  and  36  ct.  p^ 
hour  to  others.  The  bonus  probably  averaged  25  per  cent  in  addition  to  these 
rates. 

Summing  up  the  reasons  for  the  rapid  progress  and  low  cost  of  the  Rogers 
Pass  tunnel,  they  seem  to  be: 

First,  the  method  of  tunneling,  involving  the  driving  of  a  pioneer  tunnel 
off  the  line  of  the  main  tunnel. 

Second,  the  excellent  administration  of  the  work. 

Third,  the  payment  of  liberal  bonuses  to  the  workmen,  which  bonuses  were 
adhered  to. 

Fourth,  the  use  of  hammer  drills. 

In  the  Aug.  (1917)  Proceedings  of  the  A.  S.  C.  E.,  as  showing  the  probable 
economics  of  using  the  pioneer  tunnel  method,  J.  G.  Sullivan,  chief  Engineer  at 
the  railway,  quotes  the  following  from  his  report  of  March  13,  1913,  to 
officials  of  the  Canadian  Pacific  Ry. : 

This  method,  of  course,  is  only  applicable  where  the  rock  will  stand  without 
artificial  support,  at  least  during  the  time  of  construction.  Where  the  mate- 
rial must  be  artificially  supported,  then  the  top  heading  is  the  surest,  and  I 
think,  the  best  way.  The  progress  of  the  work  by  this  method,  as  I  said 
before,  depends  only  on  the  speed  that  the  pioneer  tunnel  can  be  driven.  If 
rock  is  self-supporting,  I  see  no  reason  why  from  20  to  25  ft.  per 'day  could  not 
be  made.  Placing  the  cost  of  driving  the  small  tunnel  at  $30  per  foot,  that 
is  the  only  part  of  the  work  that  would  be  rushed  under  high  pressure,  and  the 
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erecting  the  plant  (including  freight),  the  proportionate  cost  of  building  about 
5  miles  of  temporary  railway  tracks,  and  other  overhead  charges,  plus  10  per 
cent  on  all  expenditures,  will  amount  to  a  little  less  than  $5  per  cu.  yd.  for 
excavation  in  the  tunnel  proper. 

In  his  discussion,  Mr.  DennLs,  who  was  in  charge  of  the  work  for  the  con- 
tractor, stated  that  the  idea  of  the  pioneer  heading  originated  in  the  desire 
to  get  away  from  the  congestion,  smoke,  general  confusion,  and  interference 
of  one  operation  with  another,  observed  in  tunnel  driving,  and  to  provide 
muck  in  large  quantities  for  handling  by  shovel.  His  work  in  coal  mines,  with 
air  course  run  with  the  main  entry,  suggested  the  pioneer  as  a  means  to  the 
desired  end. 

Cost  of  the  St.  Paul  Pass  TunneL — The  following  data  are  taken  from  an 
article  by  K.  C.  Weedin,  in  Engineering  and  Contracting,  April  5,  1911. 

The  St.  Paul  Pass  tunnel  is  on  the  line  of  the  Chicago,  Milwaukee  A  Puget 
Sound  Ry.  where  the  latter  crosses  the  Bitter  Root  range  of  mountains  on  the 
Montana-Idaho  state  line.  It  is  8,750  ft.  long ;  3,412  ft.  being  in  Montana  and 
5,338  ft.  in  Idaho.  The  summit  grade  in  tunnel  is  elevation  4,169  ft.  at  a 
distance  of  3,520  ft.  west  of  the  east  portal  and  this  point  is  1,020.7  ft.  beloir 
the  surface.  The  gradient  is  0.2  per  cent  in  both  directions  from  the  sunonit. 
The  location  lies  in  a  zone  of  extremely  great  snow  fall,  possibly  the  greatest  in 
the  United  States;  the  actual  fall  during  the  winter  of  1907-08  being  88  ft. 
4  ins.    Fortunately  there  is  little  wind. 

Construction  was  begun  Jan.  18,  1907,  and  was  completed  March  4,  1900. 
The  writer  assumed  charge  for  the  company  on  Dec.  6,  1907,  or  about  one 
year  after  the  work  was  started. 

The  C,  M.  &  P.  S.  Ry.  practically  parallels  and  lies  near  the  Northeni 
Pacific  from  Missoula  to  Taft,  Mont. ;  there  they  diverge. 

Taf  t  being  the  nearest  point  to  the  tunnel  on  an  operated  railroad,  2.5  milsi 
distant,  it  was  decided  to  locate  the  power  house  there,  generate  the  etoctridty 
and  transmit  it  to  substations,  one  at  each  end  of  the  tunnel. 

A  wagon  road  was  constructed  from  Taft  across  the  range  at  great  eacpense, 
over  which  all  supplies,  machinery,  timber,  etc.,  were  transported  both  for  tbs 
west  end  of  the  tunnel  and  for  the  grading  and  bridge  work  on  tbe  west  slope. 

This  road  required  a  great  deal  of  attention.  The  average  traflOc  over  tt 
was  about  100  four-horse  tecmis  per  day  and  the  maximum  about  160  four- 
horse  teams.  About  60  men  were  required  in  sinnmer  to  keep  tbe  road  open, 
and  about  twice  that  number  were  required  in  winter  and  spring.  These  moi 
were  stationed  in  three  camps  along  the  road,  one  at  each  portal  and  one  at  ths 
summit.  The  road  was  about  4>2  miles  long  and  the  summit  was  about  1,000 
ft.  above  the  portals.  Fresh  snow  was  attacked  with  a  steel  logging  plow 
pulled  by  24  horses,  then  a  30-horse  wooden  wedge  plow  was  used  and  the 
work  was  finally  finished  with  shovels.  In  spite  of  this  work  the  road  bed 
was  steadily  elevated  during  the  winter  until  it  was  well  up  to  the  roote  of  the 
camp  houses. 

During  the  winter  of  1907-08  a  cableway  one  mile  long  was  buiU  from  the 
east  portal  to  the  summit.  This  cableway  was  driven  by  a  804ip.  motor. 
Supplies,  fuel,  timber,  etc.,  were  teamed  from  Taft  to  the  lower  terminal  near 
east  portal,  carried  on  the  cableway  to  the  summit,  there  transferred  to  wagons 
and  hauled  down  the  west  slope.  This  method  obviated  the  long,  heavy  team 
haul  up  the  moimtain  and  greatly  lessened  the  time. 

The  main  power  station  equipment  consisted  of  the  following  items: 
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ing  hammer  and  two  forges.  The  Marion  shovelB  were  construe] 
cially  for  this  character  of  work,  the  booms  being  short  to  permit  swing 
veen  the  lining  timbers  and  were  equipped  with  1^  cu.  yd.  dippers.    D 

.  were  upset,  reshaped  and  sharpened  on  a  Numa,  air  driven,  drill  sharp 
macliine  that  proved  to  be  a  great  factor  in  making  rapid  progress. 

The  ventilation  of  the  tunnel  was  accomplished  by  the  use  of  an  Eze 

1  operated  as  an  exhauster,  exhausting  through  a  24-in.  galvanized  ii 

pe  made  up  in  30-ft.  lengths  with  flanged  joints  and  paper  gaskets.    1 

id  of  this  pipe  was  maintained  at  a  distance  behind  the  bencdi  sufficient 

revent  the  pipe  from  being  dented  and  perforated  by  shooting.    A  No 

.loot  blower  was  also  operated  to  pump  fresh  air  into  the  tunnel  throui^ 

^in.  galvanized  iron  pipe.    The  latter  pipe  was  carried  dose  to  the  bead 

face. 

The  tunnel  was  driven  by  the  top  heading  method.  The  material  in  gene 
was  a  laminated  quartzite  with  talc  between  the  strata,  but  the  diarac 
changed  often,  which  necessitated  changes  in  the  method  of  conducting  i 
work. 

The  heading  was,  when  the  material  permitted,  driven  with  a  full  face  1 
lowing  it  as  closely  as  practicable,  usually  from  50  ft.  to  60  ft.  with  the  timi 
lining,  but  often  it  became  necessary  to  drive  small  side  drifts  for  the  i 
piates  and  carry  the  arch  timbers  within  2  ft.  of  the  face.  Usually  6  di 
were  operated  abreast,  dri\ing  the  full  heading  face,  two  on  one  column  ab 
3  ft.  each  side  of  the  center  line  and  one  on  a  column  in  each  comer.  Til 
were  followed  by  a  "  trimmer  "  taking  off  all  points  to  obtain  the  correct  sectl 
This  work  was  followed  by  a  special  timber  crew  erecting  the  timber  lining 

The  packing  back  of  lagging  on  side  walls  from  the  sills  to  the  height  a  r 
could  shovel  is  the  natural  material  excavated  from  the  bench;  from  this 
vation  to  the  wall  plates  and  over  the  arch  the  packing  is  cord  wood  dr 
tight  and  wedged.    Wood  packing  was  not  particularly  objectionable 
as  the  tunnel  was  very  wet.    The  heading  material  was  shoveled  into  1  a 
end  dump  cars,  pushed  by  hand  to  a  chute  back  of  the  bench  and  dumpe 
a  car  on  a  side  track  on  the  bench  level.    The  heading  track  was  supf 
over  the  bench  by  timbers  spanning  the  tunnel  and  resting  on  the  wbQ 

The  bench  was  driven  by  4,  and  at  times,  5  drills  working  on  the  floo 
occasionally  it  was  necessary  to  drill  "down"  holes  and  also  at  somi 
where  the  material  was  particularly  hard  it  was  necessary  to  take  oi 
bench.    In  fact,  many  different  tunneling  methods  were  resorted  tc 
cumstance^  dictated .    The  timber  lining  on  the  bench  was  done  by  tb 
bench  crew. 

The  air  shovels  loaded  all  bench  material  into  IH  cu.  yd.  Peteler  c 
were  8 potted  by  horses,  but  hauled  out  of  and  into  the  tunnel  by  t 
electric  locomotives  at  each  end — ^from  8  to  11  cars  to  the  train. 

The  heading  muck  cars  were  run  out  on  a  platform  over  the  bene' 
a  distance  of  150  ft.  to  a  muck  chute  leading  to  the  tunnel  trains 
below.    This  platform  was  built  ahead  as  the  bench  progressed  and 
were  added  as  required.    In  front  of  the  bench  were  two  narrow  ga 
the  sides  of  the  tunnel  with  a  crossover  beyond  the  chute  for  the  be 

The  electric  locomotive  hauled  the  cars  to  the  crossover  and  t 
hauled  by  a  horse  from  here  to  be  loaded  and  returned  to  the  ou 
At  the  east  portal  the  dump  began  just  outside  the  approach. 
fill  had  to  be  made  for  the  main  line.    At  the  west  portal  there 
about  2,500  ft.  to  a  70-ft.  fill  about  600  ft.  long.    Snow  gave  1 
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The  progress  record  is  shown  in  Table  I.  The  monthly  airera^  for  the 
twelve-month  1908,  was  544.6  ft. ;  for  1907.  80.3  ft.  The  highest  records  of 
daily  progress  were  Nov.  17,  18  and  19,  1908,  and  were,  respectively,  23.5  ft., 
32.5  ft.,  and  28.5  ft. 

Table  I. — Prookess  Report  ok  St.  Paul  Pass  Tunnjbl 


Total  Time  to 

length,  complete, 

ft.  mo8. 
East  end: 

Heading 4,549  26 

Bench, 4,389  19 

Tunnel 4.770  27 

West  end: 

Heading 4,201  19 

Bench 4,361  17 

Tunnel 4,281  20 

Total  tunnel 8,750  27 


Average 

progress, 

ft. 


-Best  reoord- 


Month 


Pr 


'UglOflS, 


175  Dec,  1908  357 

231  Feb.,  1909  350 

177  Jan.,  1909  337 

221  Jan..  1909  385 

256  Nov..  1908  &27 

214  Jan..  1909  416.5 

324  Jan..  1909  753.5 


Two  shifts  of  10  hours  each  were  worked  until  about  six  months  prior  to  the 
date  of  completion,  when  the  time  was  changed  to  11  hours  per  shift,  ffliifts 
changed  from  day  to  night  and  vice  versa  every  two.weeks.  The  wage  rates 
were  as  follows: 

For   10  hn. 


Shift  bosses 

Machine  runners. 
Machine  helpers. 
Inside  laborers . .  . 
Outside  laborers . 
Carpenters 


$4.75 
3.75 
3.25 
2.75 
2.25 
4.00 


No  complete  records  are  available  of  the  cost  of  the  work  but  the  following 
figures  are  averages  taken  on  the  work  when  it  was  proceeding  at  the  usual 
rate.     They  do  not  include  interest  and  general  office  expenses. 

Driving 

Labor 

Power  house  labor 

Engineering  and  superintendence 

Coal,  25  tons  per  24  hrs.  at  $2.50 

Freight  on  coal 

Plant,  50  %  of  cost  chgd,  against  the  work 

Power  house  repairs 

Dynamite  heading,  27  lbs.  60  %  at  16>  ids 

Dynamite  bench,  23  lbs.,  40  %  at  12  cts 

Caps  and  fuse 

Rubber  clothes 

Drill  repairs,  small  tools,  etc 

Water  system 

Camps 


Per 
tin.  ft 
$  84.50 
7.00 
8.00 
4.16 
8.  SO 

15.00 
8.75 
4.45 
2.70 
8.10 
4.81 

13.65 

.35 

1.10 


Total $154.$i 


Per  M. 
Timbering  ft.  B.  M. 

Timber  delivered  at  Taft $18. 50 

Timber  teaming  from  Taft,  2>2  uiilcs 4.00 

Timber  framing 4.  50 

Cord  wood:  cutting  $2,  teaming  $2 4. 00 

Iron : 

Erecting  on  bencli 

Erecting  in  heading 


Total 

Grand  total  cost  of  tinil^or  lined  funnel . 


P« 
Hn-ft 
$    9.S5 

a.oo 

2.S5 

.40 

.40 

2.00 

2.85 

S  18.15 
$17$.  tf 


LARGE  TUNNELS 
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ind  Sections  of  Pennsylvania  R.  R.  North  River  Tunnels  at  New 

following  data  are  given  in  an  abstract  in  Engineering  and  Con- 
ly  11,  1910,  of  a  paper  by  B.  H.  M.  Hewett  and  W.  L.  Brown, 
:).  E.,  Vol.  XXXVI. 

»^ing  summary  of  the  cost  of  excavating  the  land  tunnels  is  based 
sords  carefully  kept  throughout  the  work.  Types  of  tunnel  sec- 
twn  in  Fig.  12. 

CXCAVATION    OF   LaND    TuNNELS,    IN    DOLLARS    PER    CuBIC    YaBD 

Total  yardage 


excavated , 


insport .  .  .  . 
id  blasting 


bor, 


Manhattan 

Weehawken 

and  av.  c 

43,289 

8,311 

61,60< 

$  0.49 
2.37 
2.49 
0.87 

$0.87 
1.55 
2.08 
0.18 

$0.55 
2.24 
2.42 
0.76 

$  6.22 

$4.68 

$5.97 

$  0.15 
0.21 
0.39 

$0.15 
0.21 
0.20 

$0.15 
0.21 
0.36 

aterial 


',  repairs  and  mainte- 

dministration 

Id  charges 


d  ministration. 

ation 

lilding  repairs 


$  0.75 

$  0.76 

0.15 
1.05 

$  8.96  - 

$  0.34 
0.66 
0.27 


erage  cost  per  cubic  yard     $10.  23 


$0.56 

$0.65 

0.08 
1.18 

$7.15 

$0.38 
1.01 


$8.54 


$0.72 

$0.74 

0.14 
1.07 

$8.64 

$0.34 
0.72 
0.23 

$9.93 


lay's  working  force  for  drilling,  blasting,  mucking  and  timbering 


nt 


:ineer 


er. 


lelpers 


elper 


Total 

Rate 

Drilling  and  Mucking: 

Timber 

No. 

per  day 

blasting: 

No. 

No. 

No 

$7.70 

H 

M 

M 

5.80 

H 

V 

H 

4^ 

3.50 

H 

H 

% 

3.50 

•    •    •    • 

1 

•    •   • 

2.00 

1 

•    •    • 

3 

4.00 

1 

1 

1 

5 

3.00 

5 

.... 

•    •    • 

5 

2.00 

5 

■   •   •  • 

■   •    « 

14 

2.00 

■    •    •    ■ 

14 

•   •   • 

3 

3.00 

.... 

•    •    •    • 

3 

4 

2.00 

.... 

4 

1 

4.00 

1 

•    •    •    • 

•   •    • 

3.50 

2 

.... 

•    •    • 

2 

2.00 

2 

.... 

■    •    • 

2 

2.00 

2 

.... 

•    •    • 

1 

2.00 

1 

.  .  .  .• 

•    •    • 

47 

20M 

17^ 

9K 

re  was  any  large  amount  of  soft  ground  in  the  roof,  the  timber 
luch  larger  than  shown  above  and  was  helped  by  the  mucking 
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gang.     The  drillers  did  most  of  the  mucking  out  of  their  heading  before  setting 
up  the  drills. 
The  following  is  an  analysis  of  the  cost  of  drilling. 

AxALTZBD  Cost  of  Dbillinq 

Cost  per  ft.  of  hole  drilled — 

15  ft.  19  ft.  24  ft. 

Item  of  cost  4  in.  6  in.  6  in.  Ayenge 

Drilling  labor $0.25  JO.  28  $0.31  $0.28 

Sharpening 0.02  0.02  0.01  0.016 

Drill  steel  (5  in.  per  drill  shift) ...  0. 007  0. 007  0.  006  0. 007 

DriU  repairs 0.02  0.02  0.02  0.02 

High  pressure  air •O.  05  0. 04  0. 07  0. 07 

Totals $0.35  $0.38  $0.41  $0,885 

*  This  is  an  estimated  figure,  ascertained  by  taking  a  proportion  of  the  iriiole 
charge  for  plant  running. 

Based  on  the  records  of  5  months,  in  which  12,900  cu.  yds!  were  ezcaTated. 
the  following  data  were  derived. 

Feet  of  hole  drilled  per  Lbs.  of  powder  used  per 

cubic  yard  of  excavation  cubic  yard  of  excavation 
15'  4"       19'  6"      24'  6" 
span —    span —    span — 

twin         twin         twin  15  ft.        19  ft.        24  ft. 

Portion  of  excavation     tunnel      tunnel      tunnel  4  in.         6  in.         6  in. 

Wall-plate  heading* 13.0  10.97  10.97  3.77  2.85  2.85 

Total  heading* 7.87  8.17  7.81  2.31  2.02  1.78 

Bench  and  raker  bench*.  5.97  6.15  7.56  0.94  0.93  1.13 

Trench* 9.82  15.96  18.10  1.84  2.48  2.78 

Average  for  section*..        6.69         7.43         8.95       1.28         1.80         1.45 

— — ^^—       •^^-^^—       ^■^^^—      ^——^^      ^.•^■^^_      ^^^^^^ 

Actual  amount t 6.82         7.27         8.95       1.22         1.24         1.27 

*  Figures  taken  from  typical  cross-sections. 

t  This  gives  the  actual  amount  of  drilling  done  and  powder  used  per  oubie  jard 
for  the  whole  period  of  5  months  of  observation,  but  as  this  length  included  280 
ft.  of  heading  and  only  220  ft.  of  bench,  the  average  figures  (for  powder  eflpeeially) 
are  too  low. 

Comparative  Cost  of  Tunnelling  in  Soft  Earth  Using  Poling  Board  MeOod 
and  Hydraulic  Roof  Shields. — The  following  data  are  given  in  EngineHElm 
Record,  Feb.  27,  1915. 

A  pair  of  hydraulic  roof  shields,  designed  and  built  for  the  Job,  was  med  to 
complete  the  Point  Defiance  timnel  of  the  Northern  Pacific  Railway,  niBtr 
Tacoma,  Wash.  When  this  work  was  commenced,  a  high  rate  of  prograi 
was  expected  with  ordinary  timbering  methods,  owing  to  the  apparently  flnn 
and  well  drained  condition  of  the  earth  to  be  encoimtered,  and  to  the  knowa 
absence  of  rock.  However,  when  the  bore  had  been  driven  through  the  outer 
crust,  which  was  comparatively  dry,  a  wet,  sandy  formation  was  en€ounterad« 
which  called  for  heavy  timbering  and  made  progress  by  the  poUng'^XMid 
method  very  difficult.  The  west  heading  was  advanced  at  an  average  of  only 
126  ft.  per  month  for  four  months,  and  at  the  end  of  this  time  the  ctAtradon 
faced  the  necessity  of  finding  some  new  method  of  hanriling  the  woric,  or 
losing  heavily  on  the  contract. 

A  New  Shield  Developed. — The  material  encountered  was  very  heavy  and 
had  a  tendency  to  "  flow  "  around  the  breast  boards  into  the  beading.    It 


aigned  to  be  thrust  (orwar 
timbera  and  laggiog  placei 
Viaa  cariied  oQ  tbe  wall  p: 

A  segmental.  I-bpBjn  rib 
log  part  of  it,  i}4  It.  beh 
wbich  the  jacks  could  tb 
these  being  set  between  1 
The  width  of  the  shield  be 
in.,  and  the  overall  leogtb 
the  frame  had  a  4  x  e-in, 
steel  tie-rod  with  turubuc 
plates  H  in.  tbick  for  the 
heads  on  the  outside  of  tl 
eiated  of  1-in.  plates,  boll 
forward  edges  were  bent 
on  which  the  weight  of  tl 
castings  arranged  to  slide 

Equipmenl. — A  bench, ; 
la  the  middle  of  the  headi 
safeguard  against  overbn 
and  driven  by  an  electric  i 
a  conveyor  belt  which  del 
Marion  40-ton  steam  sho' 
ran  with  compressed  air, 
excavated  the  bench.     T 


the  car  was 

A  bridge  wu 
hus  keiit  bat 

rails  placed 

n  either  sid 

—The  norm 

10  to  13  ton, 

.  although 

tons.     Then 

reach  adva 

rate  of  adva 

ice  through 

be  about  as 

rods  gradual 

ed  m  Inches 

top  and  one 

at  each  of 

operation  of  the  jacks  sto 

and  assistan 

3  at  each  of 
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by  mBlntiilDing   dIffereDt    rates  at 
progress  on  tbe  two  sides. 

In  soft  gTouod  the  woikmen  ei- 

<»yatln£  at  the  cutting  edge  stood 

^    on  the  tumbuckle  thruat-rod  n-hlch 

£  afforded  a  Kood  footlne  wtdle  Okj 
^    leaned  agHinat  the  face  of  the  besd- 

g     Ing.     Four  shovel  men  cut  away  toe 

g     material  a  few  inches  ahead  of  the 

•  cutting  edge,  oT  took  It  out  through 
■§     holes   in    the   I-beam   ring  when  it 

'     jiarlfed  up  ahead  ot  this  proiection. 

I     About    eight  nluckers  were   iwiiaUj 

S    required  to  shovel  into  the  conTeyor 

g     and  keep  the  bench  clear. 

B  The  wall-plate  drlfla  were  M 
^  worked  that  tlieir  headings  wen 
^  always  18  or  20  ft.  In  advance  of  the 
S  cuttlngedge;  As  the  shield  advaneed 
^  the  earth  at  the  sldee  of  the  bend)  wu 
^     cut  away  below  the  wall  plates  to  tha 

a  tunnel  floor,  and  plumb  pc«t*  put  In 
.c  place  in  tile  usual  way.  The  waU- 
*E     plitea  were  placed  by  the  engbwer 

T  In  charge  of  tbe  work  and  aeouraly 
i     blocked. 

H  Cotl  and  Progrm. — With  ths  poUsf 
"S  board  method  the  progros  with  a 
*5     shift  of  thirtymen  had  been  Oiilj4 

°  to  6  ft.  a  day,  but  with  the  shield  IB 
.g    full  operation  the  same  number  at 

g  men  advanced  the  heading  19  to  M 
■?  ft.  a  day,  and  eliminated  all  tiM 
■£    (else  limber  woric  required  by  the 

I  former  method.  Tha  first  MM 
"3    built  wan  tried  out  near  the  mt 

S  portal,  Prc«iesa  with  It  was  VOT 
S  natlafactoiy.  and  It  waa  decided  ts 
"B    build  a  second  shield.     The  shleldi 

I  were  fabricated  by  the  Beattle  Diy 
^  dock  A  Construction  Caropaoy  at  a 
J    cost   of   about   tSOOO   each.    Ther 

§>  weie  made  in  flre  secttons,  and  sftM 
H    being  assembled  In  Oie  shop  wen 

I.  taken  apart  tor  shipment  and  n- 
^  erected  in  the  tunnd.  Tlie  shkid 
S  was  designed  and  patented  by  W, 
M.  McDowell,  ot  Tacoma,  and  tts 
work  done  with  it  In  Uw  Mnl 
Deflance  tunnd  Was  earrled  ont 
under  his  penonil  Miper*lsliiB.  I 
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Labor  axd  Lumbeb  Costs,  Poling  Board  Mstrod,  Jxtly,  1012 

Shift  boss,  30  days  @  $5.00  per  day $     150.00 

10  miners,  30  days  @  $3.00  per  day 900.00 

17  muckers,  30  days  @  $2.50  per  day 1 ,275.00 

False  timber  in  place,  73,392  bd.  ft.  @  $10.00  per  M 733.02 

Electrician,  30  days  @  $4.00  per  day 120. 00 

Total  for  day  shift S3, 178.92 

Shift  boss,  30  days  @  $5.00  per  day S     150.00 

10  miners,  30  days  @  $3.00  per  day 900.00 

17  muckers,  30  days  @  $2.50  per  day 1 ,275.00 

False  timber  in  place,  73,392  bd.  ft.  @  $10.00  per  M 733. 93 

Total  for  night  shift $3.058. 9S 

Total $6,237.84 

Credit  (89,786  board  feet  of  permanent  timber  furnished  by  Northern 

Pacific  Railroad  and  put  in  place  by  contractor  at  $11  per  M) 987. 64 

Net  total  for  the  month $5,250.20 

Distance  tunneled  for  month,  136  linear  feet 
Cost  per  linear  foot $       87. 77 

Labor  and  Lumber  Costs  Using  Shield,  Mat,  1918 

Shield  foremen,  29  days  @  $5.00  per  day $     145.00 

Shift  boss,  29  days  @  $5.00  per  day 145.00 

10  miners,  29  days  @  $3.00  per  day 870. 00 

13  muckers,  29  days  @  $2.50  per  day 042. 60 

False  timber  in  place,  19,700  bd.  ft.  @  $10.00  per  day 107.00 

Electrician,  29  days  @  $4.00  per  day ^ 116.00 

Total  for  day  shift $2.415. 60 

Shield  foremen,  29  days  @  $5.00  per  day $     146.00 

Shift  boss,  29  days  @  $5.00  per  day 146.00 

10  miners,  29  days  @  $3.00  per  day 870. 00 

13  muckers,  29  days  @  $2.50  per  day 042. 60 

False  timber  in  place,  19,700  bd.  ft.  @  $10.00  per  day 107.00 

Total  for  night  shift $2,200.60 

Total $4,715.00 

Credit  (226,156  board  feet  of  permanent  timber  fiirnished  by  North- 
ern Pacific  Railroad  and  put  in  place  by  contractor  at  $11  per  M) . .     2.487. 71 

Net  total  for  the  month $2.227. 29 

Distance  tunneled  for  month,  394  lin.  ft. 
Cost  per  linear  foot $5. 05 

Cost  of  Tunnel  Lining  By  Compressed  Air  Mixing  and  PUcing. — ^Tha  foDowing 
data  are  taken  from  an  article  in  Engineering  and  Contracting.  Jan.  12. 1010. 

Location  of  Mixer. — Generally  speaking  the  location  of  the  mixer  ahiMild  be 
as  near  the  place  of  concreting  as  possible,  having  due  regard  to  suitable  length 
of  discharge  pipe.  A  part  of  the  mixing  process  takes  place  in  the  disduufB 
pipe  and  the  length  of  this  pipe  must  therefore  be  sufficient  to  complete  ttaB 
mixing  process.  It  is  assumed  as  an  approximation  that  50  ft.  of  dlschaige 
pipe  are  necessary.  At  Sandy  Ridge  tunnel  40  ft.  of  discharge  pipe  wM 
employed  at  times  and  no  defect  of  mixture  was  observed.  These  lengths  of 
discharge  may  then  be  accepted  tentatively  as  necessary.  The  upper  limit 
of  length  of  discharge  pipe  is  determined  by  relative  costs.  Practice  leoordi 
lengths  up  to  nearly  2,800  ft.  Generally  speaking,  length  of  disdbarge  should 
be  kept  well  under  1,000  ft.  to  obtain  the  best  results  in  oompuatiVB  output 
and  costs. 

In  level,  the  location  may  (within  limits)  be,  without  detriment  to  nsulti. 
considerably  either  above  or  below  the  point  of  depositing.  A  rise  of  p^  of 
15  to  20  ft.  above  mixer  level  is  common  experience.    Thexe  «n  fkoqiMOt 


examples  of  rises  ot  20 
100  (I.  above  the  mi; 
Indicate  generally  the 
Location  above  the  pi 
tunnel,  however,  one 
Buccessfully. 

The  ideal  location  ol 
way  tunnel,  would  seer 
With  ao  air  main  thri 
plant,  a  car  mounted 
operations. 

aa  important  bearing  i 
a  problem  that  need  □ 

capaj^tlea.  Wear  of  p 
tinctly  users'  problems 


closed  pipe  unde 
abrasive  test.  Practi( 
la  the  past  no  uniform 
the  character  of 


spiral  riveted  pipe  was 
frequent  ruptures.  O 
Cisco  studies  of  pipe  we 
and  16  cu.  ft.  charges 
75  to  loo  ft.  per  second 

veyed.  The  same  pip 
top.  Threaded  connei 
by  threading  resulted  i 
radius,  K-ui.  steel  plpi 
veylng  and  averaged  o 
elbows  were  adopted  ai 
than  ordinary  steel  el 
which  shows  a  difFeren 
ot  the  coarse  aggregate, 
more  rapid  wear  and  s 
Tbe  causes  for  esc( 
straight  alinement  Is  t 
cause  It  reduces  (rictio 
elbows;  this  conhnes 
amount  of  concrete  to 
for  elbows.  Have  no 
smooth.  Use  a  form  i 
even  and  does  not  rcdu 

easily  made  In  restrict; 

gravity  of  tbe  aggregat 
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vertical  distances  of  discharge,  kind  of  pipe,  number  of  bends  in  the  dischuge 
pipe  and  principally  upon  the  operator.  Table  II  gives  the  theoretical  capaci- 
ties for  continuous  operation  at  various  horizontal  distances. 

The  figures  in  Table  II  are  based  on  observation  for  the  shorter  distaDoes 
of  discharge  and  are  computed  for  the  longer  distances.    At  the  8t.  Louis 


Distance,  ft 100  200 

Time  of  shooting 10     15 

Time  of  loading,  sees . .     20     20 

Time  per  batcn,  sees . .     30     35 

Batches  per  min 2.01.8 

Batches  per  hour 120  108 

Yards  per  hour 40     36 

Actual  free  air  re- 
quired,   cu.    ft.    per 

min 400  720  1,300  1,600 

Size    of   air   reservoir, 

cu.  ft 50  100       150       240 


Tabu 

E  II 

500 

800  1 

,000  1 

,200  ] 

,500  2,000  2.500 

25 

40 

50 

60 

75 

100       125 

20 

20 

20 

20 

20 

20        20 

45 

60 

70 

80 

100 

130       145 

1.3 

1.0 

.85 

.75 

.6 

.46       .41 

78 

60 

51 

45 

36 

27        24 

26 

20 

17 

15 

12 

9          8 

1,700  1.800  1.1840  1.840  2.000 
300       360       450       500       750 


waterworks  tunnel  the  air  consiunption  was  from  1^2  to  1.7  cu.  ft.  -pesr  lineal 
foot  of  discharge  pipe.  At  Richmond  Tunnel,  San  Francisco,  the  codbuhi^ 
tion  was  1.3  cu.  ft.  per  lineal  foot  of  pipe.  Another  tabulation  given  by  H.  A. 
Leeuw  and  stated  to  be  based  on  three  years'  study  and  experience,  is  TiUe 
III. 


Table   III. — Cubic  Yards  of  Concrete  Per  Houb,  Mzxsb  CAPAonr  H 

Cu.  Yd. 

Actual  amount  of  compressed  air 

required 

Cu.  ft.  of  free  air  per  minute 


Length  of  horisontal  diacharge 

100       300       400       600        800     1.000 
Lin.      Lin.      Lin.      Lin.       Lin.     lin. 


600 

800 

1,200 


ft. 
20 
30 
40 


ft. 
15 
20 
30 


ft. 
10 
18 
25 


ft. 

•  • 

12 
20 


ft. 

•  • 

6 
12 


ft. 
8 


Time  Studies, — Tables  IV  and  V  give  two  time  studies  which  were  made  dur- 
ing the  course  of  a  regular  day's  run  on  one  job.  The  air  supply  was  about  000 
cu.  ft.  per  minute  and  the  mixer  was  a  K-cu.  yd.  size.  It  was  charged  frooi 
overhead  bins  by  hand,  operated  by  sliding  gates  immediately  over  tba 


Table  IV. — Time-study  No.  1 


Consec.  No. 
of  shot 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Average 


Charging 
mixer,  sec. 

10.0 
10.0 

9.0 

8.0 
10.0 
11.0 
11.0 

9.0 
10.0 


9.8 


Closing 
door,  sec. 

4.0 
2.0 
3.0 
5.0 
5.0 
2.0 
6.0 
6.0 
5.0 


4.2 


Disohargins 
mixer,  sec. 

13.0 
13.0 
17.0 
14.0 
17.0 
20.0 
10.0 
15.0 
18.0 


16.2 


Wait  f oriiM  in 
air  preaaure.  MOL 

23.0 
11.0 
16.0 
16.0 
20.0 
14.0 
20.0 
29.0 


Average  time  per  shot,  47.4  seconds.     Length  of  CHmveyor  pipe 
Vertical  rise  of  pipe,  15  feet.     Bends  ■       ■       -       - 


I  in  pipe,  270  degrees. 


17.2 
3164Mfc 


neasurlni*  hopper;  two  la 
aborer  operated  the  gate  i 
mother  laborer  operated 
noking  live  men  at  the  a 
Note  that  a  eoo-f(.  co 
vaiting  for  the  air  pressui 

102  [t.  there  was  no  wait 


lecord,  Jan,  24,  1918, 

In  placing  the  lining 
>neumatlc  mixing  plants ' 
nent  tor  carrying  on  the  ■ 


aest  montlily  output, . , 
Force  employed: 

Mixer  plant 

Forma 

Max.  distance  between  i 

f ormfi.  ft - 

Bpecd  of  dlsciiarge 

Hme  required  lo  move  a 

hrs 

"  When  air  pressure  tt 
'  March  19ia,  4,170  011 

'October,  1916,5,811 
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The  best  results  in  placing  64,040  cu.  yd.  of  concrete  were  obtained  by  keep- 
ing the  mixing  plant  close  to  the  forms.  This  eliminated  trouble  with  plug- 
ging the  hne  and  made  it  possible  to  operate  with  less  compressed  aJr.  The 
plant  finally  developed  (the  fourth)  was  mounted  on  cars  which  could  move 
as  the  work  progressed,  and  in  which  the  mixer  was  charged  by  a  skip  loaded 
from  a  small  bin,  which  in  turn  was  filled  by  belt  conveyors  passing  benei^th 
bins,  mounted  on  the  train  into  which  the  tunnel  cars  were  dimaped.  These 
cars  were  hauled  up  an  incline  to  the  top  of  the  train,  see  Fig.  8.  This  plant 
placed  more  than  37,000  cu.  yds.  of  concrete  in  8  months,  with  7  sets  of  formSt 
not  only  reduced  the  delays  due  to  plugs,  but  effected  such  a  saving  in  wear 
on  the  pipe  that  it  was  possible  to  finish  the  work  without  purchasing  a  large 
extra  quantity. 

The  pipe  used  was  8-in.  mild  steel  that  had  been  employed  previously  as  an 
air  line.  This  pipe  had  plain  ends  for  Dresser  Joints,  and  these  joints  were 
used.  However,  they  were  not  considered  to  have  enough  strengrth  to  resist 
the  pull  of  the  concrete  through  the  pipe,  and  were  reinforced  by  fastening 
two  angles  to  each  end  of  each  section  of  the  pipe  and  connecting  angles  by  a 
pair  of  K-in.  machine  bolts.  At  the  commencement  ol  the  work  ordinary  cast 
steel  elbows  were  supplied  by  the  agent  of  the  firm  which  furnished  the  mixen. 
They  proved  very  unreUable,  one  elbow  standing  up  1,000  yd.  and  another  one 
for  less  than  100  yd.  When  a  blowout  occurred  it  was  sometimes  possible  to  put 
on  a  patch  to  last  imtil  the  form  was  finished,  but  in  a  great  many  caaes  it  was 
necessary  to  take  down  the  elbow  and  replace  it,  wasting  a  good  deal  of  time. 

The  first  improvement  made  was  to  get  some  split  elbows,  the  idea  being 
that  as  the  backs  alone  wore  out  they  could  be  replaced  with  little  more  than 
half  the  trouble  required  in  removing  the  whole  elbow.     Four  split  elbows  of 
manganese  steel  were  ordered  for  trial,  but  it  was  foimd  that  under  the  same 
conditions  the  manganese  steel  only  wore  50  per  cent  longer,  while  the  cost  was 
four  times  that  of  the  old  carbon  steel  elbows.    The  old  elbows  wore  out  only  in 
one  place,  so  that  it  was  believed  the  most  economical  proposition  would  be  to 
split  a  few  carbon  steel  elbows  with  reliable  backs,  and  use  reliners  consiBtlng 
of  blocks  that  could  be  replaced  as  soon  as  worn  out,  as  shown  in  one  at  the 
photographs.    With  an  elbow  of  this  tyi)e  and  with  proper  inspection  there 
should  be  no  delays  in  concrete  work  of  this  character.    Fifteen  46-deg.  elbows 
of  this  type  were  ordered  and  reliners  of  various  material,  including  cast  iron, 
least  steel,  manganese  steel  and  ferralun,  were  procured  for  trial.    Pure  rubber 
in  the  shape  of  old  sections  of  motor  truck  tires  was  tried,  but  could  not  be 
held  in  place  in  the  elbow.     The  most  economical  lining  was  found  to  be  cast 
iron,  though  ferralun  outlasted  all  the  other  materials. 

This  elbow  was  a  great  improvement  and  was  used  for  the  rest  of  the  Job. 
It  gave  very  satisfactory  service,  though  after  being  relined  several  times  the 
block  reliners  had  a  tendency  to  blow  out  owing  to  wear  of  the  elboiw  itself 
alongside  the  liners.  When  the  elbow  reached  this  stage  a  forged  reUner  in 
one  piec«  was  put  in  to  fill  up  all  the  worn  spots.  This  type  of  elbow  has 
since  been  patented  and  conHideral)ly  improved. 

The  pipe  wear  was  considerable,  but  no  figures  are  available  as  to  tbe 
amount  actually  destroyed.  Mast  of  the  wear  occurred  at  the  ends,  aad  when 
a  len^h  was  worn  through  the  ends  were  cut  off  and  the  pipe  used  again  until 
entindy  worn  out.  The  reinforced  Dresser  joints  gave  satisfactory  servlee, 
but  there  were  occasional  blowouts  due  to  bad  plugs.  Where  the  end  of  tfae 
horizontal  pipe  connected  to  the  mixer  elbow  and  to  the  elbow  at  the  boUcn 
of  the  vertical  pipe,  a  flange  was  screwed  on  the  pipe. 


jropped  below  70  lb. 

Output  of  Speeisl  Car  1 
road  TunneL — A  car  com 
used  by  the  Carolina.  Cli 
track  Sandy  Ridge  tunDel 
by  H.  B.  Klrkland.  preslt 
paper  presented  before  thi 
ing  taken  from  Mr.  Ktrkl. 
Mays,  1S18. 

The  car  LHO  ft,  long,  IC 
top  of  rail  to  top  of  car. 
long,  fl  ft.  8  In.  wide  and 

chamber  is  a  wal«r  lank  r 

On  one  end  of  the  car,  fai 
capacity.  Each  bin  baa  a 
each  chute  is  controlled  bj 
occupied  by  a  S&^u,  ft,  r 

Under  the  sand  bin  is  t1 
plelely  housed  from  watei 
stands  with  its  top  rim  abi 
guide  n^ls  to  its  upper  pof 
air  cylinder  9!i  in.  in  dia 
by  means  of  a  guide  rail. 
an  8-in.  outlet  iilpe  at  thi 
outside  of  Hie  rear  truck  Bi 
It  branches  by  means  nl  a 
"shooting"  Into  founilati( 
tor  -shooting"  into  the  an 
controlling  the  movement 
the  pipe,  traveling  with  th 

Along  one  side  of  the  ca 
rt.  wide  used  by  the  men 
room.  During  the  ordinal 
arrangement  is  compact  i 
One  man  controls  the  hoial 
ing  and  discharge  of  the  I 
men  carry,  open  and  empl 

The  gauoline  fngine  is  o 
200  hp.  at  .151)  T.p.m.  It 
frame  constitute  one  of  th 
at  right  angles  to  the  truck 
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tinues  the  motion.  The  tranBrnlasioD  la  b 
driven  axle  lone  onlf  being  used)  and  the'i 
ol  Bpectal  design, 

Tbe  loiulmg  and  storage  trestle  is  BO  artBDged  thst  the  concrete  car  gott 
under  It  and  receives  erusher-run  stone,  saad,  bag  cement  and  water  by  grevltj. 
Tbe  sand  and  etone  are  drawn  from  overhead  bins  by  laeans  of  under-cut 
gates.  Cement  is  conveyed  into  the  car  by  a  chute.  The  ttestlo  has  a  traclt 
over  Ita  deck  upon  which  atone  and  sand  in  hopper  cars  are  stored  or  unloaded 
Into  the  bins  below.  There  la  a  continuous  row  of  27  bins  with  an  aggregate 
capacity  of  324  cu.  yd.  and  a  total  length  of  162  tt.,  and  G  loaded  cars  caaba 
stored  over  these  blna  to  give  an  additional  atorage  capacity  ot  ZOO  cu.  yd. 


rs: 


Ot.' 


t  .Hdi"l 


The  compresaor  plunt  vias  exceptional  tor  a  temporoiy  out&t.    To  ml* 
money  on  foundations  and  at  tbe  same  ttme  to  increase  the  Bpace,  the  floor 
"    d  4>i  ft.  above  sub«nde,  tta 


irete  foun 


built  ui 


D  tbisb 


Bpace  undomeath  wiis  utilized  for  water  tanks  and  ash  pit.  The  bidlcUnB  Ml 
built  ot  l-io.  boards  covered  with  tar  paper.  The  ttnagBnteat  dM^ 
permitted  coul  to  be  dumped  from  cars  on  the  trestle  to  a  pUe  tn  tMUt  af  Ibt 
boilers.  There  were  two  boilers,  both  locomotive  type,  one  nnr  mo  otlM 
hp..  and  DDR  old  one  of  TO  hp.  The  plringconnectlonsmnRudtliktcMc 
one  could  be  cut  In  or  out  ol  service  lor  deuUng  ot  lepaln.    Tm  i 
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end.  About  every  100ft.  along  radius  tee  was  placed  and  about 20 mine 
cocks  of  4-in.  size  were  provided ;  these  could  be  shifted  to  the  various  tees  as 
t^ie  progress  of  the  work  demanded.  From  the  mine  cock  a  3-in.  hose  60-ft. 
long  connects  with  the  96  cu.  ft.  air  receiver  on  the  car  which  can  thus  be 
connected  to  the  4-in.  pipe  line  from  any  position  in  the  tunneL 

Several  runs  of  180  cu.  yd.  per  day  and  one  run  of  201  cu.  yd.  were  made. 
The  work  consisted  of  putting  in  the  foundation  and  the  initial  lift  of  bench 
wall  4  ft.  4  in.  high,  which  involved  moving  the  car  more  than  was  neoeasajy 
when  "shooting"  into  the  arch  form. 

Another  feature  of  this  plant  is  the  short  pipe  through  which  the  charKB 
moved.  The  pipe  is  41  ft.  long  to  the  chute  on  the  front  of  the  car  and  the 
mixture  is  good,  using  a  K-yd.  machine.  The  difficult  problem  on  a  car  like 
this  is  to  design  the  plant  so  as  to  charge  the  mixer  fast  enough  to  work  to  its 
capacity.  The  mixer  can  shoot  a  batch  every  15  seconds  if  enough  air  Is 
furnished  and  the  charges  can  be  placed  in  the  machine  fast  enough.  The 
time  records  on  the  work  of  this  car  are  as  follows: 

Aug.  17,  1915,  423  batches  in  381  min.,  average  54.0  see.  per  batoh. 
Aug.  18,  1915,  323  batches  in  302  min.,  average  56. 1  seo.  per  batoh. 
Aug.  19,  1915,  448  batches  in  340  min.,  average  45.  5  see.  per  batoh. 
Aug.  20,  1915,  325  batches  in  250  min.,  average  46. 1  sec.  per  batch. 
Aug.  21,  1915,  309  batches  in  309  min.,  average  54. 3  seo.  per  batoh. 

The  variation  is  due  to  the  condition  of  the  material,  whether  wet  or  dry, 
which  affects  the  rapidity  with  which  it  flows  in  the  chutes  and  skip.  It  is 
believed  that  the  operation  can  be  speeded  up  to  an  average  of  about  35  to  40 
seconds  per  batch  with'  dry  material.  One  should  observe  that  the  door  of 
the  skip  automatically  opens  as  the  skip  reaches  the  position  and  doses  as  it  is 
lowered  away ;  also  that  the  door  serves  as  a  chute  while  open  and  that  the  side 
slopes  are  steep  and  unbroken,  so  that  the  skip  clears  quickly.  The  material 
when  damp  has  a  decided  tendency  to  arch  either  vertically  or  horizontally, 
and  frequently  this  arch  must  be  broken  by  hand.  The  hoistinir  of  the  skip, 
the  placing  of  the  water  and  the  discharge  of  the  batch  are  all  <BontroUed  by 
one  operator.  The  inside  of  the  car  was  lighted  by  carbide  lights  and  the 
outside  work  by  hand  torches  and  carbide  lights. 

Organization  and  Output  in  Lining  Diana  Timnel  of  the  L.  A.  N.  R.  ft. 
with  Pneumatic  Mixer. — The  following  extract,  of  a  paper  by  H.  B.  Tfirifiiuwi 
presented  before  the  Western  Society  of  Engineers,  Is  taken  from  EngiDeerlng 
and  Contracting,  May  15,  1918. 

The  tunnel  is  1,520  ft.  in  length,  29  ft.  wide  and  25  ft.  high.  It  is  In  lime- 
stone and  shale  formation  and  has  a  hning  2  ft.  thick.  The  pneumatic  mixer 
with  storage  bins  and  measuring  hopper-,  etc.,  was  first  placed  on  the  south 
end  of  the  tunnel.  One  set  of  Blaw  traveling  forms  was  started  at  the  soutb 
portal  and  the  .second  set  was  started  400  ft.  in  the  tunnel.  These  forms  pro- 
gressed away  from  the  mixer  until  the  first  form  had  reached  the  work  started 
by  the  second  form  and  the  second  form  had  reached  approximately  the  oenta 
of  the  tunnel.  Then  the  mixer  was  moved  from  the  south  end  of  the  tunnd  to 
the  north  end  and  the  forms  moved  up  so  that  the  first  form  would  start  aft 
the  center  of  the  tunnel  and  the  second  form  half  way  between  that  point  and 
the  end  of  the  tunnel.  The  forms  then  progressed  toward  the  mixer  until  ths 
tunnel  was  completed. 

The  compressor  plant  consisted  of  two  IngersoU-Rand  steua-drlvttl  oon- 


preBsora,  which  de 


troDSpDned  waa 
age  time  require 
although  some  t 


considered  best  tt 
3.  Royalty  oQ  i 
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Operatixo  Force  Rbquibed 

1  Man  operating  gate  on  chute  from  rock  bin. 

1  Man  operating  gate  on  chute  from  sand  bin. 

2  Cement  men. 

1  Mixer  operator. 

1  Man  at  pneumatic  machine. 

2  Concrete  tampers  inside  tunnel. 

1  Concrete  foreman,  who  also  watches  the  pii>e  line  to  guard 
against  clogging. 

1  Man  operating  the  air  compressor. 

2  Laborers  in  the  dumpfng  platform  above  the  material  bins. 

The  total  concrete  crew  required  is  as  sho^n  above.  Under  the  most 
favorable  conditions,  a  batch  of  16  cu.  ft.  can  be  mixed  and  placed  in  a  minute. 
A  rate  of  forty  batches  per  hour  or  about  190  cu.  yd.  per  S-hr.  day  is  a  fair 
average  when  running  steadily. 

Relining  Brick  Lined  Tunnel  with  Steam  Jetted  Concrete. — ^Th6  brick 
lining  of  the  Chicago  Great  Western  single  track  R.  R.  tunnel  2,600  ft.  long 
at  Winston,  111.  was  badly  disintegrated  by  the  action  of  water,  coal  gases  and 
by  f r(;ozing  caused  by  the  cold  air  forced  into  the  tunnel  by  a  Diesel  engine 
drivfm  ventilating  fan.  Harold  P.  Brown  describes  the  situation,  his  recom- 
m(;ndations  and  the  work  done  in  a  paper,  read  at  the  Feb.,  1916  meeting  of  the 
American  Concrete  Institute,  and  published  in  Engineering  and  Contracting, 
Feb.  2.'},  1916,  from  which  the  following  is  taken. 

About  a  year  ago  the  writer  was  called  upon  to  examine  the  tunnel  and  sug- 
gest a  method  of  relining  which  would  meet  the  very  difficult  and  unusual 
conditions.  It  was  evident  that  the  foundation  was  in  satisfactory  shape  and 
that  the  side  walls  were  but  little  injured.  The  roof,  however,  was  in  danger- 
ous condition  and  required  a  lining  which  would  take  its  proper  share  of  the 
load. 

My  report  advised  a  slight  lowering  of  the  track  level;  the  drilling  of  a  large 
number  of  weep  holes  3  in.  in  diameter;  the  washing  out  of  the  day  between 
the  upper  brick  and  the  old  timber  lining  and  filling  the  space  with  grout  under 
pressure,  and  the  removal  of  the  cracked  bricks.  These  should  at  cmoe  be 
replaced  by  an  adhering  layer  of  steam-jetted  concrete,  sufficiently  reinforced, 
if  necessary,  to  take  its  share  of  the  load  and  continued  2  in.  below  the  old 
surface. 

In  August,  1015,  a  work  train  was  equipped  for  the  job.  The  engine  wu 
provided  with  an  extra  air  compressor,  a  steam  pump  and  a  dynamo  for  elec- 
tric lighting.  A  pn^ssure  reducing  valve  set  at  90  lb.  was  connected  from  ■& 
extry  heavy  nipi)le  on  the  dome  and  a  2-in.  steam  connection  carried  with 
Franklin  ball  and  socket  joints  and  suitable  couplings  to  a  flat  car  on  ^^lidi 
was  ])la(H>(l  tho  concrete  atomizer.  The  same  car  carried  the  cement,  sand  and 
gravel.  As  it  would  bo  difficult  to  control  by  hand  a  nozzle  for  jetting  the 
corHTcto  on  to  the  roof,  I  designed  for  this  purpose  a  nozzle  car  and  trowdllng 
iiiiu'hine  which  would  place  the  concrete,  would  indicate  the  depth  ambled 
and  would  trowel  or  fmish  the  final  layer.  The  second  flat  car  in  the  train 
carried  this  machine  which  was  mounted  on  a  platform  capable  of  vertical  or 
lateral  adjustment,  so  that  it  could  be  made  to  swhig  from  center  line  of  ardt 
The  nozzle  was  secured  to  a  shaft  mounted  on  suitable  journals  and  was  moved 
from  sid(i  to  side  by  a  reversible  two-cylinder  steam  engine.  The  same  shaft 
carried  the  distance  indicator  and  the  trowelling  devices.  The  oosxle  car 
was  mounU'd  on  whcvls  running  on  channel  irons  and  could  be  moved  back 
and  forth  10  ft.  by  means  of  a  stationary  windlass.  Steam  connectkUH  to  tin 
engine  and  to  the  nozzle  were  made  by  means  of  suspended  lengtha  tf 


removing  the  detective  br 
could  be  Bounded  from  atts 
wal«r,  ste&m  and  concrete 
incandescent  lamps  were  i 

provided  were  not  heavy  e 
3-in,  weep  holes.  Rather 
I  started  operations  at  ttte 
through  the  roof.  A  mlxt 
pebbles  were  used  with  10 1 
atomizer  at  90  lb.  pressui 
engine  working  pressure  t 
through  2-ln.  hose  and  sb 
pebbles  at  first  dropped  ai 
Interstices  of  the  brickwoi 
material  bounded  off  and 

Before  shooting  a  load, 
the  cieaiung  of  the  brickw< 
In  some  places  a  layer  of  ( 
set  up  so  quickly  that  the  i 
bound  freight  without  trot 

In  the  Snal  layer  lime  1 
The  proportions  were  I  pa 
sand.  This  gave  a  smoot 
when  the  steam  Jet  from  t 


atomizer,  sleun  the  roof  E 
not  to  Interfere  with  train 
track  tunnel,  only  about  6 
An  average  of  262  ft.  of  111 
6  hours,  using  35  bags  of  cc 

above  the  arch.  The  woi 
Engineer,  pronounced  It  ei 
Cost  Diti  on  Lining  Tw 
and  Brick. — Iri  Engineerit 
publishes  the  accompanyb 
exclusive  of  the  port^a. 
brick  arching  and  packjn 
lining  from  footings  up  is  < 
In  arch  area  affected  by  g 
iDto  the  cencteto  with  tea 
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The  West  Virginia  work  was  put  up  by  thoroughly  experienced  tunnel 
contractors,  whose  system,  organization  and  general  methods  were  of  tfas 
best  and  had  been  evolved  from  the  result  of  years  of  experience.  The  wwk 
on  the  tunnel  in  Pennsylvania  was  done  by  another  firm  with  not  so  much 
experience  in  this  line  of*  work,  and  whose  methods  were  somewhat  mon 
expensive,  cumbersome  and  inexperienced.  The  costs  are  from  private  notes 
and  from  close  contact  with  both  of  these  undertakings.  The  brick  llninf 
cost  in  the  tunnel  in  West  Virginia  is  S26.15  per  lin.  ft.*  for  the  arching  and 
packing,  and  with  the  concrete  walls  and  footings  added  it  will  approximate  in 
all  about  $40.15  per  lin.  ft. 

West  Virginia  Tunnel. — The  length  of  this  timnel  is  4,211  ft.  The  trnmel 
width  is  31  ft.  The  radius  of  the  arch  is  15  ft.  6  ins.  The  arch  consists  of 
five  rings  of  brick  laid  up  in  five  courses  with  1  to  3  mortar.  An  indivlduil' 
brick  measured  3  X  4*  X  9  ins.  The  bricklayers  worked  167  shifts.  Only 
one  shift  was  worked  by  others  than  bricklayers.  The  time  lost  due  to  mor- 
ing,  delays,  etc.,  amounted  to  28  shifts.  The  number  of  shifts  as  f»itU»nH«r 
days  amounted  to  196.  The  average  length  of  tunnel  lined  per  shift  for  the 
168  shifts  of  actual  working  time  was  25  ft.  The  tunnel  lining  was  carried  on 
simultaneously  at  different  points  along  the  length  of  the  tunnel  and  for  tldf 
reason  four  closures  were  made.  For  each  lin.  ft.  of  arch  1*227  bricks  wexe 
required,  making  in  all  5,166,897  bricks  in  the  arch.  In  each  spandrel  wall, 
spacing  5  ft.  4  ins.,  there  were  1,564  bricks;  156,400  bricks  in  all  were  used  for 
the  spandrel  walls.  For  extra  work  including  portids,  bad  ground,  etc., 
31,825  bricks  were  used.  The  number  of  culls,  bata,  etc.,  amounting  to  H 
of  1  i)er  cent,  were  40,878,  making  the  total  number  of  bricks  used  for  the 
lining  5,396,000.  The  packing  averaged  2  cu.  yds.  and  4  cu.  ft.  to  each  lineal 
foot  of  tunnel.  The  cost  data  on  the  West  Virginia  work  are  given  in  TaUes 
VII  to  X,  inclusive.  The  cost  data  on  the  Pennsylvania  tunnel  are  given  in 
Tables  XI  to  XIV,  inclusive.  The  former  work  was  done  in  1011  and  lOU, 
while  the  latter  was  done  in  1912,  from  July  to  December. 


Table  VII. — Cost  op  Brick  Arch  Tunnel  Lining  (4,211  Lin.  Pt.)  nr  Wi 

Virginia  Tunnel 


Bricklaying 

Mo\'inK  centers 

Lagging 

Pacldiig 

Key 

Material,  delivery  from  west  portal. 

Air  service  and  pipe  line 

Center  erection  and  dismantling 

Mixer,  erection,  etc 

Tracks  and  switches 

Lighting,  oil,  etc 

Timekeeper,  office  and  plant 

Brick  (r),:i9(),000) 

Cement  (0,000  bbLs.) 

Sand  (3,r)00  cu.  yds.) 

Packing  stone  (9,050  cu.  yds. ) 

Extra  brick  (portal  and  bad  ground) 

Total  cost 


Total 

Total 

CortMT 

shifts 

ooat 

7,392 

S  20.580 

S  4.84 

672 

1,806 

0.48 

504 

1.176 

0.86 

2,520 

4,410 

-  1.05 

840 

1,076 

0.26 

1,176 

3,670 

0.85 

168 

6.093 

1.46 

168 

3,000 

0.71 

168 

600 

0.14 

166 

fiOO 

O.IS 

168 

1.600 

0.88 

168 

2.430 

0.56 

168 

44,517 

10.57 

168 

9.340 

2.  SO 

168 

2.800 

0.66 

168 

6,787 

1.61 

•  •ft 

392 

0.07 

>U0,47« 

«-.,i 

EI.— CoBT  roB  4.2 


IX. — MlSCELUJ 
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—Cost  of  Pbnnstlvania  Tunnbl  Linzno,  Concbbtb  Walls  aitd 
Archinq,  for  Enoinss,  Cars  and  Labor  Only 

(4,000  Un.  ft.) 
;klaying  and  arching  .««  X 


icklayers 1  39  $1.00  $0.9$ 

1  39  .40  0.39 

10.  390  .20  1.96 

3 1  39  .35  0.34 

nan,  ppn H  39  .40  0. 20 

6  234  .20  1.17 

carpenter 1  39  .36  0. 34 

man,  ppn i^  39  .40  0. 2Q 

1 2  78  .26  0.49 

'ching: 

nner 1  39  .26  0. 24 

gines 3  117  .60  1.46 

gineere 3  117  .27K  0.80 

akemen 117  .20  0.68 

id  brick  carff 361  .04  0. 36 


S9.49 


— Cost  of  Pennsylvania  Tunnel  Lining  for  Material,  Plant, 
Lighting  and  Overhead  Charges 

(4,000  lin.  ft.) 

Cost  per  Cost  per 

costs                                                                          cu.  yd.  lin.  it. 

i,  gravel  and  stone S2. 9268  S20. 48 

[ 0. 3760  2. 63 

0.3214  2.26 

erection  and  dismantling  (4) 0. 2760  1. 98 

tal,  boilers,  machy.,  storage  bins  W.  H.,  etc., 

id  dismantling 0. 5367  •  3. 76 

Jiasoline  lighting 0. 1690  1. 18 

!nce,  b]4  months 0. 0636  0. 38 

H  months 0. 1236  0. 87 

lines,  $50  per  day  for  173  days 0. 3089  2. 16 

jhes,  etc 0. 0636  0: 87 

incidentals  (estimated) 0.(^93  0. 62 

it,  etc.,  mixer  and  labor 0. 8884  6.87. 

ching,  labor  and  machinery 1. 3661  9. 49 

footings 0.  3173  2. 22 

$7.7420  $54.20 
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Tabli  XIT. — Cost  ot  PiNxaTLTAHiA  TcmiaL  haixtia,  Sroox  Pm  Uan 

Cemiiht,    WlBBBOCaB  AND  MiXBB,  liABOB    OBt.T 

(4,000  lin,rt.) 


Indu 


1  crane  firami._. 

InduBtrUl  emae  wstchma 

Labprem.'.  '.v...;;;;;;;; 

Mixer  bin  laborera. ...  ^  ! ! 
Cement  W.  St.  laboren. 

Miier  laborera 

MiiH  engineer 

Miier  fireman 


i 
I 
i 

U 
SO.  11 
0.0B 
0.M 
0.S1 
0.M 


!l  built  for  the 


:e  comprisins  a  aubaqueous  section  3,008  ft.  loBt, 
a  westerly  approach  tiinijel  3,660  It.  long.  Including  1,GI0.6  ft.  cf  opRt  nt 
approach,  and  an  eosteri;  approach  tunnel' 6,449.2  ft.  lone,  lodudiDK  SiWX)  ft. 


Fig.  1 


cp.  the  gt 


il  type  of  conatructlon. 


o  W.  S.  Klnnear.  (Froc.  Am.  Boc.  C.  E.,  Vol.,  XXXVII} 
oeeringanil  Cktntracting.  Sept.  27,  IBll,  the  rate  ot  progresi  ol  < 
Wlmlsor,  with  tbr;  nhlelda  and  in  the  drifts,  under  faTorobliB  CondltlODB, 
about  the  same  as  at  Detroit,  being  approximately  10  ft.  per  day 
with  the  shields  and  12  ft.  per  day  In  the  drifts.     The  mutmii 
covered  by  one  ot  the  shields  In  a  single  day  was  IB  ft.  10  Ini. 


Xnff- 
itnnal        j 

-J 


•aa  t4.B0  per  cu.  yd, 
icidentala.  The  cost  ( 
lileld  beadlDga  i>nd  twi 


vered  in  dump-cara 
rele  Into  the  form  f r 
omplete  before  conci 
r  the  center  shield,  i 


iousl;  stated.     The  i 


Bhed  In  Engineering  an 
ly  B.  H.  M,  Hewett  am 
The  laad  tunnels  of  11 
Jew  York  city  consist  ■ 


"bench"  forming  by 
r  peraons  walking  in  t 
vitrified  earthenwEire 


o  the  top  of  the  bench, 

ion  over  the  entire  wl< 
poken  of  as  "Twin  Tuc 

ype  is  found  on  tile  We 
If  the  tunnel  lining  beii 

The  genera!  aequencf 
The  operations  were  as 

1.  Laying  concrete  f 
ioor  and  foundations  ft 
Mmduits. 
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MANHATTAN  TYPES 
Aa,  13,— SeotioM  showing  »equBDoe_  of  operatUau  ta  vkdai  oMl 


2.  Wttter-pTooHng  the 

intalniug  subgrade  cduIl 

3.  B milling  concrete  wb 
18  a  middle  trench,  fillla 
4  Laying  conduits, 

G.  Laying  concrete  for  b 
6.  Building  hauDchee  tK 
7-  Building  brick  arch  a 
8.  Finiahing  back-fllltng 
The  whole  work  will  be  i 
rickwork.  Water-proofing 
Concrf  le.— The  number  ■ 
Htlng  of  the  timbering  n 
e  Manhattan  Bide,  thoug 
The  Bpeciflcationa  requ 
:BinBt  the  forma  almulti 


cine  ml» 

ture  and  conore 

u  at  first  followed  and  g 

aaion,  as 

undthai 

t  aa  good  resulta 

ithout  tl 

le  facing  mix  tun 

lien  too  rough  for  face  v 


ingnlde.  A  "four-bag" 
consisted  of  4  bogs  of  ce' 
)ne.  and  was  called  a  1 : 


11  the  purchasi 
storing  until 


id  vaa  carefully  tested  b 


i! 


_.  ^  -.*ite^'.«t'-. 


roofing  the  side-waJla,  and 
bgrade  conduits,  laying  and 
concrete  wall  for  coodnits 
trench,  filing  up  with  conci 


'aler-prooflng  and  Electric  ( 
rlie  number  of  types  and  th 
!  timbering  made  It  Inadvlsal 
naide.  though  they  were  uset 
catlona  required  a  facing  u 
□rme  almultaneonslr  with 
e  was  dry,  about  2  ins.  thlc 
ng  the  placing  by  a  eteel 
n  the  coDCi^te  reached  the  I 
e  and  concrete  were  then  tai 
Uowed  and  gave  good  resulti 
:  WeehawkeD  shaft  had  been 

good  results,  In  the  way  of 
icing  mixture  by  apading  th 
e  was  forced  back  and  the 
>rms;  this  method  wad  foll< 
rounded  off  on  a  1-in.  radiu 
ite  used  about  four  times,  i 

Joints  and  oiled  with  soap  i 
gh  (or  face  work  they  were 

was  done  by  a  No.  4  Ranso 
mixer  at  Manhattan  was  f 
the  Intercepting  arch:  that 
le  tunnels.  The  sand  and  a 
3re  led  to  the  hoppers  of  tlie  n 
into  two  sections,  which  gavi 
ively.  for  one  batSi.  The  v 
"four-bag"  batch  was  the  i 
r  4  bags  of  cement,  8)i  cu.  ft 
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The  concrete  was  to  be  machine-mixed,  except  in  cases  of  local  neoeflsity. 
The  quantity  of  water  used  in  the  mixture  was  to  be  such  that  the  ooncrete 
would  quake  on  being  deposited,  but  the  engineer  was  to  use  his  discretion  <m 
this  point .  Concrete  was  to  be  deposited  in  such  a  manner  that  the  ag^regi^es 
would  not  separate.  It  was  to  be  laid  in  layers,  not  exceeding  9  ins.  in  thick- 
ness and  thoroughly  ranuned.  When  placing  was  suspended  a  joint  was  to  be 
formed  in  a  manner  satisfactory  to  the  engineer.  Before  depositing  freah 
concrete,  the  entire  surface  on  which  it  was  to  be  laid  was  to  be  deaoed, 
washed  and  brushed,  and  slushed  over  with  neat  cement  grout.  Concrete 
which  had  begun  to  set  was  not  to  be  used,  and  retempering  was  not  to  be 
allowed  The  forms  were  to  be  substantial  and  hold  their  shape  until  tbe 
concrete  had  set.  The  face  forms  were  to  be  of  matched  and  dressed  plank- 
ing, finished  to  true  line  and  surfaces;  adequate  measures  were  to  be  taken  to 
prevent  concrete  from  adhering  to  the  forms.  Warped  or  distorted  forms  were 
to  be  replaced.  Plastering  the  face  was  not  allowed.  Rook  surfaces  were  to 
be  thoroughly  washed  and  cleaned  before  the  concrete  was  deposited.  Huso 
specifications  were  followed  quite  closely. 

A  typical  working  gang,  as  divided  among  the  various  operations,  is  shown 
below: 

Per  month 

Superintenden  ce : 

H  superintendent  at '. S2fi0 

H  assistant  engineer  at IfiO 

1  assistant  superintendent  at 150 

Surface  transport:  Per  day 

1  foreman  at $2. 60 

1  engineer  at 8. 00 

1  signalman  at 2. 00 

16  laborers  at 1. 75 

3  teams  at 7. 50 

Laying: 

1  foreman  at $i.  00 

8  laborers  at ',,,.,,     2. 00 

Forms: 

1  foreman  at $4. 50 

4  carpenters  at '. 8. 85 

5  helpers  at 2. 25 . 

Tunnel  transport: 

H  foreman  at 88. 25 

}tl  engineer  at 8. 00 

H  signalman  at 2. 00 

4  laborers  at 1. 75 

Mixers:  • 

yi  foreman  at '. $8. 85 

2  laborers  at 1. 75 

The  superintendent  and  assLstant  engineer  looked  after  the  brickwork  and 
other  work  as  well  as  the  concrete.  The  surface  transport  gang  hindM  aD 
the  materials  on  the  surface,  including  the  fetching  of  the  cement' from  the 
cement  warehouses.    " 

The  tunnel  transport  gang  handled  all  materials  in  the  tunnel,  but,  when  the 
haul  became  too  long,  the  gang  was  reinforced  with  laborers  from  the  IsTiflf 
gang.  Of  the  laying  gang,  two  generally  did  the  spading,  two  the  sproiding 
and  tamping,  and  the  remaining  force  dumped  the  ccmcrete.  The  geoBnl 
cost  of  this  part  of  the  work  is  shown  in  Table  XV. 

The  figures  in  Table  XY  include  the  various  items  buOt  into  tbe  ooncnte  and 
some  that  are  certificate  extras  in  connection  with  the  concrete,  audi  asdraltfi 
ironwork  and  iron  materials,  rods  and  bars,  expanded  meUl,  dooHp ' 
fittings,  etc. 


WaieT'PraoAng.^Aceoii  ing 
to  cooalat  of  seven  layera  of  pil 
K-IH'  l&yer  oF  mastic,  composi 
tered  over  ttie  outside  ot  tbe  i 

By  the  time  the  work  was  li 
Ciency  ol  thia  maatic  coating, 
problem  of  liow  to  apply  a  tel 
dlBlculty  wax  tliaC  tliere  was  no 
tlie  timber  and  tlie  arch  (as  t 
Ingenioua  achemea  ot  putting  i 
glee,  were  proposed  and  discu 
was  even  built  on  which  to  try 
come  the  difficulty  by  leavln 
^mply  building  in  pipes  for  g 
found  (hat  the  arch  was  wet. 

As  to  the  arch  built  througl 
New  York  side,  it  was  resolvet 
as  the  side-wc^ls  were  done, 
raised  in  a  slight  ridge  along 
throw  the  water  over  to  the  ! 
were  rather  wet.  and  groutii^ 
effect  of  stopping  large  local  1 
the  whole  surface  of  the  arch. 

Tabu  XV. — Cost  of  CohCki 

Cubic  yards  placed 

Labor: 

Surface  transport 

SuHriQ  tends  DCfl  and  eeoeral 
labor  at  point  ot  work 


Laying 

Tunnel  transport . . 
Cleaning 


ToU!  labor. 
Material: 


Field  office  administrs 

ToUI  field  charges 

Plant  deprcciadon       .  .  . 

Chief  omcG  ad  mi  Dial  rs 
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The  24-ft.  6-in.  tunnel  adjoining  the  Terminal  Station-West  was  water- 
proofed by  a  surface-rendering  method  which,  up  to  the  present  time,  has  been 
satisfactory.  Generally  speaking,  the  arches  of  the  land  tunnels,  though  not 
dripping  with  water,  are  the  dampest  parts  of  the  whole  structure  from  Tenth 
Ave.  to  Weehawken,  and  it  would  seem  as  if  some  form  of  water-proofing  over 
these  arches  would  have  been  a  distinct  advantage. 

There  was  no  difficulty  in  applying  the  water-proofing  on  the  side-walls, 
after  a  little  experience  had  been  gained  as  to  the  best  methods.  The  speci- 
fications required  the  sand-wall  to  be  covered  with  alternate  layers  of  coal- 
tar  pitch  and  felt,  seven  layers  of  the  former  and  six  layers  of  the  latter,  the 
felt  to  be  of  Hydrex  brand  or  other  equally  satisfactory  to  the  engineer.  The 
pitch  was  to  be  straight-run,  coal-tar  pitch  which  would  soften  at  60°F.,  and 
melt  at  100°F.,  being  a  grade  in  which  distillate  oils,  distilled  from  it,  should 
have  a  specified  gravity  of  1.105.  The  pitch  was  to  be  mopped  on  the  surface 
to  a  uniform  thickness  of  1-16  in.,  and  a  covering  of  felt,  previously  mopped 
with  pitch,  was  to  be  applied  immediately.  The  sheets  were  to  1^  not  lem 
than  4  ins.  on  cross-joints  and  12  ins.  on  longitudinal  joints,  and  had  to  adhere 
firmly  to  the  pitch-covered  surface.  This  layer  was  then  to  be  mopped,  aad 
another  layer  placed,  and  so  on  until  all  the  layers  were  in  place.  This  water- 
proofing was  to  extend  from  the  bottom  of  the  cable  conduits  to  the  springs 
ing  of  the  brick  arch.  Where  sub-track  conduits  were  used,  these  were  to  be 
surrounded  with  their  own  water-proofing.  The  work  was  carried  out  as 
specified ;  the  sand-walls  were  not  rendered,  but  were  built  smooth  «nnii^ 
to  apply  the  water-proofing  directly  to  them.  They  were  dried  with  gasoline 
torches  before  the  application  of  the  pitch,  and  in  very  wet  sectioos  grooves 
were  cut  to  lead  the  water  away. 

The  first  attempts  were  with  the  felt  laid  in  horizontal  strips.  This  aided 
very  disastrously,  as  the  pitch  could  not  sustain  the  weight  of  the  felt,  and  the 
whole  arrangement  slipped  down  the  wall.  The  felt  was  then  laid  vertically, 
being  tacked  to  a  piece  of  horizontal  scantling  at  the  top  of  the  sand-wall  and 
also  held  by  a  row  of  planks  braced  against  it  at  about  half  its  height.  A  layer 
of  porous  brick  was  laid  as  a  drain  along  the  base  of  the  water-proofing,  cov- 
ered by  a  single  layer  of  felt  to  prevent  it  from  becoming  choked  with  concTBte. 

The  water-proofing  of  the  sub-track  conduits  was  troublesome,  as  the  num- 
erous layers  and  the  necessity  for  preserving  the  proper  laps  in  both  directions 
between  adjacent  layers  made  the  whole  thing  a  kind  of  Chinese  puzde.  Vari- 
ous modifications  to  suit  local  conditions,  were  made  from  time  to  tlmO' 
Conduits  outside  the  general  outline  of  the  tunnel  are  difficult  to  excavate,  to 
lay,  and  to  water-proof,  and  should  be  avoided  wherever  possible. 

Table  XVI. — Cost  op  Watbb-pboopino,  in  Dollars  Pbb  Squabi  Foot 

Manhattan  Weehawken  Totil 

Square  feet  covered 47,042  13,964  60,716 

Labor $0.07  $0.07  $0.07 

Material 0. 12  0.00  O.U 

Total  field  charges $0. 19  $0. 16  $0.18 

Chief  office  and  plant  depreciation 0. 01  0.08  O.OS 

Total  average  cost $0. 20  $0. 19  $0.M 

The  usual  force  in  water-proofing  consisted  of  a  foreman,  at  tSJiO  per  di7» 
and  nine  laborers  at  $1 .75  per  day.  These  men  not  only  laid  the  water-pntf* 
ing,  but  transported  the  materials,  heated  the  pitch,  and  cut  up  tbe  roDi  tf 
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Table  XVII. — Cost  oj"  Brickwork 

Manhattan  Weehawken  Total 

Cubic  yards  placed 4 ,  137  790  4,927 

Labor : 

Surface  transport S  0. 35  $  1. 19  $  0.48 

Superintendent  and  general  labor  at 

point  of  work 0.17  0. 04  0. 16 

Laying  and  mixing 2. 58  3. 20  2. 60 

Forms:  erection  and  removal 2. 62  0. 32  3.26 

Tunnel  transport 1. 19  1. 12  1. 18 

Total  labor $6.91  $  5. 87  $  6. 76 

Material: 

Brick $6.56  $6.56  $6.66 

Cement 1.76  1.75  1.76 

Sand 0.20  0.28  0.22 

Forms 0.92  0.98  0.9S 

Overhead  conductor  pockets 0. 15  0. 00  0. 11 

Total  material $  9.  59  $  9. 66  $  9. 60 

Plant  running $  0.  55  $  0. 30  $  0. 51 

Surface    labor,    repairs    and    main- 
tenance    0. 36                   1. 30  0. 61 

Field  office  administration 0. 55                  0. 88  0. 00 

Total  field  charges $17. 96  $18. 01  $17.97 

Chief  office  administration $  0.  60  $  0.  66  $  0. 61 

Plant  depreciation 0. 35  0. 64  0. 30 

Total  average  cost  per  cubic  yard .         $18.91  $19. 31  $18. 07 

In  Table  XVIII  the  cost  of  grout  is  expressed  In  terms  of  barrels  of  cement 
used,  because  that  was  in  the  schedule  of  prices  attached  to  the  contract  as 
the  unit  of  payment  for  grout. 

Table  XVIII. — Cost  of  Grout  Over  Arches  in  Land  TuNNSLa,  nr  Dou<ab8 

Per  Barrel  of  Cement  Used 

Manhattan 
(Gy-  East 

only)               Weehawken  Total 

Barrels  used 3,000K  261M  8.282 

Labor $0. 55  $0. 46  $0. 63 

Material 2. 30  2. 25  2. 28 

Field  office  administration 0. 08  0. 06  0. 06 

Plant  and  supphcs 0. 10  0. 07  0.00 

Total  field  charges $3. 03  $2. 84  $2.98 

Chief  office  and  plant  depreciation.  0. 21  0. 22  O.SI 

Total  average  cost $3. 24  $3. 06  $8.30 

Vitrified  Earthenware  Conduits  for  Electric  Cables. — ^The  gimeral  drswlllp 
will  show  how  the  ducts  were  arranged,  and  that  manholes  were  provided  it 
intervals.  They  were  water-proofed,  in  the  case  of  those  embedded  in  the 
bench,  by  the  general  water-proofing  of  the  tunnels,  which  waacarried  down  to 
the  level  of  the  bottom  of  the  banks  of  ducts;  and  in  the  case  of  thdae  beknr 
subgrade,  by  a  special  water-proofing  of  felt  and  pitch  wrapped  around  the 
ducts  themselves. 

The  portion  of  wall  in  front  of  the  ducts  was  bonded  to  tbat  behind  by 
bonds,  mostly  of  expanded  metal,  passing  between  the  ducts.  £xamplet  ot 
the  bonding  will  be  seen  in  the  drawings. 

The  joints  between  successive  lengths  of  4-way  and  SMragr  ducta  mn 
wrapped  with  two  thicknesses  of  cotton  duck,  6  in.  wide,  fhoee-af  ringlomy 
ducts  were  not  wrapped,  but  plastered  with  cement  mortar.    Tlie  dncta  mn 
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Economy  Effected  by  the  Rogers  Pass  Tunnel. — ^The  followiog  article, 
reprinted  in  Engineering  and  Contracting,  Nov.  17,  1915,  from  the  Cornell 
Civil  Engineer  for  December,  1914  was  written  by  J.  G.  Sullivan,  Chief 
Engineer  of  the  Western  Lines  of  the  Canadian  Pacific  Ry. 

The  calculations  showhig  the  economy  to  be  attained  over  the  present 
alignment  by  constructing  the  Rogers  Pass  Tunnel  of  the  Canadian  Pacific 
Railway  are  here  given. 

The  data  to  be  taken  into  account  are  as  follows:  Present  location,  total 
distance  23. 1  miles,  revised  location  18.68  miles.  Grades  consist  on  the  present 
location,  of  16.65  miles  up  hill  for  westbound  traffic  on  maximum  grade  of  2 J 
per  cent,  6.45  miles  down  grade  same  maximiun  with  a  total  rise  of  1,726  ft. 
and  a  drop  of  692.1  ft.  with  1,860°  of  curvature  on  the  up-hill  and  1,288**  on  the 
downhill  portion  of  the  line.  The  revised  location  consists  of  16.77  miles  up 
hill  with  about  5  miles  of  2.2  per  cent  pusher  grade,  the  balance  1  per  cent  and 
a  down-hill  nm  of  1.91  miles  wit^  a  maximum  of  2.2  -per  cent  grade ;  a  total  rise 
of  1,178.2  ft.  and  a  drop  of  144.3  ft.,  with  635°  of  curvature  on  the  up-hUl 
grade  and  66°  on  the  down-hill.  The  average  traffic  for  the  years  1912  and 
1913,  which  is  made  the  basis  of  calculation,  was  1,342H  passenger  tralDB  In 
each  direction;  the  average  weight  of  the  passenger  trains,  exclusive  of  loco- 
motives, was  443  tons;  980  of  the  passenger  trains  required  pusher  engines; 
the  weight  of  the  passenger  and  pusher  engines  for  passenger  trains  was  175 
tons  each;  there  were  1,738K  freight  trains  in  each  direction  per  year;  the 
average  weight  of  the  freight  trains  eastbound,  exclusive  of  locomotives,  waa 
950  tons;  the  average  weight  of  freight  trains  westbound  was  898  tons;  all 
freight  trains  had  to  be  pushed  in  both  directions;  weight  of  freight  locomo- 
tives and  pushers,  181  tons  each.  The  tonnage  eastbound  and  westbound  waa 
as  follows: 

Eastbound 

TODB 

1 ,342H  trains  @  443  tons  each 694.727.5 

2,322      locomotives  @  175  tons  each 406,850.0 

1 , 738H  freight  trains  @  950  tons  each 1.651. 575.0 

3,477      locomotives  @  181  tons  each 620.237.0 

Total 8.281.880.6 

Westbound 

Tona 

1 ,342H  trains  @  443  tons  each 004.727.5 

2.322      locomotives  @  175  tons  each 406,860.0 

1,738K  freight  trains  @  898  tons  each 1.561.17S.0 

3 , 477      locomotives  @  181  tons  each 629,287.0 

Total 8.101.487.6 

CoMPABisoN  OP  Comparable  Factobb  Apfbctino  ths  Cost  ov  OFBBAnne 
OvEK  RoaERS  Pass,  Via  Present  Line  and  Via  Tunnbl  LnnB,  Now  Uima 
Construction,  Average  Traffic  fob  the  Yeabs  1912  and  1013 

E.  B.  tonnage  per  year,  including  weight  of  engines,  3,281,800  toiw 
Resistance  to  Overcome,  on  Present  Line 

Ft.  Fk 

Actual  rise,  G92.1  ft 802. 1 

Curve  resistance,  1,288**  X  .04  ft 51. 6 

Frictfon  resistance,  6.45  mis.  X  15  ft 06. 7 

Total 810.1 
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The  rate  at  which  traffic  has  been  increasing  would  indicate  that  shortly 
after  the  work  of  constructing  the  tunnel  was  completed  the  traffic  would  have 
doubled.  In  this  case,  if  no  further  economies  were  made  in  methods  of 
operating  this  section  of  track,  the  annual  saving  on  account  of  operating  over 
tunnel  line  would  be — 

$85,635.61  X  2  +$85,000.00  ^  $256,271.22 

In  arriving  at  the  above  figure  no  account  is  taken  of  whether  line  was  single 
or  double  track  and  for  comparative  figures  it  was  assmned  that  methods  of 
oi>eration  would  be  the  same.  Now,  as  a  matter  of  fact,  the  present  single 
track  line  with  double  the  present  traffic  would  make  the  business  too  con- 
gested for  economical  single-track  operation.  Therefore,  it  was  appaient 
that  it  was  time  to  study  the  question  of  double  tracking  the  present  line  or 
seeking  a  new  line  for  double  track.  It  was  decided  to  double  track  on  the  5- 
mile  tunnel  location.  Now  to  operate  successfully  a  5-mile  tunnel  we  will 
require  the  installation  of  an  electric  plant  and  the  purchase  of  electric  loco- 
motives. All  the  details  of  the  proposed  electrification  have  not  as  yet  been 
worked  out,  but  even  if  they  were,  the  reader  is  not  interested  in  the  detaib  of 
cost.  He  can  see  at  once  that  the  problem  was  to  find  out  if  the  cost  of  oper- 
ating and  maintaining  the  tunnel  line,  taking  into  accoimt  the  extra  costs  of 
operating  on  account  of  having  a  short  section  of  electric  operation  and  extra 
cost  of  maintaining  tracks  in  the  tunnel,  plus  the  interest  on  the  cost  of  build- 
ing the  new  double  track  line,  including  the  cost  of  electrifying  the  tunnel, 
would  be  less  than  the  cost  of  operating  and  maintaining  a  double  trade  line 
on  the  present  location  plus  the  interest  on  the  cost  of  building  the  second 
track.  The  figures  would  not  have  been  very  decisive  one  way  or  the  other  if 
not  for  the  fact  that  there  is  now  4>^  miles  of  wooden  snow  sheds  on  the  pres- 
ent location  which  will  be  all  done  away  with  on  the  new  location.  The 
maintenance  and  cost  of  renewals  of  these  sheds  cost  between  S85|000  and 
$100,000  per  year.  To  maintain  and  renew  a  double-track  wooden  shed  would 
probably  cost  at  least  50  per  cent  more  than  the  above,  so  that  with  a  saving  d 
about  $125,000  per  year  in  maintenance  and  renewals  of  snow  sheds  and  a 
calculated  saving  in  operation  and  maintenance  of  $171,271.22  on  a  traffic 
that  surely  will  be  reached  in  the  near  future,  there  was  no  doubt  as  to  tiie 
proi)er  course  to  pursue. 

As  to  the  details  of  figuring  economics  of  railway  location,  the  writer  is  wdl 
aware  that  it  is  impossible  to  devise  any  method  that  will  show  absolutely  tbe 
saving  in  cost  of  operating  one  line  over  another,  but  he  beUeves  that  the 
method  herein  followed,  namely,  that  of  comparing  cost  of  fuel  on  the  basil 
of  work  done  rather  than  on  a  train-mile  or  any  other  unit,  is  much  more  logicd 
and  will  give  more  reliable  results  than  other  methods  that  have  been  followed. 
The  train  mile  is  po.ssibly  the  best  unit  for  comparison  in  cost  of  wages  and  fat 
cost  of  maintenance  of  equipment.  In  figuring  maintenance  of  way  a  fixed 
sum  should  be  taken  plus  a  rate  per  daily  train  rather  than  a  fixed  rate  akMM 
per  train  mile,  for  the  reason  that  a  certain  amount  of  expense  must  be  incumd 
regardless  of  whether  trains  are  run  or  not.  The  fixed  sum  of  $200  per  mile 
taken  in  this  problem  is  probably  about  one-half  the  actual  sum  that  would  be 
assumed  if  the  entire  cost  of  maintenance  was  to  be  incduded  In  this  fixed  bod 
per  mile  plus  the  rate  per  train  mile  for  the  reason  that  cost  of  wii^infamMiiw 
of  terminals  and  other  items  are  not  affected  by  the  detaOa  of  locatkw 
between  fixed  tenninals. 
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CHAPTER  XXI 
BANK  AND  SHORE  PROTECTION 

In  this  chapter  are  given  the  methods  and  costs  of  constructing  certain 
structures  for  preventing  erosion  to  river  banks  and  also  similar  data  in  regard 
to  the  construction  of  breakwaters  of  various  types.  Further  referenoes* 
giving  costs  of  bank  and  shore  protection  may  be  found  in  Gillette's  Handbook 
of  Cost  Data. 

Costs  of  Brush  Mattresses. — The  following  statements  of  methods  and 
costs  are  compiled  from  various  portions  of  the  Report  of  the  Chief  of  Engi- 
neers, U.  S.  A.  for  1910-11  and  are  printed  in  Engineering  and  Contracting. 
Nov.  13,  1912. 

Hopefield  Bend,  Ark. — The  work  done  during  the  year  comprised  3,605 
squares  of  mattress  and  11,332  sq.  yds.  of  paving.  The  cost  of  the  mattress 
work  was  as  follows: 

Strand  H  in.,  1,664  lbs $         46.  80 

Strand  Me  in.,  6,311  lbs 160.30 

Strand  K  in.,  19,027  lbs 623.  24 

Wire  No.  12,  8,896  lbs 196.  71 

Staples,  950  lbs 19. 96 

Clips  H  in.,  156 3. 92                 i 

CUps  Ke  in.,  1,894 - 136.37                ! 

Brush,  5,632  cords 9.287.  82 

Stone.  4,009  cu.  yds 6,482. 82 

Steamboat  exi>ense 1 ,  836. 00 

Labor,  subsistence  and  supervision 11,824.  66 

629,517.50 

No.  of  squares 3 ,  505. 0 

Cost  per  square S  8. 42 

Cords  of  brush  and  poles  per  square 1. 60 

Cu.  yds.  of  stone  per  square 1. 14 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 712 

The  cost  of  grading  2,265  lin.  ft.  of  bank  involving  33,200  cu.  yds.  wua> 

follows : 

Coal,  etc S     281. 00 

Ijabor,  subsistence  and  supervision 1 ,736. 00 

Total $2,017.00 

Cost  per  lin.  ft S         0. 89 

Cost  per  cu.  yd 0. 061 

The  cost  of  paving  2,265  lin.  ft.  of  bank  or  11,332  sq.  yds.  of  paving  wu  If 
follows : 

Stone,  3,342  cu.  yds 64.162.99 

liabor,  subsistence  and  supervision .'     3, 170. 00 

67,882.99 

Cost  per  lin.  ft S         8. 88 

Cost  per  s<i.  yd 0. 647 

Cu.  yd.  stone  per  sq.  yd.  paving 0.29 
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CoNXECTiNO  MAiTBiiBsxs,  Nos.  17  TO  26,  Inclubiyb,  2,542  Squabis 

strand,  H  in.,  1,817  lbs $         47.  24 

Strand,  Me  in-  7,287  lbs 179. 99 

Strand,  K  in..  14,560  lbs 398.  94 

Wire,  No.  12,  7,862  lbs 172.  96 

Staples,  725  lbs 15.  23 

Clips,  H  in.,  223 5.  80 

CUps,  He  in.,  2,126 101.39 

Brush  and  poles,  3,790  cords 6,253. 50 

Stone,  3,241.45  cu.  yds 3.835.28 

Steamboat  expenses 2, 135. 28 

Labor,  subsistence  and  supervision 9,666. 06 

Total 122,811.67 

New  work 2, 291  squares 

Repair  work 251  squares 

Cost  per  square S8. 96 

Cords  of  brush  and  poles  per  square 1 .  49 

Cu.  yds.  of  stone  per  square 1. 28 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 81 

The  bank  grading  amounted  to  51,617  cu.  yd.  for  new  work  and  6,268  cu. 

yds.  for  repair  work,  or  a  total  of  57,885  cu.  yds.,  and  its  cost  was  aa 

follows: 

6,492  bus.  coal $       714. 00 

Labor,  subsistence,  and  supervision 3 ,  318. 00 

Total $  4,032.  00 

Cost  per  Un.  ft.  (new  wof k) . ". $  1.  50 

Cost  per  cifc  yd 0. 0096 

The  bank  paving  with  stone  amounted  to  25,225  sq.  yds.,  of  which  3,772 
sq.  yds.  were  repair  work.    The  cost  of  this  paving  was  as  follows: 

Stone,  6,352  cu.  yds $11,546.  00 

Steamboat  expense 1 ,  500.  00 

Labor,  subsistence,  supervision,  etc 7,617.  00 

Total S20.563.00 

Cost  per  sq.  yd $  0. 815 

Cost  per  lin.  ft.  (new  work) 0. 22 

Cu.  yds.  of  stone  per  sq.  yd 0. 25 

The  amount  of  concrete  paving  was  5,196  sq.  yds.,  or  a  strelch  at  bank  600 

ft.  long  and  93>^  ft.  wide;  its  cost  was  as  follows: 

Gravel,  631  cu.  yds , $         441. 70 

Cement,  1,702  sacks 765.90 

Coal,  438  bushels 48. 18 

Wire,  Pittsburgh  fence,  49,500  sq.  f t 245.  08 

Lumber : 26. 00 

Labor,  subsistence  and  supervision 926. 76 

Total $     2,4A2.56 

Cost  per  sq.  yd $  0. 472 

Cost  per  lin.  ft 4.005 

Cu.  yds,  of  gravel  per  sq.  yd 0. 12 

Sacks  of  cement  per  sq.  yd 0. 88 

A  summary  of  the  total  cost  follows: 

Total  field  cost 8115,874.68 

Office  expense 2,200.86 

Surveys 478. 60 

Care  of  plant 3,088. 78 

Repairs  to  plant 14 .  741. 57 

Depreciation  of  plant 18,879. 66 


Total  cost $140,768.60 


J 
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Chahhbl  Mat  No.  10 
(903  ft.  long  by  2S0  (t.  Hide,  2,25T.S  squuei) 

Strand,  H  in..  12,931  llu S  M5.95 

Stnnd,  M,  in.,  S.SSfi  lbs 141. 13 

Strand,  ii  in.,  14,618  lbs 401. M 

Wire.  No.  13,  S,350  lb« 139.70 

m™,  dUoon  bronie,  704  Iba 142.91 

ataplea,  450  lbs 9.4S 

Caipe,  Win.,  449.. 11.27 

Clips.  J{j  in..  644 18,78 

Bnuh  and  polo,  3,580  conb 6,184.14 

Btone,  1,825  on.  yds 2,924.72 

Steambost  eipense 1,400.00 

Labor,  subsistence  and  supcrvinon  9,000.29 

Total 819,740.23 

Cost  per  Un,  ft »         21.88 

Cords  of  brush  and  pol«  per  lin.  ft. ............. ..  8.97 

Cords  of  brush  and  poles  per  square.. 1.60 

Cu,  yds.  of  stone  par  Un.  ft 3.031 

Cu.  yds.  of  stone  per  square, 0.808 

Cu.  yds.  of  Btone  pel  eoid  ol  bnuh  and  poles 0. 608 


CoHHBCTiHO  Mm  Nos,  2S  TO  2S,  iHCLuam,  S73  Squabbi 

n..701bs (         1.98 

in,,  3,396  lbs. 60.83 
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2,  1,700  lbs 87. 40 

lbs a.ia 

.36 1.40 

I.,  860 8.10 

lolee.  8,677  cords 1,214.  7S 

u.  yds 977.08 

Steamboat  eipense BBO.OO 

Labor,  Bubsist«ace  and  supervision 3,801. 84 

Totsl 85,»4«^«4 

Coet  per  square $        9. 88 

Cords  of  brush  and  polea  per  square 1. 61 

Cu.  yds.  of  Btone  per  square 0.01 

Cu.  yds.  of  atone  per  cord  of  brush  and  poles 0.60 
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2.642  Bquares  ehannel  mat,  at  $8.4257 S22.260.63 

652  squares  pocket  mat,  at  $6.9897 4 .  557. 28 

1473  squares  bank  paved,  at  $6.8063 7,983. 77 

309  squares  revetment,  at  $6.4986 2,008.06 

63  days'  towin«.  at  $58.31 3.673.77 

1,287  En.  ft.  hydraulic  grad'g.  at  $1.9254 2,478. 10 

1.287  an.  ft.  hand  grading,  at  $0.477 614.05 

Hur^ervision 393. 75 

TrariAprjrtation  of  labor 706. 80 

Enginrror  office  charges 727. 74 

Hire;  of  bargee,  etc 5,332. 86 

Loading  stoiir; 944.10 

Total 851. 680.80 

Albemarle  Bend,  Mist. — The  work  carried  out  here  is  designed  to  prevent 
further  caving  in  thi.s  bend,  where  this  action  has  progressed  for  a  great  many 
years,  destroying  many  levees  and  involving  large  expenditures  for  new  onet. 
During  the  past  four  years  the  bank  has  been  eroded  at  the  rate  of  about  500 
ft.  per  year.  The  approved  project  contemplated  the  construction  of  about 
10,000  ft.  of  revetment,  and  work  was  begun  in  August,  1910,  and  during 
the  period  Aug.  17.  1910,  to  Mar.  3,  1911,  11,650  ft.  of  revetment  were  con- 
structed, located  so  as  to  cover  the  zone  where  the  caving  had  been  most  active 
for  several  years  pa.st.  Since  the  completion  of  the  work  the  main  force  of 
the  current  has  been  changed,  so  that  it  now  strikes  the  bank  along  the  lower 
third  of  the  completed  revetment. 

Tt^e  work  was  done  by  forces  from  three  engineer  districts,  but  the  report 
gives  details  for  one  district  force  only,  and  these  follow. 

The  grading  was  unusually  heavy,  due  to  the  old  levee  near  the  edge  of  the 
bank,  which  had  to  be  cut  in  several  places  for  the  mat  cables  to  pass  through. 
It  was  necessary  to  wash  a  large  portion  of  this  levee  into  the  river  and  then 
regrade  the  bank,  fully  one-half  of  the  bank  having  to  be  graded  a  second  time 
for  this  reason.  Brush  and  poles  for  the  revetment  work  were  obtained  under 
contract.  Stone  was  procured  from  the  reserve  at  Greenville;  from  contract 
delivery  on  the  bank  at  Greenville,  loaded  on  barges  at  Yicksburg,  and 
delivered  at  the  different  revetments  on  contractors'  barges. 

On  account  of  lack  of  f  amiUarity  with  this  portion  of  the  river  and  dilBculty 
in  obtaining  a  suitable  willow  bar,  mattress  construction  was  somewhat  slow. 
A  sudden  rise  of  the  river  and  the  caving  in  of  one  set  of  ways  tended  to  delaj 
the  work  and  to  increase  the  cost,  as  did  also  the  neoMslty  of  bringing  some 
of  the  brush  by  barges  from  a  considerable  distance.  The  field  cost  wm  •■ 
follows: 

00,230  ft.  B.  M.  3  X  6  in.  lumber $  1,308.66 

140,000  ft.  B.  M.  2  X  4  in.  lumber 2,170.00 

2,000  ft.  B.  M.  miscellaneous  lumber 81.00 

6 ,  000  lbs.  9-in.  steel  wire  nails 138. 00 

16,600  lbs.  0-in.  steel  wire  nails 348. 60 

5,000  lbs.  4-in.  steel  wire  nails 105.00 

3, 500  lbs.  No.  12  galvanized  wire 83. 36 

4,100  cords  brush 6,888.63 

10.000  9-in.  treenails 28. 80 

40,000  6-in.  treenails 107. 30 

Stoaniorn  and  tugs 1,886.00 

Miscellaneous 40.  60 

Provisions 1,318. 58 

J*ay  rolls,  services 6.871.06 

Total $18jJ64. 17 

S(|.  ft.  of  mattress  built 3B4.680 

Cost  per  sq.  ft.  for  construction .,«««« i  •  8    0, 04959 
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A  total  of  129,121  sq.  ft.»  covering  1,635  lin.  ft.  of  bank,  was  paved.  Tbe 
cost  was  as  follows: 

Steamers  and  tugs $      877. 00 

1,271.19  tons  of  rock,  at  $2.40 3,050.86 

1,271.71  tons  of  rock,  at  $2.32 2,950.37 

437. 04  tons  of  rock,  at  $2.26 983. 34 

896  tons  of  rock,  at  $1.93 1 ,729. 28 

Miscellaneous 85. 00 

Provisions 441. 62 

Pay  rolls,  services 1,606.95 

Total $11,970.42 

Cost  per  sq.  ft.  for  paving $      0.  0919 

Clearing  the  bank  of  logs,  etc.,  preparatory  to  grading  cost  $375.30. 

Rock  for  this  work  was  obtained  from  various  sources  and  at  various  prices. 
A  total  of  6,837  tons  was  used,  of  which  3,807  tons  was  obtained  under  corn- 
tract  delivered  on  barges  at  Yicksburg,  Miss.,  1,758  tons  delivered  on  barges 
in  Albemarle  Bend,  and  1,272  tons  purchased  in  open  market,  delivered  on 
railroad  cars  at  Yicksburg,  Miss.  The  lack  of  rock  at  times  delayed  the  woric 
and  increased  its  cost. 

The  same  plant  was  used  in  Albemarle  Bend  as  was  operated  at  Reid- 
Bedford,  and  the  actual  expense  of  moving  it  upstream  about  40  miles  was 
not  very  great,  but  has  been  prorated  with  the  Reid-Bedford  woric  and 
assiuned  to  be  $1,500. 

The  cost  of  such  survey  work  aa  was  necessary  to  the  location  and  pladiig 
of  the  revetment  was  $129.      • 

The  total  length  of  completed  revetment  placed  by  the  district  force  men- 
tioned above  was  1,615  ft.,  and  the  summarized  cost  was  as  foliows: 

Const,  of  mattress,  incl.  3  sets  ways $18,364. 17 

Sinldng  of  mattress 13,437.  76 

Grading  bank 2,046.  66 

Paving  bank 11 ,970. 42 

Clearing 375.  30 

Installation,  estimated 1,500.00 

Surveys 120. 00 

Miscellaneous 62. 00 

New  plant,  manila  rope,  etc.,  estimated. . . , 2,000.00 

Total  field  cost $49.884. 19 

Total  field  cost  per  lin.  ft.  completed  revetment ...   $         30.  80 

A  summary  of  the  unit  and  total  costs  of  work  done  by  the  two  other  district 
forces  which  were  engaged  at  Albemarle  Bend  is  as  follows: 

27, 172  squares  channel  mat,  at  $7.851 $213,206. 86 

4,960  squares  connecting  mat,  at  $9.089 45,070. 60 

5 ,  468  squares  bank  paved,  at  $9.897 64 ,  120. 00 

32  squares  revetment,  at  $7.207 230.  64 

8 ,  550  lin.  ft.  slope  dressed,  at  $0.497 4  ,  264 .88 

12  acres  bank  cleared,  at  $135.47 1,026. 68 

3,000  lin.  ft.  ditching,  at  $0.068 202. 47 

11,000  lin.  ft.  hydr'lic  grad'g,  at  $1.190 12,310.07 

200  days*  towing,  at  $173.914 ; . .  34,782. 71 

Outfitting 071.42 

Inspection 3, 181. 70 

Super\'ision 4 ,  737. 62 

Property 10,426.01 

Transportation  of  labor 8,000. 81 

Rent  of  barges 7, 134. 28 

Engineer  office  charges 1 ,600. 00 

Sundries 17,T08.74 

Total $414,848.82 
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to  be  griven  as  a  separate  item,  and  is  therefore  included  in  the  cost  of  constnio- 
tion  and  sinking. 

The  work  of  sinking  was  somewhat  difficult.  On  account  of  the  swift 
current  three  tow  boats  were  required  to  handle  the  plant  and  mattiesBes. 
At  times  the  current  attained  a  velocity  of  8  ft.  per  second.  No  disasten 
occurred,  but  the  cause  stated  made  the  work  of  placing  mattreBses  slow  aod 
expensive.    The  total  field  cost  was: 

4,289.93  tons  rock $  0,661.09 

Lumber,  wire,  nails,  etc 588.  66 

Steamers  and  tugs 4, 877.  00 

Miscellaneous 104.  47 

Provisions 2,022.  21 

Pay  rolls,  services 7,238.  81 

Total S24.582.  24 

Total  sq.  ft.  mattress  sunk 573.  000 

Cost  per  sq.  ft.  to  sink S     0. 04280 

Summarizing  the  field  cost  of  construction  and  sinking  of  mattresses  in 
place  we  have : 

Construction  of  mattress  per  sq.  f t $0, 04324 

Sinking  of  mattress  per  sq.  ft 0. 04289 

Total  field  cost  per  sq.  ft 90. 08613 

The  grading  consisted  of  2,082  lin.  ft.  of  new  work  and  of  1,017  lin.  ft.  of 
regrading;  it  cost  as  follows: 

Grading $4,960. 14 

Re-grading 1 ,814. 07 

Total S6 ,  764.  21 

Cost  per  lin.  ft.  to  grade $         2.  83 

Cost  per  lin.  ft.  to  re-grade 1. 78 

A  total  of  119,066  sq.  ft.  covering  1,750  lin.  ft.  of  bank  was  paved  on  the 
extension  of  revetment  and  31,169  sq.  ft.,  covering  565  lin.  ft.  on  the  r^Mtn 
to  work  placed  in  previous  years.    The  cost  was  as  follows: 

Steamers  and  tugs $       703. 16 

2,106.36  tons  of  rock,  at  $2.25 4,730.81 

1 ,  193.  68  tons  of  rock,  at  $2.32 2,760. 84 

Miscellaneous 51. 00 

Provisions 887. 58 

Pay  rolls,  services 2 ,  388. 40 

Total $11,588.87 

Cost{  per  sq.  ft.  to  pave $         0. 077 

Kempe  Bend,  La. — During  the  year  the  upper  revetment  was  extended 
upstream  900  lin.  ft.  and  the  lower  revetment  downstream  2,373  lin.  ft.  Tbe 
upper  bank  along  the  lower  extension  was  graded  and  1,439  lin.  ft.  was  paved. 
The  timber  along  the  bank  between  the  upper  and  lower  revetments  was  cut 
to  prevent  its  caving  in  and  obstructing  future  work.  Mat  CMUtnictioo 
cost  $28,919  for  882,300  sq.  ft.  or  about  3.27  cts.  per  square  foot.  Tbe  mats 
had  to  be  towed  50  miles  and  the  cost  was  as  follows: 

Tug  "Tuniaca,"  6  days,  at  $29 $     174. 00  '! 

Tug  "Marengo,"  30  days,  at  $26 780. 00  ! 

Steamer  "Tensas,"  15  days,  at  $24 860. 00 

Total $1,814.00  .' 

Total  sq.  ft.  towed 882,800  -I 

Cost  per  sq.  ft $0.001480  - 
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The  item  of  20,000  cords  of  brush  given  in  the  forgoing  table  is  analysed 
as  follows : 

Cutting  and  piling,  building  roads,  etc $11  >  273.  69 

Transportation  to  ways 8,467.  68 

Privilege  of  cutting  brush 934.  70 

Total $20,676.  07 

Cost  per  cord  delivered  at  ways $       1.  0338 

Six  sets  of  ways  were  built  and  their  cost  is  included  in  mattress  constmo- 
tion.    Of  the  six  sets  the  cost  of  only  four  was  kept  in  detail,  as  follows: 

Lumber  and  nails $610.  00 

Labor  and  superintendence 380.  75 

Total $990.  75 

Average  cost  of  four  sets,  each $247.  69 

The  expense  of  towing  lumber  and  other  materials  for  mattress  constiuD- 
tion  has  been  added  and  is  included  in  the  cost  of  such  materials  delivered  tt 
the  site  of  the  work.  The  cost  of  towing  mattresses  from' the  places  where 
they  were  built  to  New  Orleans  is  given  below.  A  total  of  1,960,000  sq.  ft.  of 
mattress  was  towed,  of  which  505,500  was  from  Halpino  bar,  390  mfllei; 
315,000  from  Warrenton  bar,  360  miles;  300,000  from  Kempe  Island,  316 
miles,  and  839,500  from  Palmetto  bar,  237  miles.    The  cost  was  as  follows: 

Steamer  "Ramos,"  single  crew,  11  days,  at  $35.50....  $    370.50 

Steamer  "Ramos,"  double  crew,  43  days,  at  $58 2,494.  00 

Steamer  "Plaquemine,"  double  crew,  68  days,  at  $65. . .     4,420.  00 
Tug  "Morganza,"  single  crew,  15  days,  at  $30.50 457. 50 

Total $7,751.  00 

Average  cost  per  sq.  ft.  for  towing $  0. 00395 

With  the  exception  of  some  slight  difficulties  caused  by  the  high  stage  of  the 
river  at  which  some  of  the  mattresses  were  sunk,  work  proceeded  in  a  loutlnB 
manner.     The  detailed  cost  was  as  follows: 

13,644.02  tons  rock $27,393.  67 

Lumber,  wire,  wire  nails,  etc 917. 66 

Steamers  and  tugs 3 ,  473. 50 

Miscellaneous 153. 45 

Provisions 3, 500. 43 

Pay  rolls,  services 9 ,  153.  67 

Total $44,792.28 

Cost  per  sq.  ft.  to  sink $     0. 02285 

Summarizing  the  field  cost  of  construction,  towing,  and  sinking  of  mattzeani, 

we  have: 

Construction  of  mattress,  per  sq.  ft $0. 08470 

Towing  of  mattress,  per  sq.  ft 00395 

Sinking  of  mattress,  per  sq.  ft 02286 

Total  field  cost  per  sq.  ft.  in  place $0. 06160 

Proposals  for  furnishing  13,000  tons  of  rock  were  opened  Nov.  6,  1910,  and 
contract  awarded  for  delivery  on  railroad  cars  in  New  Orteaas  at  $1.90  per  too. 
The  cost  of  transferring  from  cars  to  barges  was  25  cts.  per  ton. 

A  summary  of  the  New  Orleans  work  is  as  follows:  A  total  of  7360  lin.  ft 
of  revetment  was  constructed,  of  which  2,765  lin.  ft.  on  the  Gretna  Fnut  ini 
300  ft.  wide;  3,075  ft.  in  the  Carrollton  Bend  was  200  ft.  wide;  and  075  and4S5 
**  in  the  third  district  reach,  respectively,  300  and  200  ft.  wide.    Ittto  milk 
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>t  boiirda  should  be  4,  6  uid  8  Ins.    Boards  of  iem 

i«nt  In  strength  uid  tbose  of  greater  width  thaa 
Sins,  leave  too  large  sp&cee  ajid  a  consequent  waste  of  small  rock.  If  thestuid' 
ard  plan  ot  making  the  siiace  equal  to  the  width  of  board  Is  adhered  to.  Ths 
length  of  boards  ia  an  important  factor  io  the  coat,  for,  the  longer  the  boftrdg. 
the  less  cross  pieces,  leas  nailing,  less  hnjiilllng  and  moving  of  waySi  but  this 


Fio,  2. — Standard  lunibei  mat  for  shore  protection.  Upper  Miarilripiri  Rinr 

advantage  may  be  wholly  or  in  part  offset  by  the  Incieued  coat  of  the  loaggr 
lumber.     With  brush  at  21  eta.  per  yd,,  we  can  afford  to  pay  tl4.44  per  M.  R. 

Cmt  per  lin.  ft.  nails  in  20  ft.  lumber  mat tO.OOB* 

Labor  <-c»t  per  Kii.  ft.  buHding  20-lt.  lumber  mat 0.  MIS 

Labor  i^ost  per  tin.  ft.,  siukint  2D-[t.  lumber  mat 0.0S63 

■0.070B 

Coetpertin.lt.  of  20-tt.  brush  mat  in  place O.OSBS 

Cost  per  liu.  ft.  of  20-ft.  brush  mat  in  place ai>:tS30 

Available  for  lumber )0.  SOU 

At  14  ft.  per  lin,  ft.  this  Is  equivalent  to  *14.44  per  M. 

In  a  20  ft.  mat  there  are  14.U  ft.  B.  M.  of  lumber  or  0.88  eu.  yd.  tnudiptf 
IId.  ft.  It  waa  ^o  found  tbst  within  practical  limits  an  looaMM  n(  1  tt.  It 
length  warrants  paying  1 1.2 5  more  per  M.  for  the  lumbar.  Ths  actual  aaiM 
In  lUJ2of  4. Sets,  per  Un.  ft.  of  mat  amounted  to  tUl.U  for  ttaa  13,830  R.<< 
lumber  mat  built  In  the  vicinity  of  Hannibal.  Mo.  Tbara  mt  tiao  m  mtH 
on  the  barges  aa  only  two  were  required  tor  tba  lumber  nrrkw,  iAU»  to  taM 
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form  of  brush  mattress  construction  was  made  which  consisted  In  pftTingftc 
upper  bank  with  a  4-in.  layer  of  reinforced  concrete  slabs  instead  of  bnta 
stone,  and  the  protection  of  subaqueous  willow  mattress  for  about  10  ft.  wldA 
from  the  shore  edge  with  reinforced  concrete  blocks  connected  to  the  tM 
upper  pavement. 

The  plant  used  on  the  work  consisted  of  the  followingr:  One  double-dedB' 
quarterboat  with  a  capacity  of  housing  from  60  to  70  laborers  and  iiiBLf—7 
foremen,  1  hydraulic  grader,  1  mattress  barge,  1  barge  for  concrete  nd* 
plant,  6  material  barges,  and  1  tow  boat.  The  working  plant  was  siqipfc- 
mented  by  an  8-in.  suction  pump,  installed  on  a  material  baiige,  for  procmfeV 
gravel.    The  value  of  this  plant  is  estimated  at  $60,000. 

The  principal  material  used,  which  was  procured  locally  and  deUwredfeV 
barge,  consisted  of  willow  brush  at  $1.60  per  cord;  stone  at  S0.G8  percnbh 
yard,  and  sand  and  gravel  at  $0.08  per  cubic  yard;  manufactured  matcfU 


^ytf/K  strand ^y*^ 
e*/«-6ans       ~v^^ 

^^/k  wire  ■f*ndn^  ••  Zl  V/ofe 


Jfktnt^art/  H.^   Water 


?yrTO^' 


^ ^?^:3r!?2a^jft»?^-.— -..-_. 


Fia.  3. — Cross  section  of  combination  concrete  and  willow  xnattreai. 


delivered  by  freight  coiLsiated  of  3^-in.  galvanized  strand  at  S0.71  per  linfy 
foot;  50-in.  galvanized  woven  fence  wire,  for  the  paving,  at  SO.OO  perUnetf 
foot;  22-in.  fence  wire,  for  blocks,  at  $0.03  per  linear  foot;  lumber,  for  fbDH 
at  $22  per  M.  13.  :M.,  and  Portland  cement  at  $0.76  per  barrel  (f.  o.  b.  ftetoiT). 

The  bank  is  graded  by  the  hydraulic  method  to  1  on  3,  whidli  gl-ves  aki^T*^ 
of  slope  from  42  to  'A  ft.  according  to  height  above  standard  low  water,  iriddi 
also  determines  the  length  of  a  slab. 

After  the  bank  is  graded  the  continuous  mattress,  86  ft.  wide,  is  wotco  d 
bar-growth  willows,  from  >^  to  2  in.  in  diameter  at  the  butt  end  and  lOtotf 
ft.  long.  The  header,  about  12  in.  in  diameter,  is  formed  by  lapped  bundki 
of  willows  bound  together  to  the  desired  ^^idth  of  mattress,  by  9^ -In.  ftiud. 
The  stitch  is  then  started  by  inserting  single  willows  into  the  bundle  at  M 
angle  of  about  45°,  from  one  end  of  the  header  to  the  other;  then  the  ivHlovi 
are  inserted  at  the  same  angle  to  the  reverse  direction,  the  last  willow  inpatrf 
being  on  top.  This  makes  the  weaving  of  a  continuous  over  process,  the  stitch 
having  an  over  and  under  appearance.  The  wiUows  aie  placed  In  nA 
numbers  and  closeness  of  weave  as  to  make  a  mattress  12  in.  thid^  Al  ^ 
weaving  progresses  a  selvage  is  made  along  each  side  of  the  mattreM  by  tuB* 
Ing  in  the  tops  of  the  outer  willows,  or  an  equally  good  selvtge  OmowBWiJB 
"  sidewalk")  is  made  by  platting  willows,  longitudinally  along  Xtm 
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Bates  Island  Bend:  The  cost,  per  square  (100  sq.  ft.)  of  the  comideted 
concrete  paving  of  upper  bank,  was  $6.59;  and  of  subaqueous  work,  was  $4.65, 
of  which  $2.31  was  cost  of  mattress,  $1.34  the  cost  of  concrete  blocks,  and  $1 
the  cost  of  ballast.  The  quantities  and  unit  costs  of  materials  for  each  square 
were  approximately  as  follows: 

Upper  bank  work — 

Grading,  33  cu.  yd.  at  $0,025  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yd.  at  $4.52  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .6  cord,  at  $1.50  per  cord  on  barge. 

Stone  for  ballast,  .8  cu.  yd.,  at  $0.67  per  cubic  yard  on  barge. 

Concrete  blocks,  24,  at  $0.28  each. 

Strand  for  mattress,  9.2  lb.,  at  $0,085  per  pound. 

Clips  for  mattress,  3  lb.,  at  $0.06  per  pound. 

Marthasville  Bend :  The  cost,  per  square  (100  sq.  ft.)  of  the  completed  uppa 
bank  paving,  was  $7.17;  and  of  subaqueous  work,  was  $4.86,  of  which  $2.12 
was  cost  of  mattress,  $1.70  the  cost  of  concrete  blocks,  and  $0.05  the  cost  of 
ballast. 

The  quantities  and  unit  costs  of  materials  for  each  square  were  H>prQixi- 
mately  as  follows: 

Upper  bank  work — 

GIrading,  33  cu.  yd.,  at  $0,046  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yd.,  at  $4.57  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .7  cord,  at  $1.58  per  cord  on  barge. 

Stone  for  ballast,  .7  cu.  yd.,  at  $0,603  per  cubic  yard  on  baige. 

Concrete  blocks,  25,  at  $0,313  each. 

Strand  for  mattress,  9.2  lb.,  at  $0,085  per  pound. 

C^lips,  .3  lb.,  at  $0.06  per  pound. 

Dewey  Bend:  The  cost,  per  square  (100  sq.  ft.)  of  completed  upper  bank 
paving,  was  $6.55;  and  of  subaqueous  work,  was  $5.80,  of  which  $2.69  wi> 
cost  of  mattress,  $1.69  the  cost  of  concrete  blocks,  and  $1.42  the  cost  of  ballast. 

The  quantities  and  unit  costs  of  materials  for 'each  square  were  approxi- 
mately as  follows: 

Upper  bank  work — 

Grading,  29  cu.  yd.,  at  $0,048  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yds.  at  $4.08  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .56  cord,  at  $1.96  per  cord  on  barge. 

Stone  for  ballast,  .86  cu.  yd.,  at  $0.86  per  cubic  yard  on  barse. 

Concrete  blocks,  25,  at  $0.21  each. 

Strand  for  mattress,  9.2  lbs.,  at  $0,085  per  pound. 

Clips  for  mattress,  .3  lb.,  at  $0.06  per  pound. 

Concrete  Slab  for  Bank  Protection. — Where  the  bottom  consists  of  material 
not  wti.shable  by  the  force  of  the  current,  concrete  has  been  sucoeaafully  used 
on  the  Southern  Pacific  Ry.  for  protection  of  their  fills. 

Engineering  and  Contracting,  Feb.  14, 1912,  gives  the  following  data  QQiudi 
a  protection  (Fig.  4; .  The  slab  is  6  ins.  thick  and  is  reinforced  at  the  center  with 
wire  netting.  In  one  case  where  it  was  put  on  a  new  fill  which  settled  badl7t 
the  concrete  did  not  pull  apart  and  did  not  allow  the  water  to  wash  the  fllL 

A  slab  containing  376  square  yards  was  constructed  as  foUows:  The  btnk 
was  sloped  IH  to  1,  and  12  X  18  in.  trench  was  dug  along  the  foot  of  tbt 
slope.     This  trench  was  filled  with  concrete  embedding  the  ends  of  the  itllpi 
of  mesh  reinforcement.     A  strip  of  reinforcement  was  then  stretcdied  tq>4Mik  J 
and  its  edges  were  clamiK'd  by  forms  as  shown  by  Fig.  4.     Braces  diiftf 


1448  HANDBOOK  OF  CONSTRUCTION  COST 

The  work  waa  done  by  a  gaag  of  elaven  man  working  10  IioiirH  per  daj  it 
tbe  following  doily  wages:  One  foieman,  (4.50;  one  concrete  mason.  93.2S; 
six  luboieis,  eacb,  (2.25,  and  three  laborers  at  (2.S0. 

Coat  of  RiprappiDc  EmbankmBiil  with  Wiie  Bags. — The  followliig  i> 
abatracted  by  Engineering  and  Contracting,  Feb.  12.  1919,  from  an  account 
by  L.  E.  Foster  In  tbe  Reclamation  Record. 

On  certain  work  the  toe  of  an  embankment  bad  to  be  piotecl«d  agalnit 
water  velocities  of  from  H  to  16  sec.  ft.  Wire  bags  were  used,  composed  of  two 
15  ft.  sections.  5  ft.  wide  and  two  5  ft.  sections,  ZH  ft.  wide,  sewed  togetbd 
with  No.  12  wire.  Ties  were  at  e-in.  intervals.  Galvanized  wire  was  used. 
The  weight  of  wire  per  bag  was  70  lb.    The  capacity  of  the  bag  was  4.81 


ptasiDg  wire  b*aa,  aod  detaiii  ol 


The  bag  material  waa  cut  and  aewed  in  the  shop  into  the  developed  fsmi 
shown  in  the  right-hand  comer  of  the  drawing,  then  folded  together  flat,  and 
hauled  to  the  work.  The  bags  were  then  sewed  Into  rectangular  fonn  with 
the  Ud  loose.  The  bags  were  set  in  a  horizontal  row  in  place  and  fllled  direcUf 
from  the  rock  wagons.  The  labor  of  flning  the  irags  proved  to  be  Icoa  than  to 
lay  riprap  of  the  same  thickness. 

Care  was  taken  to  liav-e  uU  rock  next  to  the  wire  meeh  of  greater  dlmendora 
tlien  G  by  6  In,  Since  this  Is  u  relatively  small  sized  lock,  mucli  rocQc  la  anil- 
able  for  bug  work  and  would  be  loo  small  for  riprap. 

After  the  bags  wen'  level  full  the  top  was  cloeed  down  ami  sewsd  mcanij 
on  the  front  and  two  sides.  The  bags  were  also  tied  to  each  other  alone  "M" 
edges.  thiiM  forming  a  continuous  mat.  Quarrying  and  loading  on  tUa  ]cb 
was  charged  to  another  feature  as  excavation. 

Besides  tlie  181  bags  placed  on  spillway  No.  1.  78  bag*  wan  plaoad  H  pto- 
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The  storms  of  many  years  had  beaten  the  old  enrockment  into  a  compact 
mass,  such  that  it  would  have  been  impossible  to  drive  piles  into  it,  and  fort 
tramway  it  would  have  been  necessary  to  place  a  portion  of  the  piles  of  eadi 
bent  in  the  sand  to  give  it  any  lateral  stability. 

The  estimated  cost  of  a  suitable  trestle  is  as  follows: 

Six-pile  bents  14  feet  apart  with  two  lines  of  10  by  18-in.  stringers  under 
each  rail  and  6  by  8-in.  ties.    Rails  to  be  28  ft.  above  mean  low  water. 

Material 

6  piles,  each  50  ft.  long.  300  lin.  ft  at  15  cts $  45.  00 

3,500  ft.  B.  M.  lumber,  at  $20  per  M.  ft 70.  00 

170  lbs.  bolts,  nuts  and  washers,  at  3  cts.  per  lb 6.10 

2  rail  joints,  at  $3  each 6.  00 

1,120  lbs.  rails,  at  2 U  cts.  per  lb 28.  00 

107  lbs.  nails  and  spikes,  at  5  cts.  per  lb 5.  35 

Material  for  14  ft $169. 46 

Material  for  1  ft $11.39 

Ijabor,  fuel  and  supplies,  per  day,  $69. 

Rate  of  progress  (estimated  2  bents,  28  ft.),  cost  per  ft. .  2. 11 

Plant  Rbquuubd 

1  revolving  driver,  complete $20,000 

1  supply  and  material  car 6,000 

3  flat  cars,  at  $600 1 ,  800 

Material  yard  platforms 6 ,  000 

For  9,000  lin.  ft.  tramway $31 ,800 

Plant  charge  per  foot $  8. 63 

Cost  per  foot $17.03 

In  addition  to  the  cost  of  the  tramway  over  the  actual  length  of  the  Jetty 
to  be  rebuilt,  about  9,000  ft.,  it  would  have  been  necessary  to  raise  tbe  short 
tracks  across  the  sand  on  a  short  trestle,  amounting  in  all  to  about  7,000  lin. 
ft.  at  an  estimated  cost  of  $10  per  foot.    While  the  cost  of  the  shore  track  ftt 

elevation  12  has  been: 

For  labor $1. 18 

For  rails,  spikes  and  ties 2.  50 

Cost  per  foot $8. 63 

The  low  elevation  for  the  shore  tracks  possible  with  the  system  used  iM 
therefore  effected  a  total  saving  of  $44,590  over  the  cost  of  the  shore  trestle 
necessary  to  reach  a  tramway  24  to  28  ft.  above  low  water  at  the  ocean  beadi 
line. 

The  desirability  of  making  full  use  of  the  existing  enrockment  with  Iti 
established  slopes  and  compact  mass,  as  well  as  the  advantage  of  havliv  • 
thoroughly  stable  foundation  for  the  stone  unloading  crane,  and  the  hl^  ooit 
of  tlu;  train  way  of  sufficient  strength  to  permit  the  use  of  the  laige  atone  pKO* 
posed,  were  the  conditions  which  led  to  the  adoption  of  the  eonereta  cap. 

The  main  idea  of  the  concrete  is  to  hold  the  track  when  the  Jetty  la  wm9^ 
by  waves.  The  only  portions  of  the  structure  that  will  float  are  the  tlea.  and 
these  ar(>  finnly  imbedded  in  concrete  and  held  in  place.    A  furttaor  advantHi 
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within  an  inch  or  so  of  the  bottom  of  the  ties.  The  end  tie  is  brought  to 
grade,  the  crane  rails  laid,  and  the  ties  placed  and  spliced.  Concrete  is  then 
continued  to  the  top  of  the  ties. 

The  concrete  mixer  is  mounted  on  the  end  of  a  standard  flat  car,  the  dis- 
charge shoot  delivering  over  the  end.  Mixing  water  is  supplied  by  gnvitj 
from  a  tank  on  the  opposite  end  of  the  car.  Oil  fuel  is  supplied  by  gravity 
from  a  tank  near  the  water  tank.  The  oil  and  water  .tank  also  supply  the 
stone  unloading  crane.  Oil  is  pumped  and  water  flows  by  gravity  to  the 
crane  supply  tanks.  Cement  for  a  day's  operation  is  carried  on  the  concrete 
mixer  car.  The  concrete  is  machine  mixed  in  a  Foote  Batch  Mixer  of  21  cil 
ft.  capacity,  end-discharge  type,  steam  driven. 

At  the  outer  end  of  the  jetty  there  are  two  working  tracks.  All  material 
and  equipment  are  regulation  master-car  builders'  pattern  and  dimensioOB. 
The  tracks  are  14  ft.  IH  ins.  center  to  center.  When  in  operation  the  concrete 
mixer  car  occupies  the  left-hand  track,  and  the  car  containing  the  aggregate 
the  right-hand  track.  A  working  movable  platform  fllls  the  space  between  the 
cars,  leaving  about  1  in.  clearance  over  the  stake  pockets.  The  elevation  of 
the  platform  is  the  same  as  that  of  the  car  decks.  The  aggr^ate  is  shoreled 
directly  from  the  cars  into  the  charging  skip  and  a  large  barrow.  The 
charging  skip  is  marked  by  a  row  of  rivets  at  the  height  containing  the 
charge  required.  In  order  to  work  a  sufficient  number  of  shovelers  to  keep  the 
depositing  bucket  in  motion  it  was  found  necessary  to  provide  a  greater  lesDgOi 
than  was  possible  by  shoveling  into  the  skip  alone.  A  two-wheel  barrow, 
running  on  rails  and  holding  about  15  cu.  ft.,  was  mounted  on  the  misEer  car. 
This  allows  the  charging  shovelers  to  be  distributed  over  the  whole  length 
of  a  standard  flat  car. 

The  most  economical  crew  for  depositing  concrete  is  eight  laborers  chaigiog 
aggregate,  one  laborer  charging  cement  and  one  engineman  oi>erating  mfaBear. 
The  concrete  is  placed,  spread,  and  tamped  by  the  regular  stone  unloading 
crew,  consisting  of  engineman,  four  laborers  and  the  foreman.  This  cam 
will  generally  build  a  section  of  track  18  to  20  ft.  in  length  in  2  hours  and  15 
minutes,  including  the  construction  of  forms  and  placing  ties  and  rails. 

Under  the  specifications  for  the  material  the  contractors  are  allowed  to 
supply  either  broken  stone,  crusher  run,  or  unscreened  river  gravel  tor  aggre- 
gate. The  material  supplied  is  tested  for  proportioning  in  the  fdUowiog 
manner:  The  aggregate  as  delivered  is  screened  and  the  portion  paeeiDg  a 
plate  containing  K-in.  diameter  holes  is  considered  sand,  and  the  balanee 
stone.  If  necessary,  sand  is  added  to  form  a  mixture  corresponding  to  a  1 : 3  )4: 
5^^.  The  gravel  supplied  contains  rather  larger  proportion  of  sand  than  li 
required.  Wlien  broken  stone  is  dehvered  it  is  necessary  to  add  about  16 
lbs.  of  sand  per  100  lbs.  of  aggregate  as  received. 

Stone  for  the  work  is  supplied  under  contract  by  the  Hamnum  Cknutniotlon 
Company  at  the  following  prices: 

FertoB 

Class  1 $1.74 

Class  2 I.M 

Class  3 1.50 

Class  4 1.50 

The  following  is  taken  from  the  speciflcations  under  which  the  itoiiB  k 
being  supplied ; 
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waste,  it  has  not  been  found  advantageous  to  furnish  any  coDslderable  qattt- 
tity  of  this  stone  so  far. 

The  stone  is  loaded  by  the  contractors  on  standard  flat  cars  and  hauled  7 
miles  to  a  loading  point  on  a  navigable  channel,  where  It  is  placed  on  bai|ei 
carrying  eight  cars  each.  When  delivered  at  the  Jetty  receivliii^  plant,  it  fi 
unloaded  and  the  empty  cars  are  returned  to  the  barges.  From  the  loading 
point  to  the  jetty  landing  is  9  miles. 

The  above  arrangement  permitted  the  contract  to  be  made  for  the  matoiil 
only  and  the  contractors  have  nothing  to  do  with  the  actual  jetty  constructlfiL 
The  United  States  is  not  required  to  pass  on  the  rock  until  it  Is  oiffered  form 
at  the  jetty  wharf. 

The  contractor's  crew  has  numbered  generally  about  100  men,  emplofed 
for  7  10-hour  days  per  week.  The  following  plant  has  been  installed  by  tliB 
contractors: 

Four  20-ton  stifT-lcg  derricks,  100-ft.  booms,  with  steam-driven  hoJatin^  itti 
swinging  engines;  one  steam  crane,  with  shovel  attachment,  used  for 
grading  -pits  and  tracks  and  for  loading  cars;  one  two-stage,  16  X  10  X 
14-in.  Ingersoll-Rand  cross  compound  air  compressor,  electricaUy  driven; 
one  small  jaw  rock-crushing  plant,  electrically  driven.  In  addition,  ttien  ii 
the  usual  equipment  of  air  drills,  small  tools,  shop  and  mess  equipment  and 
appliances. 

Hollow  drill  bits  are  used,  and  since  the  installment  of  an  aii^riven  LeyDV 
sharpener  no  difficulty  has  been  experienced  in  successfully  quiunying  the 
stone.  The  contractor's  transportation  plant  consists  of  fifty  flat  caiB,  00,000 
lbs.  capacity,  36  ft.  long,  two  car  ferry  barges  and  two  tow  boats.  From  the 
quarry  to  the  landing  tlie  cars  are  handled  over  a  logging  railroad  by  ths 
logging  companies'  motive  power.  The  contractors  aie  now  providing  15 
additional  cars  and  a  third  barge. 

The  receiving  and  depositing  plant  at  the  jetty,  belonging  to  tbe  United 
States,  consists  of  a  100-ft.  span,  three  track  apron  for  transfer  from  bsige 
to  shore  tracks,  adjusted  to  tidal  elevation  at  barge  end  by  countemcjgiils, 
and  fixed  at  10-ft.  elevation  at  shore  end;  two  locomotives;  tliree  flat  cui for 
miscellaneous  materiahs;  a  20  cu.  ft.  concrete  mixer  mounted  on  a  ilalctf;a 
10-ton  revolving  an<i  traveling  imloading  crane,  gage  oi  gantry  14  ft.;  water 
supply  and  distributing  system;  fuel  oil  storage  and  distributing  syatan;  • 
repair  plant  with  power-driven  tools  for  ordinary  blacksmith,  carpenter,  Ad 
light  machine  work;  an  electric  light  plant;  store  houw,  mess  hoim;  enw 
(luarters  and  necessary  minor  equipment  for  the  work  in  progPi—.    A  new 
stone  unloading  crane  of  20  tons  capacity  is  now  In  course  of  coDStfue- 
tion.     The  jetty  crew  varies  from  40  to  50  men  woridng  0  S^umr  sliifti  p« 
week. 

Cost  of  Repointing  Sea-Wall  with  Cement  Gim. — ^A  oement  gun  was  nsed 
for  rer)ointing  about  22,000  lin.  ft.  of  joints  in  the  west  side  of  tbe  GovenuMOt 
sea  wall  at  Governors  Island,  N.  Y.  The  work  is  described  by  Heoiy  W. 
Bal>cock,  in  the  July-Aug.,  1917,  Professional  Memoirs.  The  fMlowiiv  >M^ 
have  been  taken  from  an  abstract  of  Mr.  Babcock's  article  publUwd  la 
Engineering  and  Contracting,  Aug.  15,  1917. 

The  sea-wall  is  built  of  heavy  stones  laid  in  coursea;  none  of  tbe  ooumi 
were  re(]uired  to  l>e  of  uniform  height  throughout  except  tbe  oqplng.  wbktami 
1  ft.  higli  and  3  ft.  wide.  The  johits  were  ordinarily  1  to  l^in.  tblflk, bobb- 
times  reaching  2  in.  On  the  northwest,  or  Hudson  River,  aids  of  tbe  val 
the  mortar  hud  come  out  of  the  joints,  almost  generally,  Indloatliv  fbttt  ^ 
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The  cost  of  the  work  follows: 

Expenditures: 

Rental  of  cement  gun $250.  00  ' 

Rental  of  compressor 125.  00 

S^vices  of  operator 150.  00 

Services  of  compressor  engineman 100.  00 

Transportation,  including  4  days'  rental  time 210.  00 

$     841.00 

Rental,  3  tarpaulins  to  cover  cement 41. 85 

Services: 

Manisees  and  Ingalls  and  crew,  freighting  supplies 

and  general  assistance $171.  58 

U.  S.  inspector  and  overseer,  with  5  to  7  men 641. 09 

2  horses,  carts,  and  drivers,  34  days 136. 00 

1  double  team  and  driver,  1  day 8.  00 

:  '  066.67 

Materials: 

800  bags  cement $324. 00 

126  ^Moo  cu.  yd.  sand 91.71 

635  gallons  gasoUne 152. 40 

Force  pump,  fittings,  and  hose  for  water 81. 66 

Lumber,  runways  and  mortar  beds 59. 76 

Tools:  Wheelbarrows,  shovels,  sand  screen,  etc 34.  60 

Rope,  for  moving  machines 24. 00 

Misoollaneoiis:  Canvas,  rubber  boots,  etc 39, 48 

807.70 

Office  expenses  and  travel $258. 93 

Photographs 7. 46 

266.38 

Total $2,013.60 

This  cost  will  be  reduced  by  a  rebate  of  about  $60.00  on  cement  ba^  re- 
turned in  good  condition. 

The  value  of  materials  and  tools  not  used  up  on  the  work  is  estimated  at 
$262.70.  This  will  not  far  exceed  the  cost  of  removing  tbem  and  storing  them 
until  needed,  and  must  be  regarded  as  part  of  the  cost  of  work  in  a  locality 
such  as  Governors  Island. 

The  length  of  joints  repointed,  22,320  ft.,  was  measured,  and  is  eaaentiaily 
correct.  The  open  widths  varied  from  2 HI  in.  to  nothing,  and  the  dqpthi 
repointed  from  36  in.  to  3  in.  These  cannot  be  averaged  with  any  aocuncy. 
being  almost  wholly  out  of  sight.  It  is  roughly  estimated  that  the  average 
thickness  of  joint  is  slightly  less  than  1  in.,  and  the  average  depth  pertiaps  12  to 
16  in. 

The  cost  of  this  work  with  the  cement  gun  was  not  far  from  the  cost  for  the 
same  lengths  of  joint  repointed  by  hand.  Hand  work  wouhl  give  a  better 
finish,  but  would  hardly  extend  more  than  4  in.  into  the  wall. 

The  cost  at  Governors  Island  is  10  to  15  per  cent  more  than  it  would  be  at  an 
accessible  point  in  the  city. 

In  operating  the  cement  gun,  a  large  supply  of  compressed  air  is  needed. 
It  is  used  to  turn  the  cement  and  sand  free  as  well  as  to  ouny  the  dry  mlztuia 
This  mixture  will  choke  in  the  hose  unless  diluted  with  a  large  amount  oC  air. 
From  such  observations  as  could  be  made,  it  appeared  that  the  volume  of 
sand  and  cement  carried  was  from  1  to  2  per  cent  the  volume  of  the  air  used  H 
a  vehicle. 

The  amount  of  water  required  was  given  by  tlie  Cement  Qun  Co.  as  6  giL 
per  minute,  at  a  pressure  of  about  45  lb.  This  quantity  was  seldom  used,  tft 
the  stated  pressure  is  not  needed.  The  suction  from  the  air  bl  it  would  dnf  i 
in  the  water  if  delivered  at  the  nozzle  under  a  much  lower  he^. 
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the  streets,  and  white  paid  toss  per  hour*  they  finally  cost  the  contractor  con- 
siderably more  than  the  experienced  and  higher-priced  men. 

Method  of  Making  Rapid  Cost  Estimates  for  Crib  Pier  and  Breakwater 
Construction. — G.  A.  M.  Liljencrantz  has  developed  a  method,  which  he 
describes  in  "  Professional  Meihoirs,"  for  making  rapid  cost  estimates  of  pier 
and  breakwater  construction.  Engineering  and  Contracting,  June  6,  1012 
publishes  the  following  abstract  of  Mr.  Liljencrantz's  article. 

Types  of  Stnictures. — -There  are  six  different  types  of  structures  considered. 
These  are  illustrated  by  Figs.  1  to  6.  Each  consists  of  a  crib  construction  100 
ft.  long.  The  first  four  types  are  16,  20,  24,  and  30  ft.  wide  and  rest  on  pfles. 
The  last  two  are  30  ft.  wide  each  and  rest  on  stone  foundations,  4  ft.  and  6  ft 
deep,  respectively. 


^-•-•"•/^•^*«»»....^ 
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Type  I,  Crib  Breakwater. 


Type  III,  Crib  Breiikwater. 
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Type  II,  Crib  Breakwater.  Type  IV,  Crib  Breakwater. 

FiQ.  6. — Tjrpes  I-IV,  crib  breakwaters. 


An  examination  of  the  various  plans  will  show  that  in  eadi  of  the  above  typM 
the  amount  of  materials  contained  in  the  ten  lower  courses  (oounttDg  fhHn  the 
lake  bottom)  is  a  constant  quantity  for  that  type;  and  that  in  every  two  taor 
cessive  courses  above  the  tenth  course  the  quantities  aie  the  aame  tot  eacb 
type,  respectively. 

This  fact  suggested  the  practicability  of  ushig  the- formula  for  a  stialglift 
line  for  the  computation  of  the  total  cost  of  a  crib  of  any  deaiied  height,  atlv 
the  materials  of  the  ten  lower  courses,  and  in  the  two  upper  oounes,  leqiee* 
tively,  have  been  ascertained.  Thus  we  have  the  formula  F  ■•  aX  +  b,  &I 
which  Y  represents  the  cost  of  a  crib  structure  100  ft.  long,  aooordtiic  to  ettlar 
of  the  types;  a  represents  the  cost  of  all  materials  in  one  of  the  upper  eouiHi 
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At  given  in  the  table  below  being  tlie  ayetrage  of  the  t?ro  upper 
:  equals  number  of  courses  desiied  above  the  tenth  oonner;  ind  b 
cost  of  all  materials  used  in  the  lower  ten  courses.  The  h^|^  of 
work  above  the  lake  bottom  (2  ft.  in  types  1  to  4,  Inclusive)  is 
two  courses.  The  stone  foundations  in  the  other  types  shown 
1  as  four  and  six  courses,  respectively.  The  bottom  conne  of  tiie 
s  1.5  ft.  high,  all  other  courses  bdng  1  ft.  each, 
one  discrepancy  in  the  formula  whicdi  would  affect  the  aeourac^  of 
if  not  remedied.  This  is  accounted  f6r  later  on. 
vrmvla. — As  stated,  the  constants  a  and  h  represent  the  cost  of  aU 
1  the  diCTerent  parts  of  the  crib  as  noted.    These  matoials  ooobM 


--^— J^-« 


Type   V,  Crib   Breakwater. 
^ 30^^ 


Tyne  VI,  Crib  Breakwatar. 

Pia.  7. — Types  V  and  VI,  crib  breakwaters. 


Silft  bolts  and  stone  and  (in  types  1  to  4),  of  piles  and  screw* bollB. 
rices  of  each  of  these  materials  will  also  be  factors.  The  formula 
edl  these  items  will  be  as  follows: 

"  -  (o^r  +  a^D  +  a'S)  X  +  6^  +  6-/)  +  6*5  +  pP  +  cC 

'and  b<,  a<<  and  M,  a*  and  &«,  p  and  c  represent,  respective,  ther 
it  timber  drift  bolts,  stone  piles  and  screw  botts  (as  idiown  in  Table 
h  type,  and  T,  D,  S,  P  and  C  the  unit  prices  of  materials,  vfo.« 
id  board  feet  of  timber,  per  hundred  weight  for  bolts  pei^  cord  of  128 
le,  and  for  each  pile.    All  prices  are  for  materials  **  secured  in  the 

must  be  particularly  remembered  that  X  repiesentB  the  numbw 
kbove  the  tenth  course, 
ready  been  stated,  the  constant  a*  represents  the  amount  of  timber 

one  of  the  courses  above  the  tenth  course,  and  the  oonstaot  V* 
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the  total  amount  in  the  ten  lower  courses.  From  this  it  foUowB  clearly  that 
the  total  amount  of  timber  required  in  100  lin.  ft.  of  a  crib  of  any  of  the  typet. 
respectively,  \^ill  be  found  by  means  of  the  simple  formula: 

y  «  a'  X  +  h», 

using  the  respective  valuer  for  the  constants  in  Table  II.  In  the  same  manner 
the  amount  of  drift  bolts,  stone,  etc.,  may  be  obtained. 

The  discrepancies  referred  to  above  have  been  remedied  and  the  conatanti 
have  been  corrected  accordingly  and  are  to  be  used  cm  given  in  the  table. 

Tabls  II. — Constants  for  Types  with  Tubs  and  Longitttdinaui  ov  10  X  12- 
Inch   TiMBBRS 

TypeH 

Width  o'  6< 

of  crib  Foun-     M.  ft.        a«»  a«  M.  ft.        b^  6«  P        e 

No.     ft.      dation     B.  M.    Cwts.    Cords      B.  M.     Cwta.    Cordis       No.  Cwt. 


1 

16 

Pile 

4.680 

4.3 

9.605 

56,648 

37.0 

92.947 

27 

5.1 

2 

20 

Pile 

4.996 

4.4 

12. 525 

64.894 

37.5 

100.450 

40 

6.7 

3 

24 

Pile 

5.312 

4.4 

15.444 

67.734 

87.8 

120.336 

40 

6.7 

4 

30 

Pile 

5.786 

4.6 

19.  823 

79.518 

38.3 

150.641 

58 

8.4 

5 

30 

Stone 

5.786 

4.6 

19. 823 

40.492 

26.9 

250.948 

0 

0 

6 

30 

Stone 

5.786 

4.6 

19.823 

28.920 

17.8 

801.647 

0 

0 

Chief  Elements  in  the  Structures. — It  may  be  found  desirable  to  verify  the 
various  amounts  entering  into  the  calculation,  and  for  that  purpoae  the  general 
dimensions  of  timbers,  etc.,  are  here  given;  it  being  believed  that,  for  the  sake 
of  comparison  between  the  dijfTerent  types,  it  is  desirable  to  maintain  uniform- 
ity with  regard  to  the  dimensions  of  all  the  principal  i>art8  of  the  structures. 

Thus,  the  following  dimensions  have  been  used  for  each  of  the  six  types: 
bottom  side  timbers,  12  X  18  ins. ;  all  other  side  timbers,  end  timbers  and  bear- 
ing timbers,  12  x  12  ins. ;  ties  and  longitudinals,  10  X  18  ins.  (2-ft.  long  searves 
having  been  provided  for  the  latter) ;  stone  bottom  (in  types  1  to  4)  In  middle 
pockets,  6  X  12  ins.;  the  grillage  bottom  in  types  5  and  6  are  made  of  12  X 
12-ln.  timbers. 

The  lowest  set  of  longitudinals  (in  types  1  to  4)  aie  eitended  to  the  full 
length  of  the  crib,  100  ft.,  and  blocks  are  placed  at  each  end  of  the  crib, 
between  these  longitudinals  and  the  bearing  timbers,  which  are  also  100  ft. 
in  length.  An  extra  bearing  timber,  12  X  12  ins.,  Is  provided — In  type  4. 
above  the  stone  bottom.  All  cross  ties  are  dove-tailed  into  the  side  timben 
and  the  longitudinals  into  the  end  walls.  Stone  has  been  provided  for  In  the 
walls  between  the  cribs,  the  calculation  thus  covering  the  fiUlng  of  the  crib 
for  its  entire  length. 

In  estimating  the  amount  of  stone  required,  calculation  has  been  made  on 
the  assumption  that  the  whole  volume  of  the  crib,  less  the  space  occupied  by 
timber,  is  filled  with  stone.  While  this  is  not  strictly  correct,  it  has  been 
done  to  compensate  for  such  stone  that  will  usually  settle  down  Into  the 
sand  bottom  and  work  out  on  the  sides;  also,  to  some  extent,  tm  imgularlty  In 
the  lake  bottom. 

Drift  boIt>4,  32  X  20  ins.  in  length,  are  provided  for  In  regular  wftiiimw  In 
the  side  and  end  walls;  also  through  bearing  timbers  and  protruding  ties,  and 
in  the  crossings  of  ties  and  longitudinals,  alternately  in  eadi  croenlng. 

Discrrparic]/  in  the  Formula  and  Its  Remedy. — It  WSS  Stated  abovo  that  tlV 
quantities  in  each  set  of  two  courses  above  the  tenth  ooune  an  oODStMrt 
amounts  for  each  type.    There  is  an  exception  to  this  rule.    The  top 
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planking  laid  flat,  2  ins.  apart,  and  spiked  to  the  cross  ties  with  H  X  14  in. 
spikes,  washers  being  used  under  the  heads  of  the  spikes,  which  has  proved 
very  advantageous  in  giving  much  better  hold.  One  hundred  linear  feet  of 
a  deck  plank  contains  500  ft.,  B.  M.,  and  the  spikes  required  for  that  length 
of  deck  plank,  including  washers,  will  weigh  approximately  50  lbs. 

The  total  cost  of  the  decking,  of  the  kind  described,  for  any  of  the  types  of 

cribs  may  be  obtained  by  the  simple  formula:  z  = in  which  x 

represents  the  cost  of  the  decking  over  100  lin.  ft.  of  the  crib;  ■  •«  the  cost 
per  M.  ft.  B.  M.  of  the  deck  timbers;  k  »  the  cost  per  cwt.  of  the  spikes  and 
washers,  and  x  «»  the  width  {inside  of  the  side  timbers)  of  the  crib  to  be 
covered. 

Intermediate  Decking  Supports. — When  a  pier  or  breakwater  Is  greatly 
exposed  to  severe  gales,  it  is  very  desirable  to  place  intermediate  supports 
under  the  decking,  half-way  between  the  cross  ties.  These  supports  may  be 
made  of  3  X  12  in.  planks  placed  on  edge  and  resting  on  the  two  top  longitudi- 
nals and,  at  each  end,  on  asS  X  12  in.  X  2-ft.  piece  of  plank  spiked  to  the  side 
walls,  with  their  tops  level  with  the  tops  of  the  longitudinals.  The  length 
of  each  plank  will  be  equal  to  the  inside  width  of  the  crib.  If,  however,  tbey 
are  estimated  equal  to  the  outer  width  of  the  crib  +  2  ft..  In  length,  the  two 
pieces  to  be  spiked  to  the  side  walls  will  be  provided  for.  The  decldng  should, 
as  a  matter  of  course,  be  spiked  to  this  planking.  As  then  are  twelve  spaces 
between  the  ties  in  each  crib,  the  cost  of  the  decking  supports  will  be  obtained 
by  the  formula:  y  -  0.036  f.  (w  +  2)  +  0.8  k  (w-2)  In  vrhkh.  r  represents 
the  total  cost  of  the  decking  supports  for  a  crib  100  ft.  long;  9  equals  the  cost 
per  M.  ft.  B.  M.  of  the  planks;  k  equals  the  cost  per  cwt.  of  spikes  and  washen 
and  w  equals  the  outside  width  of  the  crib. 

Table  IV. — Constants  for  Types  with  Ties  and  LoiraiTcrDnfAiiB  of  12  X 

12-iN.  Timbers 


a' 

b' 

e 

M.  ft. 

a- 

O" 

M.  ft. 

b* 

^ 

pS. 

Screw 

Types 

B.  M. 

Cwt. 

Cords 

B.  M. 

Cwt. 

Cords 

bolta 

lA 

.5.064 

4.3 

9.383 

59.622 

37.0 

91.374 

27 

6.1 

2A 

.').424 

4.4 

12.273 

68.220 

37.5 

98.648 

40 

6.7 

3.\ 

5.784 

4.4 

15.164 

71.052 

37.8 

128.068 

40 

6.7 

4A 

6.316 

4.6 

19.500 

83.706 

38.3 

148. 267 

68 

8.4 

.5A 

6.316 

4.6    . 

19.500 

43.320 

2S.9 

206.288 

0 

0 

6A 

6.316 

4.6 

19.500 

30. 672 

17.3 

300.498 

0 

0 

Types  of  Breakwater  Construction  and  Their  Costs. — ^Thls  Is  given  in  the 
report  of  J.  V.  Hanskarl  before  the  12th  International  Congress  of  Navigation. 
The  following  notes  are  taken  from  an  abstract  of  Mr.  Hasskarrs  paper  in 
Engineering  and  Contracting,  June  26,  1012. 

Delaware  Breakwater.— The  Delaware  Breakwater  was  ccHnmenoed  in  1828 
and  completed  in  1869.  Its  principal  dimensions  and  cost  are:  Length 
2.558  ft.:  length  of  (iap  and  Ice  Breaker,  which  are  connected  with  the  aame. 
2,709  ft. — making  the  total  length  of  this  structure  6.267  ft.  Area  of  avenfe 
cross  5iecti()n  above  seta  bottom,  4.067  sq.  ft.  Area  of  avera^  cross 
ul)ove  mean  low  water,  547  sq.  ft.  Area  of  average  cross  section  below  i 
low  water,  3,520  sq.  ft.  Tons  per  average  lin.  ft.,  277.09.  Cost  per  avenf 
lin.  ft..  $608.05.  \ote:  The  great  excess  of  material  platted  In  the  structure 
over  the  enrcH'kiiient  at  pri'sent  remaining  above  the  bottom  If  ezplaiasdtf 
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meiui  ae&  level,  approximately  335  oq.  tt. 
mean  sea  level,  appToxlmalel;  fl,442  sq. 
Ksllmated  cost  per  averi^  liD.  tt.,  S481. 


Fid.  10. — Section  of  breakwater  at  San  Pedro.  Cat. 

Pm'nl  Judith,  Shade  laiand. — This  breakwater  waa  ci 
13.  ISOI,  and  completed  Decemlier  18,  1B98.     Its  dlmenBions  and  coat  « 
Total  length  of  m^n  breokwatei,  6,970  tt.    Total  length  <rf  euterly  du 


2,240  [t.     Total  area  of  average  cross  sectloD  above  sea  bottom,  a.M 
Area  of  average  cross  section  above  mean  low  water,  STO  sq.  ft.    Aiea 
rage  cross  section  below  mean  low  water,  3 JS78  iq.  ft.    Tom  pN  annp 
..  161.72.     Cost  per  average  lin.  ft.,  taoa-TO. 


Fio.   12— Seetlon  of  Point  Judith  breakwater,  Rhode  Iriand. 

Nalifnal  Harbor  of  Rc/uae.  Dilaii^are  Bail.— Thiibnmkmterwtmtxxac 
Id  1897  and  completed  Id  IDOl.     Total  length,  6,^  tt.     Total  an*  of  avMV 
croM  aection  above  sea  bottom,  3,474  aq.  (t.      ■  * 
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Docks  at  San  Francisco, 
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Klip  at  Oakland.  The  lat 
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covering  the  labor  only, 
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At  Oakland  the  unit  prices  were  as  follows: 

Drive  and  fasten  standard  piles S  9. 00  eaoh 

Drive  and  fasten  brace  piles 15. 00  each 

Drive  and  fasten  dolphin  piles 18. 00  each 

Drive  and  fasten  cluster  piles 12. 00  eaoh 

Drive  and  fasten  spring  piles 12. 00  each 

Placing  caps  and  sub-caps 21. 00  per  M 

Placing  stringers  and  compounds 16. 00  per  M 

Placing  intermediate  stringers 12.  75  per  M 

Placing  planking 11 ,00  per  M 

Placing  guard  rail 9. 00  per  M 

Placing  ribbing 34.  00  per  M 

Placing  chocks 40.  00  per  M 

Placing  sheathing 18.  00  per  M 

Taking  up  old  timber 6.  00  per  M 

Total  labor  (approximately) $19,000 

At  San  Francisco  the  unit  prices  were  as  follows: 

Drive  and  fasten  fender  piles S  8. 00  each 

Drive  and  fasten  standard  piles 8. 00  each 

Drive  and  fasten  mooring  piles 8. 00  eaeh 

Placing  caps 20.  00  per  M 

Compound  stringers 16. 00  per  M 

Track  stringers 16. 00  per  M 

Intermediate  stringers 15. 00  per  M 

Fillers 10. 00  per  M 

Guard  rail 10. 00  per  M 

Planking 10. 00  per  M 

Removing  old  lumber 6. 00  per  M 

Placing  chocks 32. 00  per  M 

Breaking  o£F  old  piles 8. 00  each 

Pulling  piles 12. 00  eaoh 

Placing  sub-cape 25. 00  per  M 

Total  labor  (approximately) $17, 500 


Pier  No.  5,  Weeliawken,  N.  /.,  New  York  Central  A  Hudton  Ri^r  H.  *.— 
Designed  for  handling  outward  business  (boats  to  can)  only.  Built  on  pfle 
foundations.  Has  adequate  floor  space  and  numerous  gangways  to  make 
short  trucking  possible.  It  is  securely  sway  braioed  with  4-in.  X  8-ln.  plank 
bolted  to  each  pile,  also  girt  timbers  running  across  piling  imdemeath  wharf. 
Has  double  layer  deck,  consisting  of  a  lower  4-in.  plank  deck  covered  with  24n. 
X  4-in.  beech  flooring.  The  total  contract  cost  of  the  substructure  and  supw- 
stnicture,  including  heating,,  dry  flre  protection  line,  electric  wiring  and  Hie 
alarm  system,  was  about  $3  per  square  foot. 

Pier  and  Bulkhead  Platforms,  James  Slip  and  Oliwe  St.,  New  York  City, — ^Hm 
a  9-in.  reinforced  concrete  deck  on  timber  stringers  and  pile  foundation.  On 
top  of  the  Q-in.  concrete  is  a  2K-iii-  asphalt  wearing  surface.  The  front  of  the 
wharf  is  fendered  with  oak  piling  and  timber  securely  bolted  to  the  main 
framework.  The  unit  costs  are  stated  to  be  as  follows:  Timber  dedcs,  indnd' 
ing  rangers,  about  52  cts.  per  square  foot ;  reinforced  concrete  deck.  46  cts.  per 
square  foot,  and  with  2>2  asphalt  wearing  surface  55  cts.  per  square  foot. 
The  figures  for  concrete  do  not  include  the  cost  of  timber  construction  at 
deck  level  on  the  sides  of  the  dock. 

Dock  at  Sanduaky,  O.,  for  Penneylvania  R.  R. — This  is  a  new  dOCkforCOll 
machine.  It  is  a  good  example  of  fiUed  timber  crib  on  rock  foundatloiL  with 
monolithic  concrete  superstructure.  The  average  heii^  of  crib  !■  18  ft: 
The  unit  cost  per  lineal  foot  of  dock  was  as  follows: 


Hemlock  lun 


Freiebt  chan 
Piling.  103.1! 
Timber,  BIS. 
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simple  slninure  composed  of  a  rront  rem  ctf  lA 
bark  to  anrbor  limlKr?  and  piles  vlth  IM-lB.  i 
Th(s^  dorkd  m  L'tuca^  and  Milxauliee  ocat  fr 
depend  log  upon  local  conditions. 

Com  of  the  Termiiial  Piera  of  tfan  Horfolk  A  < 
In  EnBineering  New4-R««rd,  Maj  16,  laiS,  F. 

Tbe  K^neral  layout  and  dlmra^onf  of  tlw  pi 

The  ouibouod  or  northbound  frrighl  If  can 
two  pier;,  shicb  is  $00  ft.  long  and  232  ft.  wide  ■ 
T50   ft.     iDcomtuff  freighi  1^  handled  by  tfas  1 


nm  C05I .  anou^il  repairs  and  life  <rf  Tvrlous  Und 
that  the  average  life  of  thf  component  pafti  «( 
The  pif r-shed,  being  of  fteel.  nUl  UDder  iK»ii 
life  of  9ub?irurtiire  supporting  the  floor.  Tbe  p) 
pier  are  creosoted  piles  ptotecled  by  a  steel  cjl 
feet  below  minimum  depth  of  water  and  flUo 
slmilai  stnictures  has  led  to  Ibe  belief  that 
to  25  years  and  that  cieosoted  piles,  after  eipii 

The  roof,  floor  and  pile  sitbslructim  may  b) 
to  25  years'  service  wilbout  taking  down  the  it 
the  remainder  of  the  pier.  Since  the  renevil  at  1 
the  destruction  of  the  floor  and  root  it  ins  DM 
the  more  eipeosive  concrete  Sreproot  ronstiuctl 
to  use  materlab  having  s  nonnal  service  the  m 
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Licreoaoted  bwliif 


bulkliead  B,  were  constructed  Id  cjlindera  7-ft.  diun. 
piles  were  driven  la  each  cylinder. 

Floor, — Interior  floors  consisted  ct  3-ln.  white  ook  dressed  one  side  Ukd  tao 
edges,  outside  the  building  long  leaf  yellow  pine  slmilarl;  dminfirl  being  und. 

At  about  300-ft.  httervals  the  two  buildings  have  concrate  Boor  slabt  Mt. 
wide  resting  od  pile  bents  snd  eitending  from  side  to  side.  Precast  nshifattcd 
concrete  fire  walls  4'ln.  thick,  10  to  13  It.  long  sre  hung  trom  this  concrele 
panel  and  extend  1.5  ft.  below  low  water. 

Slifl  Framf.—The  steelwork  of  the  two  buUdlngs,  6.107,000  lbs.  was  encM 
in  02  working  days.    A  locomotive  crane  was  used  In  setting  tbe  coIudum  (Bd 


I.  3.— Details  < 


ad     (Typ«   V* 

t  bullihead  type*  A  sad  C. 


trusses  which  were  shop  riveted  complete  with  the  exception  of  tbi  sKlti 
longitudinal  and  transverse  truBsee ;  the  latter  were  shipped  In  two  piam  ul 
riveted  at  the  splice  belore  erecting. 

Sidti.—Tbs  sides  ol  the  piers  were  practically  solid  vertical  railing  lift  doon. 
the  width  and  spacing  being  such  that  the  doors  of  practically  all  ttmiIi  u^ 
the  piers  would  be  accommodated.  Three  llnea  of  windowa  fltted  with  MhI 
sash,  wire^ass,  ventiiators  and  operating  device  aie  provided  on  elUMrtfi 
for  lulriiltting  light  and  ventilation.  No.  22  ga.  galvmnlnd  canugKttiltti 
siding  covers  the  ends  and  sides,  with  the  exception  of  window  and  dooripaCB. 

Sprinkler  Si/tltm. — ^The  warehouses  are  equipped  with  an  ■ntmn^tin  ttf- 
pl[>e  sprinkler  system  to  meet  the  underwril 
14  fire  areas  two  dry  valves  are  located,  o 


Fron 
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The  United  States  Govemment  requires  that  all  piers  constructed  beyond  the 
bulkhead  line,  along  the  entire  water  front  of  New  York  harbor,  miut  be  of 
such  construction  that  the  free  flow  of  the  tidal  water  shall  lemain  uninter> 
rupted  by  supporting  columns. 

The  pier  which  meets  these  requirements,  and  was  adopted  by  the  city  in 
its  early  history  as  the  tjrpe  of  structure  for  berthing  Yessels  (and  also  ad<^»ted 
by  all  private  and  corporate  interests),  is  a  wooden  structure  throughout, 
consisting  of  a  deck  resting  on  piles  driven  into  the  mud  or  hard  bottom. 
The  physical  features  of  the  harbor,  the  geological  formation  of  the  bottom, 
and  the  condition  of  the  water,  fortunately  permit  the  adoption  of  this  type 
of  construction,  which,  in  many  other  parts  of  the  world,  is  not  adaptabk 
because  the  life  of  the  timber  itself  in  the  water  would  not  be  permanent  or 
fairly  long.  Wood-boring  animals,  the  teredo,  limnoria.  etc.,  are  very  little 
in  evidence,  and,  therefore,  wooden  piles  are  practically  permanent  htAsm 
the  water-line  in  almost  all  parts  of  New  York  harbor. 

The  prominent  objectionable  feature  to  wooden  pier  construction  is  the 
expense  necessitated  by  the  constant  repairs  of  the  deck  sheathini^  and  the 
continuous  wear  and  tear  of  the  fender  system  extending  along  the  sides  and 
outer  ends  of  the  piers.  As  to  the  remainder  of  the  structure,  piles,  floor 
system,  etc.,  its  maintenance  and  repair  is  very  economical  and  consisti 
generally  in  the  replacement,  from  time  to  time,  here  and  there,  of  decayed 
portions  of  the  timber  above  mean  low  water  only,  at  inconsiderable  expense. 

Until  seven  or  eight  years  ago,  the  piers  were  generally  built  with  decks  of 
yellow  pine,  4  ins.  thick,  laid  on  a  system  of  yellow  pine  floor  structure  of 
rangers  and  stringers.  This  deck  plank  in  turn  was  covered  with  a  second 
layer  of  either  3  or  4-in.  plank  sheathing,  laid  diagonally  or  at  right  ang^  to 
the  deck  proper,  to  form  a  wearing  surface  for  the  traflBc 

Constant  repairs  and  renewal  of  this  deck  sheathing,  caused  by  the  wear 
and  tear  of  team  traffic,  is  augmented  in  great  measure  by  the  moisture, 
horse  lu'ine,  etc.,  which  saturates  the  wood  and  eventually  finds  Its  way  to  tbe 
underlying  deck  and  rangers.  This  forms  the  greatest  item  incident  to  the 
expense  of  pier  maintenance,  the  average  life  of  the  sheathing  for  most  busy 
piers  being  about  six  years,  or  requiring  a  17  per  cent  renewal  annuaUy.  Am 
the  cost  of  the  deck  sheathing  is  generally  about  12  per  cent  of  the  total  cost 
of  a  pier,  it  will  be  seen  that  these  sheathing  repairs  would  aggregate  2  per 
cent  per  annum  of  the  cost  of  the  entire  structure. 

The  unit  cost  of  construction  of  a  pier  depends  in  a  large  measure  on  tbsiiiB 
of  a  pier.  As  the  outer  portions,  the  sides,  and  outer  end  of  a  large  pier  sre 
more  rigid  and  heavier  than  those  of  a  smaller  pier,  and  therefore,  coat  more  in 
both  labor  and  material,  the  relative  cost  per  square  foot  of  a  short  pier  is 
considerably  larger  than  that  of  a  long  one.  The  average  cost  of  the  old 
wooden  deck  pier  of  large  dimensions  is  from  $1.00  to  $1.16  per  square  fbot. 

Notwithstanding  the  necessity  for  constant  repairs  to  the  deck  sheathing  of 
the  wooden  pier,  the  parts  of  the  remainder  of  the  structure — rangers,  espSi 
stringers,  piles,  and  bracing — give  excellent  service.  T^^"*«"^ni?ft  is  eoooom- 
ical,  the  average  life  of  the  structure  above  mean  low  water  line  being  from 
20  to  25  years,  the  repairs  aggregating  an  entire  renewal  above  tow  water  in 
that  i>eriod  of  time.  As  the  life  of  the  piles  supporting  the  structure  is  pnc* 
tically  pennunent  when  submerged  below  the  water,  the  entire  structuie  OHi 
be  rebuilt  after  this  period  and  made  practically  new  by  "bsndi  e^ipiag" 
such  piles  as  inay  be  decayed  above  the  water  line  and  lenewlng  the  strln|K*i 
caps,  deck,  and  sheathing;  in  other  words,  the  pier  stnieture. prapar.  after  ft 
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life  of  25  years,  is  readily  susceptible  of  renewal  above  the  water  line, 
the  supporting  piles  below  that  line  being  to  all  Intents  and  purposes 
permanent. 

It  was  with  the  object  of  eliminating  this  large  rei)air  expense  incidentnl 
to  the  maintenance  of  the  sheathing,  and  reducing  maintenance  cost  generally, 
that  the  Engineerhig  Bureau  of  the  Department  of  Docks  and  Ferries,  under 
the  direction  of  J.  A.  Bensel,  then  Commissioner  of  Docks,  about  seven  years 
ago,  began  a  serious  investigation  and  study  of  the  problem  of  producing  a 
permanent  deck  surface  supported  by  timber  piles,  assumed  as  permanent 
below  the  water  line. 

This  study  has  resulted  in  the  entire  elimination  of  the  old  style  of  wooden 
deck  in  new  structures,  and  the  production  of  a  new  type  consisting  of  rein- 
forced concrete  laid  directly  on  the  transverse  cap  system  of  the  wooden  pier 
substructure.  This  concrete  is  laid  in  slabs,  spanning  the  pile  bents  practi- 
cally as  simple  beams. 

This  new  type  of  deck  eliminates  not  only  the  4-iik  deck  sheathing,  but  also 
the  4-in.  deck  proper  and  the  imderlying  12  X  12-in.  yellow  pine  ranger  system 
longitudinally  of  the  pier  on  top  of  the  transverse  cap  system,  further  increas- 
ing the  life  of  the  substructure. 

A  structure  was  thus  evolved  which  had  a  permanent  deck  practically 
impervious  to  the  penetration  of  moisture  to  the  substructure,  readily  renew- 
able from  low  water  to  the  under  side  of  the  concrete  deck,  and  permanent 
below  the  water  line,  with  a  first  cost  about  equal  to  that  of  the  old  wooden 
deck  pier. 

Definite  illustrations  of  this  final  type  of  pier  construction  are  found  in  the 
two  new  piers  recently  completed  by  the  Department  of  Docks  and  Ferries 
at  the  Gowanus  section,  South  Brooklyn,  one  at  the  foot  of  31st  St.,  1,475  ft. 
long,  and  the  second  at  the  foot  of  33d  St.,  1,616  ft.  long,  each  pier  being  150 
ft.  wide.  These  piers  are  among  the  finest  in  the  harbor,  and  are  probably 
the  largest  of  their  type  in  the  world.  The  unit  cost  is  practically  the  same  as 
that  of  the  old  wooden  deck  type.  The  decks  have  a  crown  of  about  S  ins. 
in  order  to  shed  the  water.  The  inshore  end  of  the  concrete  deck  rests  on  tbe 
bulkhead  wall,  but  is  not  attached  thereto,  a  horizontal  plant  Joint  allowing 
the  deck  to  slide  on  the  wall  as  it  expands  or  contracts  on  account  of  changes 
of  temperature. 

All  these  piers  have  been  built  where  the  condition  of  the  river  bottom 
underlying  them  was  such  that  no  settlement  could  occur,  and  they  have 
behaved  admirably.  No  repairs  have  been  necessary,  except  to  the  fender 
system,  and  none  are  anticipated  for  many  years  to  come,  excepting  the 
renewal  here  and  there  of  an  imperfect  pile,  where  rot  may  appear  above  tbe 
water  line.  Such  renewals  can  be  made  at.  a  minimum  of  cost — a  few  dollan 
per  pile — ^by  bench-capping,  without  any  interference  whatever  with  the 
integrity  of  the  reinforced  deck  itself. 

Economy  being  a  prime  factor  in  its  construction,  it  was  decided  to  try 
out  the  concrete  deck  surface  for  wear  and  tear  of  heavy  team  traffic,  and  the 
earlier  decks,  therefore,  were  finished  with  a  smooth  mortar  surface  to  receive 
this  traffic.  Two  years  of  experimenting  on  these  lines  determined  the  fact 
that  though  the  concrete  surface  was  admirably  adapted  to  I]|^t  trafHc,  caxgo 
handling  by  hand  or  motor  trucks,  etc.,  it  could  not  itand  the  concentration 
of  heavy  team  traffic  confined  within  narrow  lanes  located  generally  in  tbe 
center  of  the  pier.  The  grinding  and  turning  of  heavily  laden  trucks  inside 
these  narrow  lanes  or  zones  gradually  caused  surface  rupture  of  the  U^t  OOit 
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the  tackle.  A  donke;  engine  wsb  at  Brat  tried  for  tbls  work  but  prorad  ti 
too  expensive.  From  tbe  recelring  platform  the  piles  were  loaded  by 
lloatins  driver  onto  a  barge,  tile  barge  holding  about  eight  piles,  and  bai 
to  the  desired  locatioa  at  the  wharf. 

Maldinii  Pita. — Tbe  bottom  tor  tbe  pile  lorma  was  nuule  of  two  S  X  Id 
pieces  cleated  tosetber,  S.DOO  lln.  ft.  of  this  being  used.  The  Bides  wan 
Z-in.  plank  with  triBngulor  atrlpa.  having  spprodmatel;  a  7-in.  taoe  nai 
on  at  top  and  bottom  so  that  when  (he  two  sides  were  placed  cm  the  tratta 


Fia.  a.— Plan  and  details  of  Livltaaatan  Bt.  Whaif,  Ooklud  Harboa 

croes  eectloD  of  tbe  eacloued  space  was  approzlmat^  all  octacoo  irtM 
diameter  between  faces  was  16  ins.     A  total  of  2,360  lln.  ft.  of  ■!' 
Fig.  7  ahDws  tbe  details  of  the  relntorcement  and  Jet  pipe. 

To  make  tbe  form,  a  bottom  of  the  desired  length  w 
shimmed  to  a  Urni  imd  even  bearing,  and  the  steel  cage  Of  re 
on  the  bottom  by  laborers.     (The  cages  were  built  by  ui 
day  for  foreiuvn  and  %ii  per  day  for  Iron  workers.)    Tb 
niace  by  carpenter?  at  13  to  t4  per  day,  toe-nailed  to  U 

lether  at  the  top  with  1  x  :2-ia,  deats.    The  steel  and  Jet  vl 
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pended  by  wire  from  these  cleats.  Headers  were  then  placed  at  each  end,  the 
form  thoroughly  wetted  and  the  concrete  poured.  The  day  following  the 
pouring  of  the  concrete  these  sides  were  removed,  cleaned  and  used  ag^. 
Four  days  after  pouring,  the  pile  was  rolled  off  the  bottom,  which  was  then 
cleaned  and  re-used.  A  total  of  424  piles,  only  two  in  addition  to  the  number 
actually  used  in  the  wharf,  were  molded,  and  at  the  end  of  the  work  the  fomu 
were  still  in  good  condition.  The  form  work  was  not  economically  !TmiMllff«i 
and  the  cost  of  this  item  was  relatively  high,  being  nearly  $1  per  ft.  ct  pSki. 
Of  the  1,047.5  bbls.  of  cement  used  in  the  piles,  986  bbls.  were  delivend 
f .  o.  b.  the  job  at  $2.05  and  the  balance  by  team  at  $2.20.  The  rock,  sand  and 
screenings  were  delivered  by  team,  the  haul  being  about  one-half  mite.  Tin 
concrete  was  mixed  by  an  old  type  Ransome  mixer  in  poor  condition,  run  by  s 
gasoline  engine  which  caused  considerable  trouble.  From  time  to  time  tbe 
mixer  was  moved  along  the  work  so  that  the  round  trip  from  the  ni<T<w  to 
forms  was  about  75  ft.  An  extra  wet  mixture  was  used  and  was  hauled  In 
wheelbarrows  holding  3  cu.  ft.  The  labor  consisted  of  a  crew  of  from  11  to 
14  men,  exclusive  of  laborers' who  brought  the  cement  from  the  storehouse. 


e 
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Fig.  7. — Details  of  reinforced  concrete  pile,  Oakland  EEarbor. 

The  concrete  mixtures  specified  were:  For  40-ft.  piles,  1:2:4;  for  30 and 
34-ft.  piles,  1  of  cement  to  2  of  sand  to  2  of  screenings  to  2  of  rock;  for  the  48 
and  50  piles,  1  :  IH  •  IH  :  IH-  On  account  of  the  character  of  the  matgrieiir 
these  mixtures  were  changed  slightly  by  making  an  excess  of  grout  and  reduc- 
ing the  quantity  of  stone. 

Driving  Piles. — The  piles  were  driven  by  Jetting  and  churnins,  a  drop  of 
from  6  ins.  to  2  ft.  appearing  to  give  the  best  results.    The  time  of  driTiog 
averaged  from  one  to  two  hours.    In  using  a  longer  drop,  it  was  found  that 
the  material  caved  under  the  end  of  the  pile,  and  also  that  in  penetrating  a 
layer  of  cemented  gravel  which  underlaid  part  of  the  work  the  square  edges 
at  the  end  of  the  pile  became  rounded.    An  attempt  was  made  to  do  tbe 
driving  with  a  steam  hammer  by  using  a  special  iron  follower  so  east  as  not  to 
interfere  with  the  reinforcing  rods,  which  projected  2  ft.  beyond  tbe  top  of 
the  piles,  and  inserting  a  wooden  cushion  block  between  the  idle  and  fdDower. 
However,  the  outer  edge  of  the  head  of  the  pile  chipped  off  during  driving  and 
the  method  was  abandoned. 

The  jet  was  supplied  by  two  pumps  developing  a  pressure  of  about  80  Iba 
per  square  inch.  A  floating  driver  working  two  shifts  droTB  348  piles;  and  74 
piles  inshore  were  driven  with  a  top  driver  on  false  work,  the  two  driven 
being  similarly  equipped.  The  crew  consisted  of  a  foreman  at  S6,  enginieer  at 
$5  and  four  journeymen  at  $4  per  day. 

In  driving  the  48  and  50-ft.  piles  inshore,  some  diflBculty  was  encountered  in 
penetrating  tlie  layer  of  cemented  gravel  4  to  10  ft.  thick  and  lying  at  a  depth 
of  35  to  40  ft.  below  mean  tide.  This  layer  inclined  towards  the  water  sad 
only  seriously  interfered  with  the  driving  of  the  piles  nearest  shon.  la 
order  to  get  the  piles  through  this  stratum  it  was  necessary  to  use  a  mud  pnmPi 
the  time  of  i)umping  averaging  from  two  to  three  hours. 

In  order  to  prevent  the  concrete  in  the  pile  from  oraddng  under  Its  ofA 
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1 1  to  14  men  at  $4  running  mixer,  shoveling,  etc. ;  2  to  6  men  at  S2.50  shoveUng. 
The  mixer  averaged  about  25  batches  per  hour,  as  the  diunp  cars  did  not 
deliver  the  material  fast  enough  to  keep  it  supplied. 

Considerable  time  was  lost  in  moving  the  barge  to  change  the  locatiofi  of  the 
tube,  which,  in  reality,  was  too  cumbersome  for  the  work  it  was  lequiied  to  do. 
Had  the  mixer  been  of  1-yd.  capacity  the  cost  could  have  been  greatly  reduced, 
as  doubling  its  capacity  would  have  required  only  about  four  men  in  addltloD 
to  the  actual  crew. 

Fenders,  Etc. — The  fender  piles  which  were  treated  with  a  12-lb.  treatment 
of  creosote,  were  driven  by  a  top  driver  on  the  wharf.  The  average*  ^Iwm  of 
trimming  the  head  of  a  pile  and  getting  it  into  the  gins  was  15  ntiinutes.  Tbe 
time  of  driving  was  from  5  to  7  minutes.  The  waling  was  formed  in  ooctioiM 
and  hoisted  into  place. 

The  railroad  tracks  on  the  wharf  were  of  141-lb.  grooved  rails  without 
spacers,  embedded  in  concrete. 

Cost  of  Cellular  Concrete  Sttperstructures  for  Timber  Piers. — J.  A.  B. 
Tompkins  in  Professional  Memoirs,  describes  the  methods  and  costs  of  repair- 
ing timber  piers  and  jetties.  The  following  matter  is  taken  from  anabstFKt 
of  Mr.  Tompkins'  paper  published  in  Engineering  and  Contracting,  Aug.  2S, 
1917. 

Concrete  superstructures  are  cellular  in  type,  consisting  of  two  panlM 
walls  connected  at  intervals  of  about  8  ft.  by  cross  walls  from  12 16 18  In.  thtt. 
thereby  forming  open  pockets  or  "cells"  which  are  filled  with  rubble  stone. 
The  superstructure  is  built  in  monolithic  sections,  24  or  26  ft.  in  i«^gt^,  and  ta 
provided  with  a  continuous  walk  of  reinforced  concrete  slabs,  supported  by  ttas 
cross  walls. 

In  all  cases  where  an  old  pier  is  to  be  provided  with  concrete  superrtnictuie 
of  this  type,  the  work  has  been  done  by  hired  labor  and  use  of  Oovemmant 
plant. 

The  work  of  building  cellular  superstructures  on  old  piers  does  not  require 
a  large  or  special  plant.  The  plant  now  being  used  in  the  Milwaukee  District 
for  such  work  consists  of  a  floating  derrick  of  3  to  6  tons'  capacity,  two  list 
scows,  and  a  small  gasoline  tug.  A  steam-driven  concrete  mixer,  having  s 
capacity  of  about  two-thirds  of  a  yard  of  finished  concrete,  is  placed  <m  one 
scow;  the  other  scow  is  used  for  carrying  materials.  With  tlds  idsnt  and  s 
crew  of  about  15  to  20  men,  from  200  to  300  lin.  ft.  of  supantructure  are  built 
per  month,  including  the  cutting  down  of  the  old  pier. 

The  total  cost  of  the  concrete  superstructures  described,  including  tbe  ooet 
of  cutting  down  and  preparing  the  old  pier  for  reception  of  the  superstructure. 
has  been  from  about  $12  to  $15  per  linear  foot  of  pier,  depending  upon  the 
width  of  pier,  which  usually  varies  from  14  ft.  to  18  ft.  center  to  center  of 
parallel  rows  of  round  piles. 

An  adaptation  of  the  form  of  superstructure  described  has  been  used  for 
original  pier  construction.  In  this  case  the  sides  of  the  pier  are  alilce,  oomlBt- 
ing  of  round  piles  spaced  4  ft.  centers,  with  9-in.  trip]e4ap  sheeting;  12  by  U  in. 
spreaders  are  used  between  round  and  sheet  piles.  lliB  general  method  of 
construction  is  the  same  as  that  previously  described.  All  wwk  eonstnicted 
according  to  this  design  has  been  done  by  contract.  The  timber,  oenMnt,  snd 
reinforcing  steel  were  furnished  to  the  contractor  by  the  United  Btetas;  all 
other  materials  were  furnished  by  the  contractor.  TaUe  lY  dums  tbe 
approximate  cost  of  building  100  lin.  ft.  of  this  style  of  pier  In  thlsdlBtriet  by 
contract,  including  the  cost  of  materials  furnished  by  tbe  United  Cftatss. 
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ibout  7   miles  away — and 

An  experienced  freighting 
>y  the  day  to  transport  thi 
rhe  first  four  miles  of  road  ' 
rod  good;  the  last  three  wer 
:he  deep,  dry  sand  leading 
>each,  where,  however,  a  si 
le  crossed.  A  team  of  foui 
™t  »6.60  per  9-hour  day. 
if  the  journey  the  teams  worl 
)n  the  last  three  miles  they  di 
ihe  engine  sinking  its  wagon 
]ill  it  dragged.  The  trip  rec 
lays,  or  178 — over  *l  l  per  n 

Setting  up  the  driver  tot 


lood  to  appear  on  the  beach  ' 
t  certain  morning  to  be  nanv 
eft  things  in  charge  of  the  p 
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so  that  it  was  1  p.  m.  before  the  first  stick  was  thrown  overboard.  The 
teamsters  meanwhile  continued  leisurely  to  draw  their  iMiy  on  the  beadb,  is 
did  also  two  expert  surf  boatmen  in  a  dory  hired  to  take  lines  ash(»e  If 
necessary  or  to  rescue  stray  timber.  These  latter  proved  unneoeesary,  but 
wore  a  good  safeguard  in  case  of  change  of  wind. 

The  first  pile  thrown  over  showed  that  the  vessel  was  not  anchored  ezaetly 
in  the  right  place,  and  she  was  accordingly  moved.  Her  final  position  wu 
about  a  mile  off  shore.  The  surf  was  rather  heavy,  the  wind  li^ht  and  tbe 
timber  took  about  an  hour  to  drift  in.  It  arrived  a  good  deal  faster  thaii  seren 
teams  could  pick  it  up.  but  the  surf  and  wind  kept  it  on  the  beach.  It  did 
not,  however,  all  come  to  one  place,  but  scattered  out  about  1,000  ft.  wide. 
No  attempt  was  made  to  pile  it,  but  each  piece  was  pulled  up  the  beadi, 
where  it  struck  and  left  above  high  water  mark.  The  last  piece  left  the  vee* 
sel  about  5  p.  m.,  and  the  last  snaking  out  occupied  the  teams  until  10  p.  m. 
They  had  the  advantage  of  a  moon  and  free  hot  coffee. 

The  following  costs  are  worked  out  without  regard  to  the  six  hours  lost  in 
waiting  for  the  vessel,  for  this  delay  is  always  likely  to  hapi)en;  and  both 
teams  and  boats  are  coimted  as  having  worked  from  7  a.  m.  until  about  10 
p.  m.    On  this  basis  the  landing  and  snaking  to  safety  required: 


0. 090  boat  hours  per  M  at  $2.00 -    .    $0. 180 

0.  785  team  hours  per  M  at  $0.40 314 

0.  64    man  hours  per  M  at  $0.20 128 

Total SO.  822 


The  following  day  at  daylight  a  few  teams  were  engaged  to  sort  out  and 
gather  up  the  lumber  from  the  beach  and  pile  it  at  the  wharf  site.  Owing  to 
bruised  legs  and  other  discomforts  incident  to  working  in  the  surf,  the  price 
of  teams  had  increased  over  night,  so  that  the  cost  of  stacking  the  materitl 
was: 


1.  40  man  hours  per  M  at  $0.25 $0. 85 

1 .  36  team  hours  per  M  at  $0.50 68 

Total 81.08 


which  brought  the  total  cost  of  bringing  the  lumber  to  the  pier  site  81.66  per 
M  ft.  B.  M. 

The  pier  was  of  simi)le  construction,  with  bents  20  ft.  apart,  four  pflsi  to 
the  bent  (the  two  outside  ones  battered)  imder  a  12  X  12  in.  cap  16  ft.  long, 
which  was  drifted  and  strapped  to  each  pile.  The  deck  was  2  X  13  In*  on 
3  X  12  in.  joists.    There  was  a  light  railing  on  each  side. 

The  piled  iver  had  35  ft.  swinging  leads  and  64  ft.  gunwatoa,  a  8,6004b. 
hammer  and  an  oil  burning  engine  big  enough  to  keep  up  steam  undMT  hsrd 
driving.  The  sand  was  so  compact  that  piles  sometimes  coHapaed  under  tl» 
hammer  before  they  had  reached  the  required  10  ft.  penetration.  Afler  tbi 
driving  was  well  under  way  the  time  of  each  operation  was  as  foDowi: 


^     I 


DOCKS  A 


aing  aUging  ft 
v^Dg  oS  [our  pi 


linB  driver  ahead  

.v'.«fim5Ue(81biowi):. 
mbing  leada , , ...... 

ving  second  pile'  (SS'bJows 

vmg  third  pile..,, ■.■.,!■,!! 
cinx  fourth  pile  and  swing 


ling  driver  in  position , , , 

mbing  gina  and  placing  eecond 
ving  second  pile  (62  blowal . . 

eing  fourth  pile 

ving  fourth  pile  (63  blowa)   . . . 
:^ng  staging  for  cut-olf 

(ing  off  four  piles  .'.'.'.'.'.'.'.'.'.'. 
cing  and  drifting  cap 


asional  delays  brought  this  i 

wmprised  an  excellent  foren: 

The  daily  expenses  of  runn 


rhig  gives  a  cost  of  g  10  per  bent. 
»7S  teaming  and  S42  setting  u 
ngs  this  to  »Z40.  Since  the  pli 
iild  be  '%<,n  of  S240  or  Se  per 

Pile  driver  expensea 

Beaching  and  stacking  &^  ft 

Driving  and  capping 

Placing  ioiaCe  and  deck,  IH 
Placing  railing,  0.13  M  at  SH 


equal  to  S1.63  per  foot. 
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This  is,  with  the  exception  of  oil  for  the  pUe  driver  and  interest  on  tt,i 
strictly  labor  cost.  The  time  of  the  writer  for  surveys,  soundings  and  steimff 
piloting  is  not  taken  into  account,  nor  are  the  railway  freights,  faxes  tat  fls 
crew,  rent  of  quarters  in  the  "  pavilion,"  reconnaissance,  and  so  on. 

This  method  of  landing  lumber  requires  a  wide  beac^  and  a  steady  wiDd 
blowing  directly  or  almost  directly  on  it.  If  the  wind  blows  at  an  angle  wtt 
the  beach,  the  lumber  will  drift  a  long  way  before  beaching,  and  scatter  W7 
much.  A  change  of  wind  is  fatal,  so  that  not  too  much  lumber  should  In 
afloat  at  a  time.  Anything  smaller  than  2  X  10  ins.  should  be  fsstened  k 
square  bundles  to  avoid  breakage  in  the  surf.  Too  much  care  cannot  be  tatai 
to  avoid  broken  legs. 

Cost  of  Driving  Sheet  and  Bearing  Piles  and  Pladng  Concrete  lorthi 
Concrete  and  Steel  Ore  Dock  of  the  Duluth  and  Iron  Range  R.  R.  — ^Leliai 
Clapper  in  Engineering  and  Contracting,  July  17,  1912,  gives  the  foUowlnf. 

The  concrete  steel  dock,  erected  on  the  site  ol  a  former  one  of  timbor,  ii 
made  up  of  a  timber  approach  220  ft.  long,  a  steel  approach  329  ft.  loiig.tbi 
dock  proper  1,344  ft.  long,  and  an  end  tower  of  32-ft.  span.  The  tlmlNi 
approach  has  three-pile  bents  and  twelve-trestle  bents  of  15-ft.  centers,  witt 
a  10-ft.  span  joining  onto  the  steel  approach.  The  steel  approach  has  ftm 
32-ft.  towers  with  three  spans  of  63-f t.  deck  plate  girders  Joining  them  and  • 
12-ft.  span  joining  the  last  tower  to  the  dock  proper.  In  the  dock  proper. 
there  are  112  spans  12  ft.  long,  each  span  supporting  an  ore  pocket  on  eacfc 
side  of  the  dock.  The  dock  proper  and  end  span  are  level,  the  steel  approick 
is  on  a  0.304  per  cent  grade,  the  timber  approach  on  a  0.20  per  cent  grade  ud 
the  ore  yard  on  a  0.51  per  cent  grade,  all  being  down  grade  away  from  tlM 
dock. 

Foundations. — The  entire  area  to  be  covered  by  the  foundation  of  the  dock 
proper  was  enclosed  by  sheet  piling.  The  two  side  walls  of  sheet  ptUng  wen 
55  ft.  inside  to  inside,  while  the  end  walls  were  about  1,404  ft.,  wiM^iHiy  tbs 
total  area  enclosed  about  1.8  acres.  The  sheet  piles,  of  which  2,3W  wen 
required,  were  made  of  12  X  12-in.  fir  32  and  84  ft.  long,  by  splkli]^  to  then 
with  ^  X  8-in.  boat  spikes,  3  X  4-in.  strips  flatwise,  to  form  tongues  and 
grooves.  The  points  were  made  by  sawing  them  on  a  long  bevel  of  about  S 
to  1  sloping  up  from  the  groove  side  to  the  tongue.  Any  side  beveUng*  neoei- 
sary  to  hold  the  pile  to  line,  was  done  at  the  drivers. 

The  sheet  piles  were  handled  from  the  framing  yard  to  the  drivers  hj  t 
derrick  scow.  Two  roller  drivers  were  used,  one  on  each  side  of  the  dock, 
each  having  a  2,800-lb.  hammer  and  35-ft.  leads. 

The  lake  bed,  at  this  point,  is  red  clay,  so  that  jetting  was  impossible.  How- 
ever, little  difficulty  was  experienced  in  driving.  An  occssional  wedge  wii 
used  to  keep  the  piles  plumb.  These  were  made  by  ripping  the  12  X  12-in. 
timber  diagonally  and  then  nailing  on  the  tongue  and  groove.  A  sliding  block, 
made  with  a  groove  to  fit  over  the  tongue  of  the  pile  being  driven,  and  with  s 
line  passed  around  it  to  the  engine,  held  the  pile  finnly  to  place  during  the 
driving.  A  hand  winch  was  used  to  hold  the  tops  of  the  pUes  tifl^  after  tiny 
were  driven.  A  temporary  inside  waling  or  guide  timber  was  bolted  to  the 
ends  of  the  pile  caps  of  the  old  foundation  and  to  this  about  eveiy  fifth  rinet 
pile  was  bolted  to  hold  it  in  place  and  to  maintain  a  true  line  until  the  tonpo' 
rary  outside  waling  timbers  could  be  placed.  These  temporaiy  outside  waUni 
timbers  were  14  X  14  in.  second-hand  fir  and  were  placed  11  i  i.  beknr  tiie 
sheet  pile  cut-ofT,  which  was  6  ins.  below  mean  water  level.  *  m  two  vsDi 
were  tlien  tied  together  through  these  timbers  with  1-in.  X  flMi. 
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Tablk  VI. — Time  Cost  of  Round  Pixji  Wobk  (168.500  Piui) 

Houn  pi 
Hours     100  liB.  IL 
Pointing  and  handling: 

Foreman 20  .OUt 

Engineer 850  .  21% 

Skilled  labor 2.330         1.4I1S 

Common  labor 2 ,  800         1. 4W9 

Derrick  scow 180  .  OTM 

Team 350  .S1S5 

Driving: 

Foreman 670  .  4087 

Engineer 670  .4087 

Skilled  labor 2.670  1.0287 

Common  labor 2.000  1.04QB 

Pile  driver 660  .40M 

Cutting  off  piles: 

Foreman 130  .  0798 

Skilled  labor 600  .8600 

Common  labor 3. 180  1. 9808 

The  forms  for  all  concrete  work  were  made  of  2-in.  matched  lumber  iid 
were  set«  removed  and  carried  ahead  by  a  smsJl  derrick  scow.  Tbe  outddi 
forms,  of  which  19  sections  24  ft.  long  were  used  on  each  side  of  the  ^nA 
rested  on  the  temporary  waling  timber  4  ins.  outside  tbe  sheet  piUng.  Ai 
expansion  joint  above  mean  water  level  was  used  every  72  ft.  A  loay  6  tau.  X 
3  ft.  was  made  in  the  end  form  at  each  joint  so  that  there  could  be  no  tmuntat 
movement  of  sections.  As  soon  as  the  outside  and  center  core  forma  imd  ben 
set.  the  reinforcing  rods  were  bent  and  placed.  In  each  72-ft.  section  sbout 
12,100  lin.  ft.  of  1-in.  smooth  circular  rods  and  900  lin.  ft.  of  Ij^An,  rods  nen 
used.  The  main  slabs  are  19  ft.  4  ins.  wide,  with  an  openinsf  of  19  ft.  betmfli 
them  and  are  5^  ft.  thick,  extending  from  2}4  ft.  below  mean  water  to  8  ft. 
above  the  same.  These  slabs  are  tied  together  every  24  ft.  by  8  X  44t.  ooo- 
crete  tie  walls  reinforced  with  four  IK-iii-  X  36-ft.  rods.  Ralsfaig  tmm.  the 
main  slab  by  three  8-in.  steps  and  extending  from  its  outside  edge  to  Its  centsr, 
is  a  parapet  slab  2  ft.  thick.  On  the  main  parapet  and  at  its  outer  edge  Is  s 
parapet  walk  9  ins.  thick  and  2>^  ft.  wide.  The  tops  of  the  parapets  and  dslM 
were  given  a  slope  of  H  in.  to  the  foot  toward  the  center  of  thedook  toliMire 
drainage.  The  center  line  of  the  piers,  which  are  4  ft.  9  ins.  square  on  top 
with  batters  of  1  in.  to  4  ins'.,  is  18H  ft.  from  the  center  Une  of  the  dock. 
These  piers  are  tied  to  the  main  slab  by  four  IH-in.  X  9-ft.  reinforcing  rods. 

Two  scow  mixers  were  used  on  this  work,  one  on  eadhi  side  of  the  dock.  Tlie 
one  was  a  ^4-cu.  yd.  Smith  mixer  with  chain  conveyors  carrying  materiili 
from  hoppers  on  main  deck  to  a  measuring  hopper  which  fed  into  the  mim' 
about  15  ft.  above  the  main  deck.  A  derrick  scow  supplied  stnd  and  graTSl  to 
the  hoppers.  The  ^^-cu.  yd.  mixer  mixed  two-thirds  of  the  total  yardsge: 
Its  scow  was  about  80  ft.  long  and  25  ft.  wide.  A  three-story  tower  about 
16  ft.  square  was  erected  in  the  center  of  the  scow.  On  the  lower  floor  of  ttas 
tower  were  the  boiler,  pumps  and  conveyor  engines.  On  tliesecMid  floor  wm 
the  mixer,  mixer  engine  and  the  gate  controlling  the  measuring  hopper.  And 
on  the  third  floor  were  the  measuring  hopper  and  the  leyers  oontrcdUng  tin 
conveyors.  On  the  deck  of  the  scow  and  6  ft.  from  the  edge  of  the  towv 
toward  the  one  end  was  the  sand  hopper,  and  toward  the  other  end  WM  • 
gravel  hopper.  Behind  the  sand  hopper  on  the  end  of  the  soovr  was  a  ■BsU 
cement  shed  holding  about  200  bbls. 

Conveyors  handled  the  cement  in  sacks  from  the  deck  f  n  thn  tWrd  ■Iwj  Mil 


b1  and  aaad  from  the 
I.  yda.)  to  the  meas 
le  mjiet  required  to 


by  the  use  ot  epouta.    C 

average  day's  run  was  2 
The  materials  used  foi 
that  when  miied  with  f 
would  give  the  deadest  < 
In  placing  the  concra 
filled  to  Che  top  of  the  i 
set  and  filled  for  the  pa 
had  set,  the  eod  forms  i 
end  walla  were  palnled 
deBtroyiug  the  bond  ot  1 
The  forma  for  the  pier 
waa  allowed  to  set  befoi 
then  set  in  templets  an 
within  1  in.  of  elevntion. 
zoDtal  when  placed,  wei 
were  leveled  from  these 

A  fender  of  two  tlmbei 
recessed  4  ins.,  was  place 
through  pipe  through  th 
2  Ins-  and  fastened  by  1 
pipe  hi  the  main  slab  be 

In  Table  VII  the  ite 
tinloadiog  cars;  loadin) 
reioforcuig  In  place  wi 
plB£lDg,  bracing  and  rem 
making  and  placing  ti 
placing"  covers  the  han 
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traveler  erected  aU  of  th 
proceed.  A  portion  of 
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TuLi  VTI.— TiMi  Coar  or  HufoLina  ahd  TiM^aa  CotfCBarB 
(15.040  cu.  yda.  concrete,  74«,000  Iba.  reinloroiDa:) 

Hours        eu.  yiL 


Skilled  labor. 
Flat  aoovA . . . 


Csrpente™ 8,S40 

Eninneeni 31S 

SlSSed  labor S,7TO 

Common  labor 6,300              

Derrick  BGOw»., 830  .0211 

Anchor  bolU: 

CarpeptcTB 1,186  .0748 

CommonUbor BOO    .       .0037 

Miiinc  and  plaoinii: 

Foreman 1.060  .  llOt 

Enaineer S,»60  .  14Si 

Skilled  labor S.770  .4MS 

Common  labor. B.MO  .659) 

Derrick  Bcowa 620  .OlOB 

Flat  scows 040  .Ottt 

8oow  miier. 1.120  .07J» 

e  Hoiat.~EaEiiieeriiig  Becotd.  Julj 


Fia.  8. — EKagram  of  speed  and  cost  of  drit^nc  pilea  with  m 
A  rereralble  gasoline  hniet  with  a  SH-hp.  engliie  ud  «i 
drop  hammer  haa  been  used  for  driving  1 ,300  pile*  to  aiWCfft  a  itise  fw  7,000 
Blngers  during  the  St.  Louis   pageant.     These  pilea  were  drlnntraQiB 
about  S  ft.  deep  in  the  bottom  of  the  MlaBlaalppI  Btvu  at  PoiMl  1 
In  the  uccompapyinj:  diagram  (Fig.  SJ  ore  itunni  tlw  total  nunliv  it 


luded  17,1(I5  1Jd.  ft.  of  pi. 
5.  The  avei^e  length 
lly  1,326  piles,  aggregati: 
OI  this  number  25  ptlet 
was  1,301  piles,  aggregi 

%nt9  per  foot.     This  de] 

coat  of  driving  was  t2.0i 
IBS  delivered  was  Jl,432. 
Irlving  of  10.7  cents  tbe 
The  crew  cooslsCed  of  foi 
eiDized  costs  were  as  Foil 
tl,653.S3;  engine  and  he 
s  work,  union  men  were 
ng  engineer,  80  Ct3.  pe 
r  laborers.  40  cts.  per  hi 
rlvei  leads  weie  20  ft. 

3  Agricultural  Co. ,  St,  Lo 
-driven  engine,  geared  ir 
head,  on  the  holal,  was 
nmer  was  1,650  lb.  Thf 
t  Driving  Sheet,  Foimdat 
ir  Wlndett  before  the  W 
eering  and  Contracting, 
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sheaves  two  lines  ran  from  the  engine,  on  the  free  end  of  which  was  a  few  teei 
of  H-in-  chain  and  a  hook  with  which  to  pull  the  sheeting. 

This  machine  would  be  manned  by  a  pickup  crew  of  engineman,  fireman,  and 
four  laborers,  who  would  pull,  in  IH  hours  to  2  hours*  work,  all  of  the  sheeting 
corresponding  to  a  day's  progress  of  the  work,  which  would  be  from  130  to 
160  ft.  The  average  rate  of  wages  per  hour  was  90.30.  The  avera^  of  work 
was: 

Per  M.     Per  lin.  ft. 
ft.  B.  ^.     of  trench 

Hours  of  labor 3. 72  Q.  24 

Cost  of  labor $1.11  $0.07 

One  disadvantage  of  such  sheeting  was  that  the  1-in.  side  pieces  had  a  short 
lift,  requiring  renewing  after  about  four  times  of  use.  The  loss  of  the  center 
pieces  from  hard  driving  and  even  though  used  nine  times  was  very  Uttle.  The 
pulling  chain  was  rather  severe  upon  the  sheeting,  as  it  was  liable  to  cut  into 
the  wood.  At  the  close  of  the  work  the  sides  were  stripped  off  and  half  of  the 
2  X  10-in.  pieees  were  sawed  up  for  catch-basin  bottom,  which  otherwise 
would  have  required  the  purchase  of  new  lumber.  The  total  waste  of  sheeting 
was  about  one-fourth  and  the  remainder  was  shipped  to  another  job. 

Hand  driven  sheeting  of  2-ins.  X  10-12  ft.  long  is  best  driven  iia  sand  by  ft 
combination  of  hand  mauling  and  the  use  of  the  water  jet.  Employing  labor 
at  $0,314  per  man  per  hour,  the  expense  of  this  work  for  1 ,  102  ft.  of  trench  was: 

Per  lin. 

Per  M.          ft.  of  Per  sq.  ft. 

ft.  B.  M.       trench  penetration 

Hours  of  labor 11.0            0.073  0.042 

Cost  of  labor $3.70        $0,305  $0,013 

Table  VIII. — Foundation  PiiiSS.    Chicaoo  Dbop  Foboh  A  Fdt.  Co. 

Cost  per 
Hours       Cost       lin.  ft. 

Erection  and  dismantling  driver   386. 5    $160.  53  $0.  088 

Unloading  and  sawing  piles  in  two 39. 0         15.  90    0. 016 

Driving  piles 286. 0        99.  32    0.  Oil 

Sawing  pile  tops  to  grade 53. 0         19. 88    0. 054 

Total 714.5    $295.  69  $0. 160 

Freight,  supplies  and  piles,  cost 279. 02    0. 152 

Total  cost $574.  71  $0. 821 

Soil,  hard  clay;  hammer  used,  3,000-lb.  drop  hammer. 
Material — 96  piles,  20  ft.  long.     Crew  10  men. 

Foundation  Pile  Driving. — Table  IX  is  the  record  of  ft  large  piece  of  woik 
carried  on  by  the  contractor  with  great  vigor.  At  times  u  many  as  9  pfte 
drivers  were  at  work  simultaneously. 

In  foundation  pile  driving,  where  piles  are  driven  in  clusters,  the  general 
level  of  the  ground  will  be  higher  after  driving  than  it  was  before.  This  swell 
or  rise  of  the  level  will  cause  an  extra  amount  of  excayatlon  for.  fbe  plafling 
of  the  footing  concrete  around  the  pile  tops. 

Careful  levels  were  taken  over  an  area  in  which  1,570  plies  were  drtren  2H 
ft.  centers.  The  piles  were  35  ft.  long,  having  12-in.  tops  and  7-ln.  points. 
The  swell  of  the  ground  amounted  to  1.5  ft.  in  height,  or  8.8  cu.  ft.  net  nieu- 
urement  of  the  earth  per  pile,  or  0.28  cu.  ft.  of  pile  penetration.  Inasmndi 
as  the  volume  of  the  piles  below  the  original  surfftoe  averaged  14.1  ou.  fL, 
the  consolidation  of  the  earth  amoimted  to  5.8  cu.  ft.  per  irile.  Hie  wiU  con- 
sisted for  about  10  ft.  of  a  mixture  of  loose  sand,  grayel  and  day.  Below  tlili 
WKn  a  moderately  soft  blue  clay. 
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Marine  Pile  Driving. — The  marine  pile  driving,  as  given  in  Table  X  was  aD 
within  a  protected  harbor  shielded  from  the  heavy  waves  of  the  open  lake,  so 
but  little  time  was  lost  by  rough  seas.  In  the  delivering  of  piles  from  cars  to 
scows,  a  large  part  of  the  labor  was  done  by  steam  devices,  but  it  is  consfclend 
as  being  equal  to  the  expense  of  six  men  all  of  the  time  the  marine  driving  wu 
going  on.  The  soil  was  sandy  for  a  few  feet  and  below  that  it  consisted  oft 
moderately  soft  clay.  The  piles  stood  out  of  the  water  on  an  average  of  iS 
ft.  per  pile,  imdriven.  A  tug  was  occupied  about  one-third  of  a  day  per  driver 
in  towing  out  and  back  to  the  yard.  A  drop  hammer  of  3,600  lbs.  weight  wii 
generally  used,  being  attached  continuously  to  the  hoisting  rope.  Eadi 
driver  had  two  scows  for  piles,  one  on  the  work  and  one  at  the  yard  beioR 
loaded  with  piles. 

Table  X. — Marine  Pile  Driving  bt  Great  Lakes  Dbedob  4k  Dock  Ca 

Number  of  piles  driven 9, 806 

Length  of  piles  driven 326,206  Hn.  ft. 

Length  of  pile  penetration 207,816  lin.  ft. 

Average  of  piles 38  Un.  ft. 

Average  of  piles  driven 21  lin.  ft. 

Total  days'  work  and  driver 137 

Piles  per  day  work  and  driver 72.  2 

Piles  per  day  work  and  driver 2 ,  880  lin.  ft. 

Penetration  per  day  work  and  driver 1 ,616  lin.  ft. 

Crew  of  driver 10  men 

Auxiliaries  driver 6  men 

Total  men  per  driver 16  men 

Total  crew  time 1 ,370  days 

Total  auxiliaries  time 822  days 

Total 2, 102  days 

Pay  roll  per  day: 

Tug  service $16. 00 

Crew 84.00 

Auxiliaries 10.  75 

Total •. 868.75 

lin.  ft.  of     Un.  ft  of 
Costs  J^linc       penetimtioo 

Labor iOT080  80.0468 

Supplies  and  repairs *0. 016  *0. 0286 

Piles •0.126  •O.  1082 

Total  "field"  expense 80. 169         '80.266 

*  Estimate. 

Foundation  Pita. — Triple  lap  sheeting  was  driven  for  three  foundation  piti. 
The  upper  15  ft.  of  ground  is  sound,  below  which  is  a  soft  day.  Throu^  tlie 
sand,  driving  was  assisted  by  using  a  water  Jet.    The  expense  of  tUs  wnk  Is 

given  in  Table  XI. 

Table  XI. — Foundation  Sheet  PnjB  Duvnro 

Piling  driven,  pieces 405 

Piling  driven,  lin.  ft 0,201 

Piling  driven,  ft.  B.  M 88.682 

Moving  out  and  ofiF  job,  5  days 8227. 60 

Driving,  19  days 670. 00 

Total,  24  days 8008.80 

Unit  cost  of  labor — 
$  2.24  per  pile 
0. 098  per  lin.  ft. 
10.  84  per  M.  ft.  B.  M. 
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at  mean  tide  level  or  above  and  the  harbors  in  which  it  is  not  safe  lies  some- 
where between  New  York  and  Baltimore. 

The  rate  at  which  a  pile  dries  is  largely  dependent  on  temi>eratiire  and  reli- 
tive  humidity.  The  relative  humidity  varies  only  slightly  from  Maine  to 
Florida,  while  the  temperature  variation  is  considerable.  This  means  that, 
a  few  hours  after  high  tide,  piles  in  southern  waters  will  have  a  much  lower 
percentage  of  moisture  than  those  in  northern  waters,  which,  combined  with 
the  encouragement  to  the  growth  of  fungi  furnished  by  the  hifi^her  tempera' 
tures,  probably  accounts  for  the  variation  in  the  extent  of  the  zone  of  safiety. 

Life  of  Creosoted  Piles. — From  time  to  time  as  structures  are  demolished 
to  make  way  for  extensive  improvements  there  is  afforded  an  opportmiity  for 
observing  on  a  large  scale  the  behavior  of  treated  piles.  An  instance  of  tUf 
kind  is  noted  in  Engineering  and  Contracting,  July  23,  1919,  from  which  the 
following  is  taken: 

A  wharf  of  the  Southern  Pacific  Railroad  on  San  Francisco  Bay  was  removed 
to  make  room  for  port  improvements.  The  wharf  was  the  oldest  creosoted 
pile  structure  which  thus  far  had  been  dismantled  on  the  Pacific  coast  and 
contained  about  14,000  creosoted  piles  which  had  been  in  service  for  periods 
ranging  frpm  18  to  29  years.  Of  these  piles,  interest  centers  particularly  In 
600  which  were  of  Douglas  fir,  well  seasoned  before  being  treated  with  creosote 
by  the  Bethel  process  in  the  fall  of  1889,  and  were  driven  in  1800.  Records 
show  that  under  a  pressure  of  200  lb.  per  square  inch  and  a  temperature  of 
260°  F.,  the  piles  absorbed  14.17  lb.  of  creosote  per  cubic  foot. 

Of  these  600  piles,  33  were  selected  at  random  for  test  purposes  whm  the 
wharf  was  dismantled.  Out  of  this  number  22  (67  per  cent)  were  entirely 
sound ;  2  (0  per  cent)  had  been  slightly  attacked  by  borers;  6  (18  per  cent)  had 
been  severely  attacked  and  2  (6  per  cent)  were  so  damaged  as  to  be  unfit  for 
further  use.  These  percentages  were  t3npical  of  the  entire  lot,  it  Is  r^K>rted, 
and  about  70  per  cent  of  the  600  are  to  be  redriven  Just  as  they  are.  In  fftct, 
this  percentage  of  piles  suitable  for  redriving,  it  is  reported,  applies  approxi- 
mately to  the  entire  14,000  piles.  Those  not  as  suitable  showed  damage  CHiIy 
between  mud  line  and  high-water  mark,  and  other  portions  of  these  piles  were 
in  good  condition. 

The  results  of  this  study  are  believed  to  confirm  the  theory  that  a  creosoted 
pile  is  absolutely  immune  from  attack  of  marine  borers  such  as  exist  in  Padfle 
Coast  waters,  so  long  as  the  shell  or  portion  of  the  pile  impregnated  with 
creosote  remains  intact. 

Cost  of  Driving  Piles  for  the  Panama-Pacific  BxpositloB. — ^L.  F.  JjBWlttj 
in  Engineering  News,  July  30,  1914,  gives  the  following: 

The  site  on  which  the  Main  Exhibit  Palaces  of  the  Ezposltioin  are  located 
was  originally  a  tidal  flat  of  San  Francisco  Bay,  with  occasional  deeper  Mgliti 
that  had  been  dredged  out  for  wharves  and  anchorage  for  vessels.  About 
twenty  years  ago,  private  interests  received  a  grant  of  these  tidal  lands  and 
built  a  rock  sea  wall .  A  large  sand  hill  that  overlay  the  site  of  the  Concesefomi 
District  was  graded  and  the  excavated  material  deposited  over  a  laxge  portion 
of  the  submerged  area  but  the  work  was  not  carried  to  oompletian,  and  an 
area  of  water  about  80  acres  in  extent  remained  to  be  filled  by  the  Bjgpodtlon. 

Hydraulic  Fill;  Subsidence. — The  exposition  company  pumped  l,300iOOO 
cu.  yd.  of  fill  into  the  submerged  area.  This  brought  the  suffaoe  to  Etovr— 
2.75  approximately.  The  fill  material  averages  from  60%  to  70%  of  nad, 
the  remainder  being  mud  and  silt.  Due  to  the  superior  weight  and  dttlrity 
of  this  material,  it  crushed  its  way  2  to  5  ft.  into  the  soft  oose  of  the  old  bottomi 
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2an  No.  1  hammer  and  a  skidding  rolling  machine,  witb  a  S-dnim  0  x  10 
iting  engine.  Hammer  and  hoist  were  driven  by  compirooned  air.  The  log 
the  day  follows: 

7:00  a.  m. — 8:00  a.  m 27  pilas 

8:00  a.  m. — 9:00  a.  lu 23  piles 

(Delay  4H  niinutes  due  to  broken  steam  line;  raining  very  hard  from  8:1ft  a.  m. 
I  10:00  a.  m.) 

9:00  a.  m. — 10:00  a.  m 28  pilea 

10:00  a.m. — 11:00  a.  m 22  pilea 

(Delay  8  minutes  due  to  pile  fail  brealcing.) 

11:00  a.  m. — 12:00  a.  m 27  pilea 

12:00  noon — 12:30  p.  m lunch 

12:30  p.  m. — 1 :30  p.  m 26  piles 

(Heavy  rain  with  electric  showers  from  1:25  p.  m.  to  2:50  p.  m.  1:26  p.  ro.  to 
1 :40  p.  m.  air  pressure  dropped  considerably,  which  held  up  hammer. ) 

1:30  p.  m. — 2:30  p.  m 23  piles 

2:30  p.  m. — 3:30  p.  m 23  piles 

3:30  p.  m. — 4:35  p.  m 22  piles 

0  hours  and  5  minutes 220  piles 

Total  linear  feet  piles,  14,260.  Htopped  driving  at  4:36  p.  m.  as  ahipway 
No.  40  was  completed  and  there  are  no  remaining  piles  to  oe  driven  on  wt 
shipways  or  piers  on  Group  No.  5.  The  only  piles  vet  to  be  driven  are  fender 
piles,  dolphins,  sput  piles  and  a  few  special  piles  for  oertick  footings. 

The  Burwell  crew  since  it  began  work  at  Hog  Island  In  January  last  his 
driven  4,131  piles  with  a  total  of  24 1 ,573  lin.  ft.  The  record  cA  this  gang  for  6 
months  follows: 

Month  No.  days      Piles 

January 10  190 

February 11  361 

March 23  711 

Ai)ril 23  780 

May   27  1.470 

June 7  619 


Average 
No.  piles 

Av.  lin.  ft. 

Lin.  ft. 

per  day 

per  day 

8.631 

19.0 

863.1 

20,660 

32.8 

1.809.1 

42.730 

30.0 

1,857.8 

47.833 

33.9 

2.067.0 

86.173 

64.4 

3.101.6 

36.246 

88.4 

6.178.0 

101     4.131   241,673 

AveraRo  number  of  piles  per  day  (6  mos.) 42. 68                 f 

AvprSRO  linear  feet  per  day  (6  mos.) 2.901. 83                  ' 

Average  length  of  piles 68.  6 

Cost  of  Cutting  off  Submerged  Piles. —Arthur  C.  Freeman  in  Engineering 
and  Contracting.  Sept.  7.  1910,  gives  the  following: 

The  phyHical  conditions  encomitered  durhig  the  building  of  the  foundatioiu 
for  supporting  the  rails  of  the  Old  Dominion  Marine  Railway  at  Noffolk,  Va, 
retiuin'd  cutting  ofT  306  piles  under  water  at  a  depth  of  from  xero  to  26  ft 

There  were  not  enough  piles  to  be  cut  to  Justify  bringing  to  the  Job  a  stesm 
outfit  and  diver,  so  it  was  decided  to  make  a  device  for  cutting  by  hand  without 
t)ie  use  of  a  diver.    Thus  was  done  and  proved  a  complete  suoceas.    It  ooo- 
sists  of  a  rectangular  frame  4  ft.  3  ins.  wide  and  ^ith  varying  length,  nude  upcf 
2  \  2  X  ?8-in-  angles,  stiffened  by  curved  braces  at  the  lower  end  and  by  kner 
braces  at  the  upiHT  end  so  bolted  to  the  top  of  frame  that  the  length  fror 
saw  to  tlie  point  of  .support  is  adjustable  for  any  distance.    An  ordinaiy  4^ 
iT(xss-cut  saw  wa.s  attached  to  the  bottom  by  means  of  split  bolts  and  tii^htenr 
Ity  nuts  to  the  frame.     The  top  of  the  frame  has  a  small  hv  irtiitdi  fits  ir 
a  saddle  for  sui>port  at  the  center  of  the  top  of  the  ftame  and  fk«e  to  aUor 
nx-kiiig  motion  wliile  Restrained  from  rising  during  the  sawlnc.    Two  ro 
wert>  attaciied  to  the  side  of  frame  at  the  bottom  near  the  mw,  one  p^r  b 
to  supply  power  to  produce  the  see-saw  motion  fw  cutting,  the  other  to  a 
pr«>ssure  to  tlie  saw  in  the  line  of  cutting.    The  saddle  miipintinv  the  f 
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Ordinarily  a  concrete  pile  will  sink  in  the  Platte  River  of  its  own  weifl^t,  if 
properly  Jetted.  This  was  tried  by  the  contractor,  but  at  a  depth  of  40  ft. 
a  coarse  layer  of  gravel  was  encountered,  which  carried  off  the  water  as  fast  as 
it  could  be  pumped,  and  the  piles  would  sink  no  further. 

Not  deeming  it  advisable  to  hanuner  on  the  piles,  3  ft.  was  cut  off  of  each 
one,  and  the  following  method  used  in  sinking  them  so  that  they  would  rest  on 
the  clay: 

liy  means  of  a  specially  designed  sand  bucket,  which  will  be  described  later, 
a  22-ft.  length  of  3^-in.  steel  casing,  24  in.  hi  diameter,  was  sunk  until  the  top 
was  about  2  ft.  above  the  water.    Into  this  was  set  a  4(y-ft.  length  of  casing 

20  in.  in  diameter,  which  was  simk  until  it 
rested  on  day.    Thepile  was  then  set  into 
the  open  well,  and  the  two  sections  d 
casing  pulled.    The  sand  running  in  around 
the  pile-  held  it  as  firmly  as  if  it  had  beoi 
driven.    A  steam  tioist  and  derrick  handled 
the  casings  and  piles. 
The  bucket,  which  was  used  in  ezcavit- 
I     ing  and  sinking  the  casings,  is  shown  in 
Fig.  9,  and  is  described  as  follows:  A  piece 
H   H^fl-  i'l     4.U  "  '    ^'  heavy  steel  pipe  8  in.  in  diameter  and  6 

jn^^i  Leather  jt  long  ^^s  fitted  with  a  hinged  botUnu 

containing  an  ordinary  valve  opoiing 
inward.  The  bottom  was  held  shut  by 
means  of  a  dog,  which  could  be  tripped 
with  a  hammer  when  the  bucket  was  full 
of  sand.  Riveted  to  the  top  of  the  budcet 
was  a  steel  head  through  the  center  of 
which  the  piston  rod  slipped.  The  pisUtt 
was  an  ordinary  pump  piston,  with  leather 
attached.  In  operation,  the  bucket,  with 
the  bottom  closed,  is  dropped  to  the 
bottom  of  the  casing  by  means  of  a  gaso- 

FiQ.  9.— Section  of  pile    (1)  and   "'^^  hoist,  the  hoisUng  Une  being  fastened 
sand  buclcet  (2).  to  a  ring  in  the  upper  end  of  the  piston 

rod.  As  the  piston  is  puUed  to  the  top, 
tile  sand  is  sucked  in  at  the  bottom  and  the  bucket  settles.  When  the  piston 
is  at  tiu>.  upiH^r  end  of  the  bucket  it  strikes  the  top  and  bucket  and  all  Is  hoisted 
to  the  top  of  the  casing  and  dumped.  As  the  sand  is  taken  from  the  cadng 
it  settles,  due  to  its  own  weight,  and  to  a  number  of  sand  bags  on  a  platfonn, 
hanging  from  the  top  of  the  casing.  In  this  way,  with  a  gang  of  two  men  it 
30  cts.,  and  one  man  at  20  cts.  per  hour,  working  ten  hours  per  day ,  one  pDe 
could  be  placed  ptir  day. 

The  cost  of  sinking  the  piling  for  the  job,  excluding  superintendence,  ooitof 
equipment,  repairs,  etc.,  is: 


i'Leafher 
'^\i'Pl5fon  Ring 

i'Riveh 


U-i^rSfrap 


Hinge 
Valve 


Labor 

Coal,  xt  tons 

Gas,  210  gal. 

Total 

Sinking  cost  per  pile 

Sinking  cost  per  fin.  ft 

Total  cost  per  pile  in  place . . . 
Total  cost  per  lin.  ft.  m  place. 


$634.65 
81.50 
28.10 

$080.15 
8.84 
.381 
48.84 
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e  18  in.  square  at  cutoS. 
ether  with  %-m.  wire  hoopt 
and  8  In.  c.  to  c.  betwee 
>ve  tbe  required  elevation,  tl 
k.  Outside  tite  reinforcing 
:to2Min.  This  was  chlppei 
ledge,  leaving  the  rods  expos 
Ige  method  was  found  to  be 
e  torch.  This  left  the  con 
lere  the  projecting  pile  was  c 
muilla  rope  was  alung  arov 
bpped  the  pile  off  at  the  cut- 
ne  result  was  accomplished  I 
In.  steel  cable  attached  to  t 
cutting  out  the  concrete,  am 
le  for  each  pile  was  one  houi 


CHAPTER  XXIII 
BUILDING  CONSTRUCTION 

References. — For  further  data  on  cost  of  building  the  reader  is  referred  to 
Gillette's  "  Handbook  of  Coat  Data,."  Section  X,  which  contains  108  PMIV 
and  to  Gillette  and  Dana's  "  Handbook  of  Mechanical  and  Electrical  Cost 
Data,"  Chaper  III  which  contains  70  pages. 

Rapid  Methods  of  Estimating  Costs  of  Buildings. — ^In  Engineering  and 
Contracting,  Nov.  28,  1917, 1  gave  the  following  suggestions: 

The  square  foot  of  floor  area  and  the  cubic  foot  of  total  volume  are  the  two 
units  in  which  the  costs  of  buildings  are  commonly  expremed  by  those  frbo 
apply  rough  and  ready  methods  of  estifnating.  But  obviously  such  unit  costs 
are  subject  to  wide  variations,  even  in  buildings  of  the  same  type.  Mudi 
more  satisfactory  than  the  square  foot  of  floor  area  for  i^proximate  ooit 
estimating  purposes  is  the  square  foot  of  wall,  floor  and  roof,  with  the  base- 
ment and  foundation  estimated  separately.  Then  each  type  and  dass  of  wall 
floor  and  roof  can  be  estimated  by  itself.  * 

To  prepare  unit  costs  for  estimating  a  given  type  of  wall,  for  example,  thB 
estimator  first  prepares  a  bill  of  materials  for,  say,  100  sq.  ft.  of  wall,  and 
applies  imit  prices,  including  labor,  to  all  the  materials,  totals  the  Items  and 
divides  by  100.  The  same  is  done  for  windows  and  doors,  so  that,  knowiiv 
the  total  area  of  "openings"  the  cost  is  readily  estimated. 

Preferably  the  cost  of  columns  is  estimated  by  the  linear  foot,  but.  If  desired, 
the  cost  of  columns  may  be  included  as  a  part  of  the  cost  of  the  floors.  Base- 
ments may  be  estimated  by  the  cubic  foot,  to  which  may  be  added  the  cost  of 
any  special  foundation  work,  such  as  piling,  and  the  cost  of  the  floor.  The 
"  equipment " — plumbing,  heating,  lighting,  sprinkler  system,  elevators,  etc— 
should  be  estimated  separately;  but  this,  at  least  in  part,  may  often  be  esti- 
mated by  the  square  foot  of  floor  area.  Thus  the  cost  of  a  factory  heatlnr 
system  may  be  taken  at  25  cts.  per  square  foot,  and  the  cost  of  a  fire  sprinkler 
system  at  20  cts.  per  square  foot  of  floor. 

Between  the  very  crude  method  of  expressing  the  entire  cost  In  tenns  of  tte 
square  foot  of  floor  area  and  the  very  refined  method  of  detailing  all  quanti- 
tives  in  a  building,  there  stands  the  method  above  suggested.  In  wUdi  com- 
posite units  of  different  types  and  classes  are  used. 

How  to  Estimate  by  the  Square. — I.  P.  Hicks  gives  the  followliig  In  thi 
National  Builder,  Oct.,  1920. 

It  has  long  been  the  desire  of  carpenters  and  contractors  to  find  80016  pno* 
tical  short  way  of  estimating  that  would  do  away  with  the  labortouB  Job  ^ 
making  out  bills  of  material  in  detail.  We  will  now  show  bow  to  maks  en** 
binations  in  a  safe  and  practical  way  which  caok  be  used  to  mw9  a  Itf^ 
amount  of  the  ordinary  figuring.    We  have  arranged  the  Itema  ao  tbit  ^ 
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[iteiB  and  cootractois  can  All  li 
t  the  job  whicti  they  have  on  I 
The  combinations  are  to  be  mt 
Us  or  the  house  may  be  sided. : 
figured  at  a  different  rate  per  s<i 
combined  to  QC  the  Job.    The 

lor  that  goes  into  every  part  of 
flver  at  all  for  another  and  It  al' 
I  discriminating  judgment  in  mi 
what  system.    A  good  record  t 

y  upon.  Keep  a  record  of  yo 
aely  and  you  vtll  soon  be  able  t 
1  per  piece  that  you  can  depei 
!  work  of  estimating  to  a  large 
m  abort  cuts  In  estimating.  It 
rta  of  the  work  aa  you  can  cons: 
n.  Things  that  can  not  be  fl) 
ely  and  add  them  to  your  esti 
en  will  enable  one  to  figure  the 
>ve  the  foundation  without  mab 

work,  heating  and  plumbing  e 
ke  the  complete  estimate.  It  I 
stiy  that  the  carpenter  contrac 

cost  of  building: 


Carpenter  labor  laying  rouil 
Carpenter  labor  laym;  Goisii 

Na^E'for'tram^ng'^'^'"*.  "^ 


i'he  above  form  ghows  how  you 
ipsum.  Inmakingyourtotal 
inple  all  floors  may  not  have  thi 
,  the  finish  floor  and  the  rougl 
ne  floors  may  not  have  to  he  ■ 
It  such  parts  as  are  not  required 
job  you  are  to  figure.  The  qu 
;  the  quantities  of  rough  and  fii 
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Outside  Wauj  Cost  Per  Squabb 


Outside  studding,  size.  .  .  .set.  . .  .inch  centers $. 

Outside  sheathing 

Siding 

Shingles 

Stucco  material 

Building  paper 

Labor  framing 

Labor  sheathing 

Labor  siding 

Labor  shingling  outside  walls 

Labor  applying  stucco 

Nails  for  framing 

Nails  for  sheathing 

Nails  for  siding 

Nails  for  shingling 

Nails  for  applying  stucco  board  or  lath 


Total  per  square $ . 


Not  all  of  the  above  items  will  be  likely  to  be  required  on  any  one  job: 

reaching  a  total  combine  such  items  as  will  be  requiied  on  the  job  y 

are  estimating. 

Pabtition  Cost  Pbb  Squabb 


Studding,  size set inch  centers 

Labor,  framing 

Nails 


Total  per  square $ . 

Ceiling  Cost  Per  Squabb 

Joists,  size set inch  centers $ . 

Labor,  framing ■. 

Nails 


Total  per  square 

Roof  Cost  Per  Square 

Rafters,  size set inch  centers 

Sheathing 

Shingles . 

Asbestos  shingles 

Slate  roof 

Tile  roof 

Tar  and  gravel  roof 

Textile  shingles 

Rubberoid  roof 

Canvas  roofing 

Tin  roof 

Labor  framing 

Labor  sheathing 

Labor  shingling 

Labor  asbestos  8hinglc.«< 

Labor  slate  roof 

Labor  tile  roof 

Labor  tar  and  gravel  roof 

Labor  textile  roof 

Labor  rubberoid  roof 

Labor  canvas  roof 

Labor  tin  roof 

Nails,  framing 

Nails  sheathing     

Nails  shingling 

Nails  for  other  roofings   


Total  per  square 


BUILDING  CON 
)lilatio[iB  and  total  according  to  Iclnd 


Porch  Flook  Cost 

Joists  size tei inch  cents 

Labor  franii'ne 

Nails  Boorin* 


.t.=*t 

.  Foot 

Total  cost  per  iqusre 

Cornice  Cost  Peb  I 

* 

PUncer 

nIiu'"^. .:.:.'.::  ".".". 

DSkiiig  totals  figure  only  such  items  as  i 

ipplyi 

■otbeii 

.b,ou«ee,lim 

Labor  lor  setting  the  same 

WiKBOW  Cost  Coupls 
Frame,  cost,  material  and  labor,  siie. 

.... 

t 

Inside  trim  fnr  finish 

Fitting  sash 

r;-: 

.  <- 

llalie  toUls  according  t 
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Cost  Outbids  Doobs  Complktb  in  House,  Cabbd  Omc  Sidb 


Frame  material  and  labor,  etc S 

Cost  of  door 

Casings  for  finishing 

Storm  door 

Screen  door 

Labor  setting  door  frame 

Fitting  and  hanging  door 

Casing  and  finishing 

Fitting  and  hanging  storm  door 

Fitting  and  hanging  screen  door 

Nails  and  hardware 


Totals. 


Cost  Interior  Doors  Complete  in  House,  Cased  Two  Sides 


Cost  of  jambs,  material  and  labor,  size 

Cost  casings,  cased  two  sides,  steps  included . 
Labor,  cost  setting  jambs 

Fitting  and  hanging  door 

Casing  and  finishing 

Nails  and  hardware 


Total  cost  per  door . 


Cost  of  Sliding  Doors  Complete 

Single  Double 

Cost  of  jambs,  sue $ t 

Cost  of  doors ' 

Cost  of  casings,  two  sides  and  steps 

Labor,  setting  jambs 

Pitting  and  hanging  doors 

Casing  and  finishing 

Nails  and  hardware 


Totals 


Cost  of  Folding  Doors  Complete  m  House 


Cost  of  jambs,  size 

Cost  of  casings,  two  sides  including  stops . 

Doors 

Nails  and  hardware 

Labor,  setting  jambs 

Hanging  doors 

Casing  and  finishing 


Total  cost $. 

Inside  base  lineal  foot S . 

Floor  mould 

Nails 

Labor 


Total  cost. 


Cost  of  Picture  Moulding  Pee  Foot 

Picture  mould . ., 9.. 

Nails ■•  - . 

liabor 


Total  cost • ^ 


COBT   OP   ROOH   C 

Material  per  fnot 


Material  per  t. 


NailB.. 
Labor.    .- 

Total  c( 


Nails.. 
Labor..,. 

Total  c< 


•iril  Floor  Joitl.—The  joist  ClU 
h  other  in  tbe  center  and  bespil 
IT  joist  plan  will  sbow  the  nun 
in  there  is  no  lloor  joist  plan.  < 
iccupy  by  4  and  multiply  the  q 
h  partition,  to  double  the  joisi 
letlraea  the  joist  cannot  be  apai 
:a  It  Is  aometimes  necessary  to  h 
;  floor  joiat  are  generally  take: 
r  joiat  from  the  first  floor  pla 
!  second  floor  plan  must  also  1 
t  are  being  taken  off,  as  for  dou 

r  the  Iront  porch. 
artitionn. — In  taking  ofl  the  nui 
1  partition  should  be  taken  by  i 
livlded  by  4  and  multiplied  by 
jld  be  made  for  openings,  aa  tl 
aing  will  talte  the  ones  left  out 
laics. — Figure  a  single  plate  at  t 
)earine  partiliona;  partitions  th 
e  at  each  eod.  Outside  walla  f 
utaide  Widl  auis,— Studa  for 
:ers.  not  taking  out  any  operdni 
it  be  doubled. 

tfleri.—M  16  Inch  centers,  tl 
nch  centers,  then  di\'ide  the  spi 
Rra  when  figuring  out  a.  bill  of 
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inches  to  each  foot  of  run.  Take  a  building  24  feet  wide  with  a  projection  of 
2  feet  on  each  side;  then  the  starting  place  for  the  roof  will  be  24  feet  plus  4 
feet  or  28  feet  wide.  One-half  of  28  equals  14  feet  run;  6  times  14  equala  70. 
or  70  inches  to  be  added  to  14  feet,  or  10  feet  10  inches;  it  will  then  require 
a  timber  20  feet  long  for  the  rafter.  For  the  one-third  pitch  roof  add  2H 
inches  to  each  foot  of  run. 

Shiplap,  Flooring  and  Siding. — For  8-inch  and  10-inch  shiplap  add  15  per 
cent  or  one-seventh  of  the  number  of  square  feet.  If  there  are  1,400  square 
feet  requiring  shiplap  it  will  take  one-seventh  of  1,400  or  200  square  feet  eitn 
to  cover  the  same  or  1,600  feet.  For  6-inch  flooring  add  one-fifth;  for  4-iiidi 
flooring  add  one-fourth,  and  for  2-inch  flooring  add  two-fifths.  For  6-Iiidi 
lap  siding  add  three-tenth,  for  5-inch  siding  add  one-third,  and  for  4-injdi  aid- 
ing add  two-fifths. 

Roof  Sheathing. — Take  the  number  of  square  feet  in  the  roof. 

Shingles. — If  laid  4^i  inches  to  the  weather  it  will  require  about  000  shing^ 
to  the  square  of  100  square  feet,  but  as  there  is  always  a  waste  it  is  safer  to 
figure  1,000  shingles  to  the  square. 

Plastering. — Multiply  the  length  of  a  partition  by  the  height  and  divide  it 
by  9 ;  for  the  ceiling  the  same.  It  is  safer  to  take  each  room  by  itself  ndien  the 
actual  number  of  yards  must  be  had.  If  the  height  of  a  ceiling  is  0  feet  then 
every  foot  of  run  will  be  1  yard.  No  allowance  is  made  for  openings  udImb 
they  contain  more  than  40  square  feet.  The  rules  are  different  In  moit 
cities.  If  the  openings  are  taken  out  the  contractor  must  figure  more  per 
yard. 

Lathing. — It  takes  about  14  lath  4  feet  long  to  make  one  square  yard.  The 
price  for  lathing  varies  in  different  cities,  and  one  figuring  work  must  figure  the 
price  figured  in  the  city  where  the  work  is  to  be  done.  Metal  lathing  Is  alio 
done  mostly  by  the  square  yard,  though  sometimes  by  the  day. 

Painting. — Painting  is  mostly  figured  by  the  square  3rard.  When  lap  sldiiv 
is  used,  allowance  must  be  made  for  the  under  edge  of  the  siding.  Measure 
the  projection  of  the  cornice.  No  allowance  is  made  for  windows  u  the^  take 
more  work  than  if  it  were  all  solid.  Inside  doors  generally  are  figured  the  nine 
way,  by  the  number  of  square  yards  they  contain.  A  2  ftot  6  indies  by  7  feet 
door  with  the  jambs  and  casing  will  contain  about  8  square  yards  on  eadi 
side.     Floors  are  very  easily  figured  by  the  square  yard. 

Cement  Work. — Some  contractors  flgrure  cement  work  by  the  cubic  yard  and 
some  by  the  cubic  foot  for  foundation  work,  footings,  etc.  Cement  floois 
and  sidewalks  are  figured  by  the  square  foot  of  surface.  Cement  blocks  an 
figured  at  so  much  a  block;  prices  vary  in  different  localities  aocordli^pto 
wages  paid  and  the  price  of  material.  A  cubic  yard  of  sand  and  graYel  con- 
tains 27  cubic  feet.  One  sack  of  cement  contains  1  cubic  foot  of  cement. 
When  water  and  cement  are  added  to  pit  gravel  it  settles  more  solid  than  the 
loose  gravel  and  when  in  place  it  will  only  measure  about  25  cubic  feet;  lo 
when  figuring  cement  work  obtain  the  actual  number  of  cubic  feet  and  dtrlde 
it  by  25,  which  will  give  the  number  of  yards  of  pit  gravel  required.  A  wall 
containing  600  cubic  feet  will  require  600  divided  by  25  or  94  yards  of  sand 
and  gravel.  A  mixture  of  1  part  of  cement  to  6  of  gravel  wiU  require  100  aadn 
of  cement,  4  sacks  to  a  barrel  or  25  barrels.  For  top  dressing  it  will  take  man 
cement,  as  the  mixture  is  sometimes  in  equal  parts  and  sometimes  1  of  eement 
to  2  of  sand.  For  cellar  fioors  or  sidewalk  work,  detennbse  the  nmnber  of 
cubic  feet  of  concrete  by  multiplying  the  length  by  the  width  in  feet,  than  If 
4  inches  thick  divide  by  3.     A  floor  10  X  30  feet  will  then  liaTe  10  X  10  or 


BUILDING 

feet;  divide  300  by  3  u 
For  the  top  dressing,  wl 
iB  floor  10  X  30  feet  equi 
'tding  300  by  12  we  hav 
feet.     One  cubic  yard  o 

It  wili  talie  25  sacks,  4  G 
le  Hfe  used,  mixed  witti  i 
as  the  sand  will  All  the  ' 

0  cubic  feet  of  solid  coi 
ubic  Feet  of  inaterial.     A 

1  would  then  take  600  <il 
;  460  cubic  feet  gravel  oi 
>r  800  cubic  feet  of  aolid 
irt.— When  figuring  bfic 
)  times.  Brick  are  gent 
a  4-inoh  wall  figure  7H 
ranS-inwall,  22Mrora 

inch  in  thickness.  W 
do  a  certain  job,  take  I 
a  and  multiply  by  6Kt 
ones.  For  mortar  to  li 
of  lime  and  about  %  ji 
lela  Hrae,  l  barrel  cemen 
mortal  required  depeni 
'tar  coloring  requires  a 
nding  on  the  ahade  ofi 
irib. — Stone  walla  for  fou 

ired  as  one  perch  Mid  I 


perch  In  a  wall  if  18  ii 
.then  by  1(4  and  divide 

long.  S  hi.  high,  IS  li 
of  wan. 

Trim.— The  interior  trin 
id  figured,  but  the  conti 

out  for  figures  to  dltfen 
ickness.  and  the  kind  c 
ilsn  the  number  of  wini 

whether  for  a  wood,  pli 
ig  and  number,  niimbei 
d  mould,  etc.;  number 
Indow  and  door  stops;  si 
eet  of  railing,  number  of 
hair  rail,  and  closet  str 
f,  seats,  colonnade,  etc. 
-. — Make  out  a  list  of  ha 
Iware  dealer  give  jrou  a 
^y.  When  inaklnR  out 
s  and  .size  of  same;  vail? 
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roof  and  flashing;  drawer  pulls,  sash  lifts  and  locks,  weights*  sash  cord.  Fig- 
ure the  nails  as  follows:  5  lbs.  of  shingle  nails  to  each  1,000  shingles,  18 
lbs.  siding  nails  to  1,000  feet  siding,  20  lbs.  8d.  for  sheathing  and  25  lbs.  for 
4-in.  and  6-in.  flooring  per  1,000  ft.     Dimension,  20  lbs.  per  1,000  ft. 

Estimating    carpenter    labor   with   labor   at    50    Cts.  per  hour.      No  exact 
method   can   be  established  to  do  carpenter  work.    Bome  men  do  more 
work  than  others  in  a  day,  which  makes  a  difference  in  estimating.     A  very 
close  average  can  be  had  by  keeping  track  of  work  done  on  other  buildings. 
The  following  is  a  very  close  way  of  estimating;  it  is  better  to  make  your 
estimate  too  high  than  too  low  and  lose  money  on  work.    Add  together  the 
number  of  feet  of  lumber  required  for  the  framing,  sheathing  for  outside 
wall,  roof,  and  for  sub  floors,  siding  and  partition  studs  and  figure  the  same 
at  $15  per  thousand  feet.     Suppose  there  are  15,000  feet  of  lumber  requind 
for  a  residence;  at  $15  per  thousand,  the  labor  would  cost  $225  to  put  all  of  the 
lumber  in  place.    For  a  onenstory  porch  with  floor,  ceiling  and  wood  shingle 
roof,  the  labor  will  cost  about  25  cts.  per  square  foot  of  floor  surface.    A 
porch    10  ft.   wide  by    16  ft.  long  contains  160  sq.  ft.;  thus  at  26  cts. 
per  square  foot  will  amount  to  $40  for  labor  to  build  the  porch.     For  » two- 
story  porch  40  cts.  per  square  foot  if  screened. 

Hard  Wood  Floors. — To  lay  and  scrape  a  hard  wood  floor  is  worth  6  cts. 
per  square  foot  of  floor  laid.  A  room  12  X  20  ft.  contains  240  sq.  ft. 
of  floor  space,  and  at  5  cts.  jier  square  foot  will  amount  to  $12.  For  yellow 
pine  floor  flgure  at  3  cts.  per  square  foot. 

Exterior  Trim. — Find  the  number  of  feet  required  for  exterior  trim  and 
multiply  by  $20  per  thousand  feet. 

Window  Frames. — To  set  the  frame,  hang  the  sash  and  do  the  casing  for 
ordinary  windows  it  is  worth  $1.50  each  for  yellow  pine  and  $1.75  for  oak. 

Door  Frames. — To  set  case  on  outside  frames,  hang  the  door  and  put  on 
lock  and  stops  complete,  $2  each.  Inside  Doors. — ^To  set  Jamb,  case,  hang 
and  put  on  lock  and  stops  for  yellow  pine,  $1.75  each;  oak,  $2.25.  Cupboanl 
from  $8  to  $10.     Base  3  cts.  per  running  foot;  picture  mould,  76  cts.  a  room. 

Stairs. — Main  stairs  from  $8  to  $10,  cellar  stair  $2,  and  rear  stairs  $4. 
Porch  steps — ^front,  $4;  rear,  $2.  Screens,  40  cts.  each;  colonnade  firom  $6  to 
$8;  seat,  $4  to  $6.     Cased  openings.  $2. 

Component  Costs  of  Building  Construction. — ^At  the  national  conference 
of  the  construction  industries  held  hi  Feb.,  1921  at  Philadelphia,  Baiday       j 
White,  a  contractor,  of  that  city,  gave  some  information  on  this  subject  that 
should  be  of  interest.    The  following  abstract  of  his  statement  is  given  In       I 
Engineering  and  Contracting,  June  22,  1921.  ! 

The  relative  values  of  the  various  parts  of  the  building  haYB  not  been  very       | 
carefully  studied  heretofore  but  we  have  made  an  attempt  to  fix  an  appaa^      J 
mate  proportion  covering  the  whole  building  field  in  this  territory.    We  have       ' 
gone  about  this  by  taking  a  composite  of  building,  which  includes  a  reinforoed 
concrete  factory  building;  slow  burning  or  heavy  oonstructton  warehouBe 
building  with  brick  walls;  the  typical  style  of  two-story  dwelling;  detadnd 
brick  and  frame  residence;  stone  schoolhouse  with  vrood  floor  oanstructlon: 
fire-proof    institutional    building;    the    apartment   house;   and   the  steel 
frame  office  building. 

II ow   the    Costs  Were  Arrived  At. — From  OUT  OWn  lecords  Of  OOSt  WB  hsvt     ' 
taken  typical  instance  in  each  of  these  eight  types  of  building  and  have  divided 
it  up  according  to  the  actual  cost  figures,  into  labor  and  materials,  and  Ian 
then  trit'd  to  proportion  the  various  types  of  building  as  nearly  as 
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Per  eeat 

ateriala: 

Lumber  for  znillwork,  concrete  forms  and  structure  delivered  at 

site S  8.86 

Bricks — delivered  at  site 8. 10 

Steel — structural,  miscellaneous  and  reinforcement,  delivered 

at  site 6 .  98 

Boilers,  heaters,  piping,  etc.,  for  heating 8. 06 

Plumbing  fixtures,  piping,  etc 2.  76 

Cement  f .  o.  b.  cars 2.  60 

Hardware,  nails  and  similar  misc.  materials 1.  78 

Sand,  delivered  to  site 1 .  60 

Electric  fixtures,  conduit  wire,  etc 1.  60 

Stone,  slag  and  pebbles  for  concrete 1. 40 

Sprinklers  and  fire  protection  apparatus  and  minor  unclassified 

items 1.  04 

Building  stone .00 

Paint 76 

Roofing  and  sheet  metal  materials .70 

Plastering  materials  (no  sand) .06 

Lathing  materials .66 

Steel  sash,  etc.,  delivered  to  site .60 

lame  (no  plaster) .46 

Glass 40 

Cut  stone  (materials)  and  terra  cotta .38 

Elevators  (delivered  to  site) .28 

Mechanical  equipment,  cranes,  etc .21 

Tile  and  marble  (materials  only) .10 

48.88 

Overhead  expense  and  Profit: 

Office  rent,  taxes,  interest,  depreciation  of  equipment,  cenraml 

expense  and  overhead  (not  wages) 6. 80 

Net  compensation  of  all  sub-contractors  (assumed  aa  doinc 

65  %  of  the  work  direct) 8.  00 

Net  compensation  of  general  contractor  (assumed  M  doins 

35%  of  the  work  direct  and  supervising  the  balance)  8.42 

100.00 

Cost  of  College  Bttildings  from  1881  to  1918w — ^Interesting  InfonnAttoa 
on  building  costs  at  the  University  of  Wiaconsin  from  the  period  txom  1851 
to  1916  is  given  by  Arthur  Peabody,  State  Architect  of  Wisconsin,  in  ma  artide 
in  the  Wisconsin  Engineer,  from  which  the  matter  following  1b  abstracted  ta 
Engineering  and  (Contracting,  June  26,  1918. 

Th(^  original  buildings  at  the  University  consisted  of  three  balls  and  a 
residence.  These  buildings  were  completed  by  1867,  after  which  for  14  yean 
no  otheis  were  added.  They  were  constructed  of  local  stone,  the  walls  beinc 
of  rubble  masonry  with  a  facing  of  ashler.  The  floors,  roof  and  partitioiif 
were  of  timber.    The  costs  of  these  four  structures  were  as  follows: 


Cubie    Cost    per 

Year  feet,         en.  ft, 

built  cross  eta. 

18-)!  North  Hall 881,655  6.0 

IS')')  South  Hall 881 , 650  6. 4 

IS')')  RoHidenoc  of  director  of  observatory 110,000  4. 5 

1S57  Univprsity  HaU 682,500  0.3 

Average  for  4  buildings 7. 5 

The  buildings  erected  between  1871  and  1887  followed  the  general  piaetfee 
of  coiLstruction  employed  in  the  other  buildings.  The  cost  per  cubic  foot  of 
these  buildings  ranged  from  5.1  cts.  for  a  structure  erected  in  1870  to  17.7  da 
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b«en  1.2  cti.  pet  cubic  toot  uid  the 
cost  of  the  electrical  wock  Ims  been  O.S 
da.  pet  cubic  toot.  The  total  cost  of 
aJl  buUdlnsH  baa  been  19.6  eta.  percub^ 
foot.  Bids  laJcen  Dec.,  I9le  indicated 
an  Increese  In  tlie  cost  ot  canstmctLon 
uaounting  to  Se  per  cent  above  coatncU 
let  a  year  previous  to  that  date. 

Doit  Coiti  of  Jortr-SeTBD  Scbool 
Buildings  (Engineering  RecoFd,  Oct. 
4,  iei3). — Total  ccHtB  at  toity-atna 
schiMl  buildings  in  Boston  are  given  In 
tlie  (1SI2)  annual  tepott  of  tbe  School- 
liouBB  Depaitment,  and  from  thno 
Sgures  the  cubical  coateots  and  tin 
number  of  pupUs  acconunodated,  ccsti 
per  cubic  toot  and  per  pupil  are  delved. 
Tbe  total  costs  range  trom  (23.000  to 
S32B.000,  tbe  number  ol  pupils  per 
school  varying  from  lao  to  ISO. 
The  costs  per  cubic  toot  are  very  uni- 
form, averaging  between  22  and  33  cents, 
two  running  as  low  as  IT  cents  and 
one  as  high  aa  28  cents.  The  coab 
pet  pupil  fluctuate  more  widely,  rang- 
ing from  S117  to  (208,  exclusive  ol 
several  high  school  and  normal  adiod 
buildings,  In  which  tbe  cost  per  pupil  is 
as  hlgb  as  te«].  The  flgures  ate  further 
divided  Into  the  building  propet,  hwt- 
Ing.  plumbing  and  electrical  equipment. 
The  buildings  proper  cost  from  76  to  SS 
per  cent  of  tbe  wbole,  tbe  heating  trom  6 
to  16  (moat  of  them  being  from  8  to  11 
per  cent] ,  the  plumbing  4  or  C  per  cent, 
except  In  a  tew  casee  as  low  as  3  or  li 
high  as  fi,  and  the  electrteal  equlpomt 
slightly  less. 

Coat  of  Bine  SeboDl  BvUdlogs  la 
CindnnatL^W.  P.  Andenua,  In  Engl- 
neerlDg  Record,  Aug.  T,  ISOS  gtv«s  llw 
following: 

Coats  of  VareluiBaeB  at  Havy  Tuts. 
—Civil  Engineer  Klrby  Smith,  V.  B. 
Navy  tn  "  Public  Wwki  ot  Ow  Vvj.' 
and  In  Engitwerln 
Aug.  28, 1018.  gives tbatt 

The  general  featnna  of  dMisilla 
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For  twenty-two  buildings  the  building  and  equipment  costs  percu.  ft.  were 
as  follows: 

_  Per  cu.  ft, 

Item  eta. 

Total  building 38.2 

Heating  and  ventilating 3.*3 

Electric  system 0.9 

Electric  fixtures 0.3 

Plumbing 2.9 

Refrigeration 1  [  2 

Vacuum  cleaner  system 0.2 

Elevators o!  7 

Kitchen  equipment 0.4 

Power  plant '. 4,7 


Total  62.8 

The  segregated  building  costs  per  cu.  ft.  for  thirteen  hospitals  were  M 
follows: 

Per  cu.  ft, 
Item  oto. 

Excavation 2.8 

Masonry 12.4 

Structiu>al  steel 4.5 

Carpentry 2.8 

Roofing 1.0 

Glass  and  glazing 3.0 

Skylights  and  sheet  metal 1.1 

Painting 0.8 

Lathing  and  plastering 1 .  28 

Composition  flooring 0.8 

Tiles,  mosaics  and  marbles 2.11 

Hardware 0.6 

Cast  iron 2.2 

Total 48.2 

In  determining  cubical  contents  the  author  states:  "Measurements  should 
be  taken  from  the  basement  or  subbasement  Gowest)  floor  level  to  the  meui 
of  the  outside  of  the  roof,  and  from  outside  to  outside  of  walls.  In  other 
words,  the  cubic  feet  of  air  displaced  by  the  exterior  dimensions  of  the  build* 
ing  should  be  considered,  eliminating  approaches,  balustrades  and  other 
projections  not  enclosing  space." 

Cost  of  Fireproof  Loft  Building,  Chicago. — ^Harold  Doerr,  In  Englneertav 
and  Contracting,  March  18,  1914,  gives  the  following: 

The  building,  completed  in  the  fall  of  1913,  is  seven  stories  hJgfa  with  pro- 
vision for  the  addition  of  three  stories  in  the  future  and  covers  an  inside  lot 
50  X  170  ft.  The  foundations  are  of  reinforced  concrete  havinif  a  ma.^timnn 
thickness  of  3  ft.  1  in.  and  cover  practically  the  whole  buUdinir  uea. 

The  foundation  and  columns  are  stronger  than  are  actually  required  to  meet 
the  present  conditions.  The  present  roof  beams,  which  are  to  form  the  fkame- 
work  for  a  future  eighth  floor,  have  been  set  level.  The  pitch  of  H  h&.  in  1  ft. 
required  for  the  roof  is  obtained  by  means  of  a  graded  cinder  fill,  over  wlilch  h 
built  a  1-in.  layer  of  cement  mortar,  mixed  in  the  pr(^>orti(ms  of  1  part  cement 
to  2  parts  sand,  on  top  of  which  was  laid  a  tar-and-gravel  roof.  ThsTB  aze 
three  pent  houses  on  the  roof  for  the  tanks  and  two  elevaton  in  additlOB  to 
a  stair  hatch.  The  building  contains  a  large  six-ton  high-speed  IM^rt  ele- 
vator, large  enough  to  allow  a  truck  to  drive  onto  it  from  the  alley,  and  a 
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The  area  is  59  X  254  sq.  ft.  and  the  height  is  one  story.  A  raised  iilatfonii  k 
built  of  reinforced  concrete.  There  are  three  fire  walls.  Thp  building  hiB  t 
basement.  The  cost  of  the  entire  building  per  cubic  foot  was  6.7  cts.  ThB 
cost  of  the  office  portion  of  the  building  was  12  cts. ;  of  the  freight  house  po^ 
tion  5.7  cts.  and  of  the  platform  was  80  cts.  per  square  foot. 

A  roundhouse  of  16  staUs  was  built  by  the  Lehigh  Valley  R.  R.  at  Ckxxtoo, 
Pa.,  at  a  cost  of  $50,000.  The  foundations  were  of  1 : 3  : 6  concrete  and  tbt 
columns,  roof  beams  and  roof  of  1 : 2  : 4  concrete.  The  side  curtain  walls  iren 
of  plastered  hollow  tile.  The  floor  was  also  of  concrete.  The  windows  wen 
of  wood.  The  cost  per  stall  was  $3,125.  or  8  cts.  per  cubic  foot,  or  $1.87  per 
square  foot.    The  cubic  content  of  the  roundhouse  was  626,040  cu.  ft. 

Costs  per  Square  Foot  of  Buildings,  Panama-Pacific  Exposition. — ^A.  H. 
Markwart,  in  Engineering  Record,  June  6,  1914,  giyes  the  following: 

Tabxjd  v. — DiicuNSiONS  AND  CosT  OF  BuiLDiNOB,  Panama-Paoivxc  BixfommoM 

— ^Floor 


^  JL  ■►^  •  ^ 

«  .  .3  ^         S    ^        5  If 

Palace  |^  >-  -< « *        ^  g^^^        g 

Agriculture 579  X  639   20,634,000    62  6  $425,610  828. 68S  $1.30 

Education 394  X  526    14,053,000    68  6  304,263  205, 100  1.48 

Festival  HaU 270.000    67,400  4.70 

Fine  Arts 580,000  204.826  2.84 

Food  Products 424X579    15,609.000    66  0  342,551  286,680  1.45 

Horticulture 341,000  201,000  1.70 

Liberal  Arts 475X585    16,038,000    64  0  844,180  251,800  1.87 

Machinery 367X967   38,000,000  103  0  650,665  869.000  1.78 

Manufactures 475X552    15,650.000    67  0  841.060  284.000  1.46 

Mines  and  Metallurgy  451  X  579    16.199,000    64  0  350.445  252.000  1.48 

Transportation 579X614   20,413,000    66  0  481.677  814,000  1.51 

Varied  Industries 414X541    14,648.000    67  0  812,691219,000  1.48 

Cost  of  a  Cotton  Storage  Shed. — E.  S.  Pennebaker,  Jr.  (EngineeriniK  News. 
Jan.  2,  1913)  describes  a  large  cotton-storage  shed  at  Mobile.  A1&.,  to  prorlde 
for  the  protection  of  cargoes  of  export  cotton  from  damage  by  bad  WMther. 
It  is  a  timber  structure  135  by  410  ft.,  covering  a  smooth  ooncrote  floor,  aiMl 
fronting  the  Mobile  River. 

The  building  was  erected  and  thoroughly  equipped  by  Uilbor  oootzaot,  tte 
railway  company  furnishing  all  materials.  The  work  was  done  under  the 
supervision  of  the  construction  department  and  completed  in  apprazinuMdy 
60  working  days  at  a  cost  of  22.2  cts.  per  sq.  ft.  of  floor  area,  eoBdUBtve  of  fin  line 
and  lighting,  or  at  a  total  cost  of  27.5  cts.  per  sq.  ft.  of  floor  ues.  This  stmo- 
ture  covers  a  floor  area  of  nearly  l>i  acres,  and  has  a  capacity  of  7000  balm  of 
compress  cotton  piled  single  tier.  It  is  provided  with  ample  fin  pmCeotlaii. 
is  lighted  with  tungsten  lamps,  and  is  served  with  trade  fidUtlea  wliicli  nduoe 
to  a  minimum  the  cost  of  shipside  delivery. 

1921  Cost  of  Building  Materials. — The  Architect  and  iBngin^^i  gi^PH  ttaB 
following,  based  on  reliable  information  fumiahed  by  Benftmcieeoinateiiri 
houses.     Date  of  quotations,  June  20,  1021. 

All  prices  f .  o.  b.  cars  San  Francisco  or  Oakland.  For  eaumry  WMk  edi 
freight  and  cartage  to  prices  given. 
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Iron — Coet  of  ornamental  iron,  cast  iron,  etc.,  depends  on  design. 

Waoe — Iron  workers,  bridge  and  structural,  S0.25  per  day. 
Lumber — (Prices  delivered  to  bldg.  site) 

Common,  $34  per  M  (average). 

Common  O.  P.  (select),  $45  i>er  M  (average) 

Flooring — 

1  X3  No.  1 $77.00  per  1000 

1  X  3  No.  2 72.00  per  1000 

1  X4  No.  1 73.00  per  1000 

1  X  4  No.  2 70.00  per  1000 

1  X  4  No.  3 47.00  per  1000 

1  X  6  No.  2  and  better 73.00  per  1000 

IK  X  4  and  6  No.  2 75.00  per  1000 

Slash  grain,  1  X  4  No.  2 48.00  per  1000 

Slash  grain,  1  X  4  No.  3 39.00  per  1000 

No.  1  common  run  to  T.  &G 35.00  per  1000 

Lath 6.50  per  1000 

Shingles — (Add  cartage  to  prices  quoted) 

Redwood,  No.  1 $1.00  per  bdle. 

No.  2 90  per  bdle. 

Red  Cedar 1 .  10  per  bdle. 

Hardwood  Floors — 

Maple  floor  (laid  and  finished),  30cts.  per  foot. 
Factory  grade  floors  (laid  and  finished),  20cts.  per  foot. 
Oak  (quartered,  finished),  40ct8.  per  foot. 
Me  Oak  (clear),  30ct8.  per  foot  (plain). 
Ms  Oak  (select),  28cts.  per  foot  (plain). 
Me  Oak,  quartered,  sawed,  clear,  35ct8. 
Wage — Floor  layers,  $9.35  per  day. 

Per  Ma 
Hardwood  Floors  (not  laid) — 

Me  X  2''  sq.  edge  Clear  quartered  oak S173.50 

Select  Quartered  oak 121 .  SO 

Clear  plain  oak 119.00 

Select  plain  oak 96.00 

*Me  X  2H"  face  Clear  quartered  oak 210.00 

Select  quartered  oak 144.00  i 

Clear  plain  oak 167 .  60  \ 

Select  plain  oak 114 .00  | 

Clear  maple 1S4.60 

Clear  maple — white 178. 00 

*Me  X  3K"  face     Clear  maple 1M.60 

lHX2K"face       Clear  maple 184.60 

H  X  2"  face       Clear  quartered  oak 166.00 

Select  Quartered  oak 112. 60 

Clear  plain  oak 118.60 

Select  plain  oak 78.00 

Clear  maple 80.60 

Mill  work — 

O.  P.,  $100  and  up  per  1000.     R.  W.,  $120  and  up  per  1000. 

Double  hung  box  frame  windows  (average)  with  trim,  $7.60  and  up  aaeh. 

Doors,  including  trim  (single  panel),  $10  and  up  each. 

Doors,  including  trim  (five  panel) 80.00  aMb 

Screen  doors,  $3.50  each. 
Window  screens,  $1.50  each. 

Cases  for  kitchen  pantries  seven  feet  high,  per  lineal  foot,  80  eabh. 
Dining  room  cases,  if  not  too  elaborate,  $10  each. 
Labor — Rough  carpentry,  warehouse  heavy  framinCi  818.00  per  1000. 
For  smaller  work,  average,  $25.00  to  $35.00  per  1000. 
Wage — Carpenters,  $8.35  per  day. 
Laborers — Common,  $6.00  per  day. 
Marble — (Not  set)  add  60cts.  up  per  ft.  for  settins 

Columbia 82.06  IQ.  ft. 

Alaska 2.05  aq.  ft. 

San  Saba 8.06  WQ.  ft. 

Tennessee 2.60  tQ.  H, 

Verde  Antique ^ 4.66  80^  ft* 

Wage — Marble  polishers  and  finishers,  86.00  per  d^iy. 


I 
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Store  Fronts — 

Kawneer  copper  ban  for  store  fronts. 

Corner,  center  and  around  sides,  will  average  $1.35  per  lin.  foot. 

Zouri  bar,  $1.25  per  lin.  foot. 

Zouri  Underwriters'  Specification  sash  $1.60  per  lin.  foot. 
Structural  SUel — $130.00  per  ton  (erected). 

This  quotation  is  an  average  for  comparatively  small  quantities. 

Light  truss  work  higher;  plain  beam  and  column  work  in  larse  quantitios,  kii. 
Steel  Saeh— 

Fenestra,  from  S.  F.  stock,  28  cts.  to  34  bts.  per  sq.  ft. 

Fenestra,  plant  shipment,  28  cts.  to  34  cts.  per  sq.  ft.     (Includes  muIEflM 
and  hardware.) 

Trus-con,  from  San  Francisco  stock  27  cts.  to  33  cts.  per  sq.  ft. 

Trus-con,  plant  shipment,  27  cts.  to  33  cts.  per  sq.  ft. 

U.  S.  Metal  Products  Co.,  30  cts.  per  sq.  ft.  m  San  Francisoo. 
Tile—Winte  glased,  80  cts.  per  foot. 

White  floor,  80  cts.  per  foot. 

Colored  floor  tile,  $1.00  per  foot. 

Promenade  tile,  $1.00  per  sq.  ft.  laid. 

Wage — Tilesetters,  $8.35  per  day. 

Comparative  Costs  of  Small  Houses  for  191i,  19S0,  and  1911  (BngliieerinK 
and  Contracting,  May  25,  1921.)  At  the  national  conference  on  the  conatniD- 
tion  industries  held  at  Philadelphia  Feb.  15-18  under  the  aunpioes  of  the  Indui- 
trial  Relations  Committee  of  the  Philadelphia  Chamber  of  Commeroe  and 
the  National  Federation  of  Construction  Industries,  Daniel  Crawford,  Jr.,  an 
operative  builder  of  Philadelphia,  gave  an  interesting  analysis  of  the  cost  of 
the  general  construction  of  a  typical  dwelling.  According  to  his  figiira  s 
2-story  house  of  6  rooms  and  bath,  built  in  Philadelphia,  cost  t2,06Q  In  1014. 
$8,346  in  1920  and  could  be  built  for  $6,676  in  1021.  These  flgiues  ue  baaed 
on  an  operation  of  100  houses.    Mr.  Crawfords'  figures  follow: 

1914  1020  1021 

Ground $500.00     $600.00     $600.00 

Stbbet  Impbovembntb 

1.  Sewer 22.60  60.00  60.00 

2.  Water  pipe 15.00  80.00  80.00 

3.  Curb  (plain) 6.00  16.60  16.M 

4.  Cartway  paving 25.00  00.67  00.57 

$  68.50    $107.07     $107.07 

GSNBBAL   CONDrnONS 

1914  1020               1021 

1.  Plans $     1.00  $        2.00  $        2.00 

2.  Survey 3.50  5.00               5.00 

3.  Building  permits  and  affidavits 5.00  7.50          '    7.50 

4.  Water  permit  (brick  and  stone) 1.80  1.80               1.80 

5.  Electric  service 

6.  Gas  service 4.00               4.00 

7.  Fire  insurance  on  building  material .10  .10                 .10 

8.  Fire  insurance  on  buildings 1.60  8.87               2.58 

9.  Plant  and  tools 5.00  15.00             12.00 

10.  Sales  expense 64  00  176.00  144.00 

11.  Advertising 32.00  88.00  72.00 

12.  Office  expense .20.40  78.00  65.50 

13.  Compensation  insurance 7.W  6.80 

14.  Taxes 11.26  25.00  77.45 

15.  Interest 101 .25  268.00  210.40 

16.  Title  company's  charges 60.75  150.26  U8.75 

17.  Deed — Acknowledging  revenue  and  re- 

cording   4.00  8.60              6.00 

18.  Expense — Placing  first  mortgage 20.00  220.00  108. flO 

19.  Expense — Placing  second  mortgage 28.00  278.0(1  125.00 

20.  Supervision 18.00  88.00             88.00 

21.  Supphes 5.00  15.00            12.00    / 

$805.65    $1,446.65    81.080. 18  T 
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Cost  of  Matebial 

1914  1920  1021 

Foundation  stone,  per  perch $1.40  $     4. 00  $3.00 

Bricks,  per  M 7.00  20.00  18.00 

Cement,  per  bbl 1.55  6.25  2.03 

Rough  lumber,  per  M  f t 20. 00  70. 00  46.00 

Flooring,  No.  1  spruce,  per  M  ft 30.00  80.00  '  60.00 

Lath,  4  in.,  per  M  ft 3.00  20.00  9.50 

Builders'  lime,  per  bu .25  .70  ,04 

Calcine  plaster,  per  bbl 2.00  6.26  6.25 

Sand,  per  ton 1.30  2.96  2.30 

Fibre,  per  bu .25  .36  .35 

Structural  steel,  per  cwt 1 . 40  5. 75  4  00 

Tin,  per  box 8.20  22fOO  22.50 

Felt,  per  ton 30.00  110.00  85.00 

Pitch,  per  cwt .70  2.00  2.10 

Nails,  per  keg 3.00  7.50  4.75 

Sash  cord,  per  hank .55  1.25  .85 

Tile  floors,  per.  sq.  ft .30  1 . 00  .82H 

SUB-CONTBACTS   ShOWN  BY    PSBCBNTAGB   OF   InCBSABB    (aBOYS    1914) 

1914  1920  1921 

Hardware  (finish) Unity  218  190 

Plumbing Unity  226  168 

Heating Unity  166  122 

Painting Unity  125  116 

Paperhanging Unity  167 .  160 

Parquet  floors Unity  196              •  167 

Roofing Unity  140  120 

Sheet  metal  work Unity  200  160 

Electric  wiring Unity  170  117 

Millwork Unity  216  121 

Plastering Unity  268  158 

Gas  ranges Unity  200  200 

Excavations Unity  148  128 

Rough  stone  foundation  walls Unity  208  170 

Face  stone  work Unity  126                   90 

Mr.  Crawford  comments  on  the  above  costs  as  followB: 

In  1914  it  was  possible  to  buy  small  lots  for  dwelling  house  construction  on 
40-ft.  streets  for  about  $500.  The  price  of  the  same  lot  today  on  a  60^. 
street  is  a  little  bit  more.  I  say  a  50-ft.  street  because  there  has  been  a  gat- 
eral  tendency  in  this  community  to  develop  on  wider  avenues,  and  the  ImmI 
has  been  laid  out  by  the  surveyors  or  engineers  with  a  view  of  getting  not  leM 
than  a  50-ft.  street,  if  possible,  so  that  it  is  difficult  today  to  find  a  piece  of 
land  that  is  divided  up  into  40-ft.  streets.  So  that  we  have  taken  the  same 
basic  value,  and  merely  added  the  land  that  is  added,  and  made  It  $600  tat 
1920  and  $600  for  1921. 

The  next  item  that  enters  into  the  cost  of  construction  ia  utilities the 

drainage,  the  water  pipe,  the  curb,  the  paving — ^that  the  builder  must  pay  fbr. 
In  1914  they  cost  him  $68.50,  and  last  year  they  cost  him  $107.07.  This  year 
the  rates  are  the  same.  Some  folks  have  said  that  we  are  going  back  to  pn- 
war  levels.  The  first  important  item  that  we  find  is  the  sales  expense  of  2 
per  cent,  advertising  1  per  cent,  and  office  expense  about  1  per  c/aat.  GcoH^ 
ally,  that  is  the  total  overhead  charge  of  an  operative  builder.  Four  per  cent 
represents  his  selling  exT)ense,  his  advertising  and  his  office  expense.  Ths 
next  item  is  taxes  that  amounted  in  1914  to  $11.26.  $86  last  year  and  $77.46 
this  year. 

The  next  item  is  interest.  You  will  notice  that  when  a  man  arts  In  to 
build  a  hundred  houses,  it  takes  a  lot  of  money.    He  must  g&to'h  anist  i 
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his  unit  costs  in  accordance  with  current  prices  of  material  and  labor  as  he  is 
in  having  his  design  correct. 

Concrete. — A  list  of  approximate  unit  prices  has  been  tabulated  here  ¥^iich 
may  be  used  to  calculate  the  comparative  Costs  of  the  principal  members  in 
a  concrete  building.  Judicious  use  of  these  unit  costs  will  enable  the  designer 
to  incorporate  in  his  design  the  most  economical  methods  and  at  the  same  time 
develop  a  keener  eye  for  economical  construction.  The  f ollo¥ring  tabulation 
is  a  detailed  estimate  of  the  cost  of  concrete  mixed  in  the  proportion  of  1:2:4. 

Concrete  (1:2:4  mix),  per  cu.  yd.: 

Cement.  IH  bbl.  at  $2  per  bbl.  at  the  job $8.83 

Sand,  H  cu.  yd.  at  $1.50  per  cu.  yd.  at  the  job .75 

Crushea  stone,  IMo  ton  at  $2  per  ton  at  the  job 2.60 

Plant,  cost  per  cu.  yd.: 

Freight  cnarges $0. 05 

Rental  of  mixer,  etc 35 

Small  purchases,  fuel  and  supplies , 45 

Labor 40 

1.25 

Labor  of  mixing  and  placing 1.25 

Total  cost  per  cu.  yd SO .  18 

Total  cost  per  cu.  ft .34 

Concrete  mixed  in  the  proportion  of  1 :1)^  :3  will  require  about  H  bbLnune 
cement  per  cubic  yard.  This  will  add  about  67  cts.  to  the  cost  of  1  yd.  of 
concrete  in  place,  mailing  the  unit  price  about  $9.85  per  cubic  yard,  or  36H 
cts.  per  cubic  foot.  If  a  1:1:2  mix  of  concrete  is  used,  the  cement  will  be 
increased  about  1  Ho  bbl.  over  and  above  that  used  in  a  1 :2 :4  mix.  At  $2  per 
barrel  this  would  malce  the  cost  of  1 :1 :2  mix  concrete  about  $11.58  per  cu.  yd. 
or  43  cts.  per  cubic  foot.  In  large  plain  concrete  footings  it  is  sometiines 
advisable  to  use  a  concrete  mixed  in  the  proportion  of  1 :  2H  ^5.  Concrete 
mixed  in  this  proportion  requires  about  Ho  bbl.  less  cement  than  1:2:4  mix. 
Figuring  cement  at  $2  per  bbl.,  concrete  mixed  in  the  proportion  of  1:2H  :5 
works  out  at  approximately  32  cts.  per  cubic  foot  in  place. 

In  calculating  the  amount  of  materials  necessary  to  make  1  cu.  yd.  of  con- 
crete, it  has  been  assumed  that  a  cubic  yard  of  1:1:2  concrete  will  require  the 
same  quantity  of  sand  and  crushed  stone  as  a  cubic  yard  of  1:2:4  concrete. 
Theoretically  this  is  not  true,  but  in  general  practice  there  is  "some  waste  of 
material  and  it  has  been  found  that  the  small  differences  of  aggregate  used  in 
the  various  mixes  of  concrete  in  a  building  are  negligible.  A  very  large  part 
of  the  concrete  in  a  building  is  a  1 :2 :4  concrete,  therefore,  the  aggregate  quaiir 
titles  of  1 :2 :4  mix  are  generally  used  for  all  concrete  work  and  the  cement 
alone  is  changed  for  various  mixes.  It  will  also  be  noted  that  the  quantity 
of  cement,  sand  and  stone  used  here  is  somewhat  in  excess  of  the  amount 
usually  given  in  the  tables  published  in  various  text-books.  It  must  be  borne 
in  mind  that  the  waste  of  materials  on  the  job  must  be  absorbed  and  the 
quantities  in  tables  compiled  by  laboratory  tests  must  be  somewhat  increased. 
It  is  actually  necessary  to  estimate  on  about  IH  bbl.  of  cement  to  make  1  cu. 
yd.  of  1 :2 :4  concrete  on  a  job  where  the  usual  construction  methods  are 
employed  and  in  other  mixes  of  concrete  the  cement  should  be  proportioo- 
ately  increased. 

The  prices  of  concrete  work  as  tabulated  here  are  about  30  per  cent  in 
excess  of  pre-war  prices  and  50  per  cent  more  than  the  prices  of  1913.  These 
costs  based  on  the  present  high  cost  of  material  and  labor  should  be  adjusted 
from  time  to  time  as  necessary. 
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n  making  estimates  for  the  cost  of  concrete  in  place,  the  most 
nt  entering  into  this  cost  is  the  item  of  "plant."  At  the  pres- 
f  all  building  materials  and  labor,  "plant"  costs  cannot  be 
to  be  less  than  $1  per  cubic  yard  and  will  very  seldom  run  as 
3ubic  yard  of  concrete.  Owing  to  this  wide  variation  in  the 
it  is  necessary  in  estimating  concrete  to  strike  an  average  cost 
t  accurate,  will  cover  the  usual  "plant"  work,  and  give  a  unit 
i  in  which  all  times  of  material  and  labor  have  been  considered. 
view  that  a  "  plant "  cost  of  $1.25  per  cubic  yard  has  been  used 
he  unit  cost  of  concrete  in  place  as  given  in  the  foregoing 

?el  reinforcement  is  extremely  erratic  in  its  fluctuation,  but  at 
►e  assumed  at  $90  per  ton  exclusive  of  the  labor  of  bending  and 
I  cost  from  $6  to  $15  per  ton  to  cut,  bend  and  place  this  reln- 
)  per  ton,  or  5  cts.  per  pound,  being  a  unit  price  which  may 
reasonably  close  cost  ratios.  Reinforcement  requiring  much 
uie  up  of  small  bars  should  be  figured  about  K  ct.  per  poimd 
il  requiring  only  a  small  amount  of  bending.  Spiral  reinforce- 
as  should  be  figured  at  an  extra  cost  of  about  ^i  ct.  per  pound 
plain  bars.  In  estimating  the  weight  of  spiral  reinforcement 
lembered  that  about  7  per  cent  should  be  added  to  the  weight 
r  welding  laps.  Also,  it  will  be  necessary  to  add  about  3  lb. 
lumn  for  spacers  used  to  hold  the  spirals  in  proper  pitch, 
nd  columns  are  usually  made  from  sheet  metal  and  in  flat  slab 
usually  works  out  cheaper  to  use  round  interior  columns 
s  material.  However,  the  cost  of  forming  an  interior  column 
ter  for  flat  slab  construction  is  about  the  same  as  forming  a 
n  diameter  designed  for  the  same  purpose.  This  being  the 
Bcessary  to  consider  the  difference  in  the  cost  of  forms  due  to 
ers  of  round  interior  columns.  It  may  be  well  to  remember 
lewhat  less  to  build  an  interior  column  having  a  head  by  using 
1  it  does  to  form  the  column  of  wood,  as  the  cost  of  forming  the 
no  small  part  of  the  column  cost.  The  list  of  unit  prices  given 
cost  of  labor  and  material  for  form  work  for  the  principal  opera- 
rete  building,  and  are  tabulated  for  use  in  making  compara- 
>r  weeding  out  the  more  expensive  designs,  but  not  for  making 
s  of  buildings  without  regard  to  conditions  and  what  not. 
ts  might  be  more  or  less  useful  in  arriving  at  the  total  cost  of 
ling  it  should  be  remembered  that  they  are  only  approximate 
I  for  the  purpose  outlined. 

Square 
feet  cost 
(Surface 
measure- 
ruction  ment) 

abs,  including  drop  panels $0.09 

girder  construction,  slabs  to  span  not  less  than  9  ft. .  .12 

girder  construction,  slabs  to  span  not  less  than  7  ft. .  .13 

girder  construction,  slabs  to  span  not  less  than  5  ft. .  .14 

15 

1  girders,  not  including  slabs .16 

14 

vaW  forms .15 

ndation  forms .15 

imn  forms,  including  heads,  each 15.00 
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For  maklDK  complete  estimates,  trplcsl  dlmenalcined  alcetch  croas-McUOM 

<if  the  building  from  the  roof  slab  to  tbe  footing  sbould  ba  made  uid  the  work 

of  eatimstinc  done  Irom  these  BkelsheB.    Id  ihLa  tiay  the  extra  ddumn  leDgthi 

required  to  obuln  the  sune  cJnai  story  heights  wUI  enter  into  the  eetlmste. 

This  \a  quite  a  factor  In  compulng  flat  slab  with  beam  aod  girder  dealfflM. 

Estlmatea  made  from  theee  croes-aections  for  a  length  of  building  equal  to  one 

boy  only,  1b  the  usual  practice.     In  thia  way  the  coel  per  lineal  foot  of  buihUnc 

aa  well  as  the  coat  per  aquare  foot  of  floor  space  may  be  calculated.    ComiMti- 

sons  of  coata  made  In  this  manner  are  genuine  proofa  to  the  designer  tiiat  be  la 

giTing  tbe  design  proper  atudy  for  economy,  and  wiU  reault  in  a  coDserratlOD  at 

building  materials,  aave  good  dollars  for  the  owner,  and  eetabllah  for  tiM 

engineer  the  reputation  of  belnj;  a  designer  of  economical  concrete  buUdJng). 

laitrtor  CuIumiH.— A  typical  interior  concrete  column  aa  used  in  eerUUn 

types  of  flat  alab  conatruclion  is  lUuatrated  In  Fig.  1.     Several  companUre 

designs  have  been  made  for  this  column  using  In  each  case  gtandardiied  (onmi- 

lae  and  flbre  etressee.     The  cost  of  the  various  schemes  la  worked  out  In  detail 

In  Table  VI  [he  unit  prices  Sied  to  Hw 

quantttlea  of  material  and  labor  being  taken. 

principally,  from  Sgures  prevloualy  glmL 

From  tbe  estimated  comparative  ooettia 
Table  VI  perhaps  the  meet  noticeable  fact  li 
that  tbe  columns  using  the   1:2:4  mix  cf 
concrete   are    among    the   moat  exixmalTe. 
-Jlta     Ualng  this  lean  mix  aeceaearlly  producaa  • 
M\      column   larger   in    diameter  which  means, 
3i-      also,  a  loss  of  voluble  floor  apace.     It  will 
I*-       also   be  noticed  that  the  emalleet  Column 
fZ;      designed  is  not  the  most  economical.    Ttaa 
column  which  shows  tbe  most  economy  in 
this  case  la  one  having  a  1;1:3  mix  aod 
about   1  per  cent  of  vertical  relntorcenient 
together    with    I    per  c™t   of  spiral  rein- 
forcement.    Hence,   a  rich  mix  of  cimciete 
and    comparatively   small    percentages    at 
T     ■     1  ■  .    ■„     1  "^^^  reinforcement  seem  to  show  the  most 

Fio.1,— TjT„(.nl<nt.^«m.-olumn.  ^^no^iicalre  suits  for  a  column  (Wlylng » 
fairly  heavy  load. 
For  comparative  purposes,  the  dilTerence  In  the  amount  of  concceta  In  the 
column  beads  may  be  neglected  aa  the  top  diameter  of  tbe  head  usually 
rcmaina  the  same  throiiRbout  the  buildmg.  The  cost  of  forming  lh«  column 
and  its  head  hax  lii<i>n  csttmat^l  here  at  S15  each.  Thin  is  done  for  eouve- 
nience  In  arriving  at  a  total  cost  of  the  column  shaft  Ordinarily  this  cost  I* 
neglected  in  making  comparative  estimates  of  Interior  columns,  as  It  ooala 
about  the  snmf  to  form  a  round  column  of  small  diameter  as  It  does  a  c<dunm 
of  larger  diameter.  Muny  other  schemes  may  be  designed  for  this  particular 
column  and  the  comparative  costs  estimated.  However,  the  several  exarO' 
pies,  some  of  which  are  obviously  too  eitpensive  to  consider,  wlU  auOloe  to 
give  the  reader  a  working  knowledge  of  tbe  methods  of  calculation  employed 
to  determine  the  coHta  of  the  various  types  of  interior  columns.    It  Is  leadOr 

i1  Hoor  space  occupied  by  thia  larger  column  might  be  irarth 
if  the  buUdlDg  thao  be  would  aave  in  tbe  c< 
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his  unit  costs  in  accordance  with  current  prices  of  material  and  labor  as  he  is 
in  having  his  design  correct. 

Concrete. — A  list  of  approximate  unit  prices  has  been  tabulated  here  whkh 
may  be  used  to  calculate  the  comparative  tosta  of  the  principal  members  in 
a  concrete  building.  Judicious  use  of  these  unit  costs  wUl  enable  the  designff 
to  incorporate  in  his  design  the  most  economical  methods  and  at  the  same  time 
develop  a  keener  eye  for  economical  construction.  The  following  tabulatioii 
is  a  detailed  estimate  of  the  cost  of  concrete  mixed  in  the  proportion  of  1:2:4. 

Concrete  (1:2:4  mix),  per  cu.  yd.: 

Cement,  IH  bbl.  at  $2  per  bbl.  at  the  job tS.SS 

Sand,  }4  cu.  yd.  at  $1.50  per  cu.  yd.  at  the  job .75 

Crushed  stone,  IMo  ton  at  $2  per  ton  at  the  job 3.80 

Plant,^  cost  per  cu.  yd.: 

Freight  charges $0. 06 

Rental  of  mixer,  etc 85 

Small  purchases,  fuel  and  supphes , 45 

Labor 40 

l.» 

Labor  of  mixing  and  placing 1.S5 

Total  cost  per  cu.  yd f9. 18 

Total  cost  per  cu.  ft .M 

Concrete  mixed  in  the  proportion- of  l:l^-J3  will  require  about  H  bbl.  man 
cement  per  cubic  yard.  This  will  add  about  67  cts.  to  the  cost  of  1  yd.  of 
concrete  in  place,  making  the  unit  price  about  $9.85  per  cubic  yard,  or  36H 
cts.  per  cubic  foot.  If  a  1:1:2  mix  of  concrete  is  used,  the  cement  will  be 
increased  about  1  Ko  bbl.  over  and  above  that  used  in  a  1 :2:4  mix.  At  $2  per 
barrel  this  would  make  the  cost  of  1 :1 :2  mix  concrete  about  $11.58  jier  cu.  yd. 
or  43  cts.  per  cubic  foot.  In  large  plain  concrete  footings  it  is  sometim— 
advisable  to  use  a  concrete  mixed  in  the  proportion  of  1:  2>i:6.  Concreti 
mixed  in  this  proportion  requires  about  Mo  bbL  less  cement  than  1:2:4  mix. 
Figuring  cement  at  $2  per  bbl.,  concrete  mixed  in  the  proix>rtion  of  1:2H  -^ 
works  out  at  approximately  32  cts.  per  cubic  foot  in  place. 

In  calculating  the  amount  of  materials  necessary  to  make  1  cu.  yd.  of  con- 
crete, it  has  been  assumed  that  a  cubic  yard  of  1:1^8  concrete  wlU  require  the 
same  quantity  of  sand  and  crushed  stone  as  a  cubic  yard  of  1:2:4  concrete. 
Theoretically  this  is  not  true,  but  in  general  practice  there  ianuime  waste  of 
material  and  it  has  been  found  that  the  small  differences  of  aggregate  used  in 
the  various  mixes  of  concrete  in  a  building  are  nei^igible.  A  "very  large  pert 
of  the  concrete  in  a  building  is  a  1 :2 :4  concrete,  therefore,  the  aggregate  quKB- 
tities  of  1 :2 :4  mix  are  generally  used  for  all  concrete  work  and  the  cement 
alone  is  changed  for  various  mixes.  It  will  ^o  be  noted  that  the  quantity 
of  cement,  sand  and  stone  used  here  is  somewhat  in  excess  of  the  *^»n^in't 
usually  given  in  the  tables  published  in  various  text-books.  It  must  be  borne 
in  mind  that  the  waste  of  materials  on  the  job  must  be  absorbed  and  the 
quantities  in  tables  compiled  by  laboratory  tests  must  be  somewhat  increased. 
It  is  actually  necessary  to  estimate  on  about  IH  bbl.  of  cement  to  make  1  cu. 
yd.  of  1:2:4  concrete  on  a  job  where  the  usual  construction  miftttwds  are 
employed  and  in  other  mixes  of  concrete  the  cement  should  be  proportion* 
ately  increased. 

The  prices  of  concrete  work  as  tabulated  here  are  sboot  80  per  oent  in 
excess  of  pre-war  prices  and  50  per  cent  more  than  the  prices  of  lOlg.  Then 
costs  based  on  the  present  high  cost  of  material  and  labor  sbould  be  adjnsled 
from  time  to  time  as  necessary. 
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For  muking  complete  estbnaiteB,  tjplcal  dlmendooed  sketch  a 

at  the  building  from  the  loot  slab  to  the  lootings  ahouid  be  made  and  the  wcnk 

ot  estimating  done  from  these  sketches.     la  thia  way  the  eitrK  column  lengthi 

required  to  obtain  the  same  clear  story  heights  nill  enter  Into  the  eatimate. 

This  Is  quite  u  factor  In  comparing  flat  slab  with  beam  and  girder  deBlgw. 

Estimates  made  trom  theee  cross-sections  tor  a  length  ot  building  equal  to  oos 

bay  only,  la  the  usual  practice.     In  this  way  the  cost  iter  Uneal  foot  of  buildinf 

aa  well  as  the  cost  per  square  tool  □(  floor  space  may  be  calcailated.     Compaii- 

SODB  ot  costs  made  in  this  manner  are  genuine  proots  to  the  deeigDer  that  he  li 

giving  the  design  proper  study  tor  economy,  and  will  result  in  a  conaer*Bthai  d 

huUding  materials,  save  good  dollars  for  the  owner,  and  establish  An  tba 

engineer  the  reputation  ot  being  a  designer  of  aconomlcal  concrete  buildliicL 

Initnar  Coiumna. — A  typical  interior  concrete  columji  aa  used  In  oertilo 

types  ot  flat  slab  construction  is  illustrated  In  Fig.  1.     Several  comparatlia 

designs  have  been  made  for  this  column  using  In  each  case  standardtsed  fomuh 

lae  and  flbre  stresses.     The  coat  ot  the  various  schemee  U  worked  out  In  detiil 

In   Table  VI  the  unit  prices  fixed  to  tin 

quantities  ot  material  and  labor  being  takco, 

principally,  from  figures  prerloualy  glreiL 

From  the  estimated  comparative  oosts  In 

Table  VI  perhaps  the  most  noticeable  ttet  k 

that  the  colunuu  using  the   1J):4  mb  <( 

concrete   are    among   the   i 

-Jia     Using  this  lean  a 

'M'_     column  larger  In  i 

3J-      also,  a  loss  ot  v 

^|:      also  be  noticed  that  tbe  m 

z%l      designed  is  not  the  most  e< 

column  which  shows  ths  moat  econamr  In  I 
this  case  Is  one  haying  a  1:1:3  mix  ind  b 
about  1  per  cent  of  rertleal  relnforcemiot  r. 
together  with  1  per  cent  of  spiral  isiD-  < 
forcement.  Hence,  a  rich  mlietccmmtB  ' 
and   comparatively  small   percentMBl  <d 

FiQ.  1.      iypical  intpnorcoJumn.    gcj^iomlcalre suits  (or  a  column  OTTjing a 

fairly  heavy  load.  | 

For  comparative  purposes,  the  diOerence  In  the  amount  of  concrete  In  tbi         J 
column  heads  ma;  be  neglected  as  the  top  diameter  of  tbe  head  usually         I 
remains  the  same  throughout  the  building.    The  cost  of  totinlng  theoolumn         | 
and  its  head  has  been  estimated  here  at  (IS  each.     This  la  done  tor  eonra- 
nieoce  in  arriving  at  a  total  cost  of  the  column  shaft     Ordinarily  this  cost  Is 
neglected  In  making  comparative  estimates  of  intetior  oolummi,  ta  It  ooM 
about  the  same  to  form  a  round  column  of  small  diameter  M  It  doe*  «  Mluom 
ot  larger  diameter.     Many  other  schemes  may  be  H»al)pi»H  for  thIa  paRleidsi 
column  and  the  comparative  costs  estimated.    However,  the  several  nim- 
ples,  some  ot  which  are  obviously  too  eipenalvB  to  CMMlder,  will  suOoe  to 
give  the  reader  a  working  knowledge  ot  the  methods  of  caleulatlon  empli^ed 
to  determine  the  costs  ot  the  various  types  ot  Interior  ec " 
apprcclutcd  tliat  even  though  a  larger  colmr 
the  additional  floor  space  occupied  by  this  larger  oi 
more  to  the  owner  of  tbe  building  than  he  would  save  In  ttw  m 
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WaU  Column*. — In  detennining  the  economical  wall  oolumn,  the  method 
is  very  similar  to  that  used  for  interior  columns  except  that  the  item  of  the 
cost  of  wood  forms  enters  into  the  estimate.  It  will  be  necessary  also  in 
designing  exterior  columns  to  consider  the  width  carefully,  as  every  indi 
added  or  deducted  will  change  the  corresponding  dimension  of  wall  sash  a  liln 
amount. 

Fig.  2  shows  a  typical  exterior  wall  column  for  a  concrete  building  bamng 
these  columns  spaced  20  ft.  apart.  Three  designs  of  this  column  have  been 
compared,  and  the  respective  estimates  are  shown  worked  out  in  detail  In 
Table  VII  in  an  effort  to  determine  which  one  of  the  three  designs  would  be  tliB 
most  economical  to  use.  Three  different  mixes  of  concrete  have  been  used 
and  again,  as  in  the  case  of  the  interior  column,  the  colunm  designed  to  use  » 
1:1:2  mix  concrete  appears  to  be  the  least  expensive  to  build.  Generally 
speaking,  with  the  present  high  price  of  reinforcement,  cement  is  the  cheapest 
reinforcement  for  a  concrete  column.  Nevertheless,  it  must  not  be  concluded 
that  a  rich  mix  should  always  be  used  in  column  construction.  The  pnqin 
mix  can  be  determined  only  by  making  comparative  estimates  of  sevenl 
designs.  For  lack  of  space,  only  three  designs  have  been  considered  here,  but 
the  principles  are  clearly  illustrated  and  further  designs  should  be  treated  in  s 
like  manner. 

The  cost  of  each  wall  column  design  includes  the  cost  of  sash  and  giaes 
together  with  the  curtain  wall  necessary  to  fill  in  one  bay.  For  convenience 
in  making  these  estimates,  it  is  assumed  the  g^ass  is  factory  ribbed  glass  cost- 
ing 20  cts.  per  square  foot,  including  glazing.  Steel  sash  is  estimated  here  at 
25  cts.  per  square  foot,  erected  and  pointed,  making  a  total  of  46  cts.  per  square 
foot  for  tlie  sash  and  glass  in  place.  The  curtain  wall  below  the  sash  is  figured 
here  at  75  cts.  per  square  foot.  In  making  the  sketches  of  the  exterior  wall 
bay  for  estimate  purposes,  no  care  has  been  exercised  to  select  stock  sizes  of 
steel  wall  sash.  In  actual  practice,  however,  this  is  usually  of  prime  impor- 
tance. The  cost  of  the  extra  floor  space  occupied  by  the  larger  wall  column 
has  not  been  considered  here  as  its  influence  on  these  particular  columns 
would  be  negligible. 

Concrete  Footings. — In  the  design  of  concrete  footings  it  often  happens  that 
It  is  difficult  to  decide  oflThand  whether  a  plain  or  r^nfoiced  concrete  footing 
should  be  used.  A  design  of  each  type  of  footing  should  be  nuule  and  tbe 
comparative  costs  calculated.  The  engineer  knowing  the  kind  of  soil  theee 
footings  will  rest  upon  should  price  the  excavation  required  at  a  proper  figure- 
This  is  a  very  important  part  of  the  footing  cost,  in  fact,  many  thnes  the  moit 
vital  part  of  the  estimate  for  foundation  work.  In  the  absenoe  of  any  mon 
reliable  information  the  unit  costs  of  excavation  per  cubic  srard  (not  over  6  ft. 
deep),  may  be  assumed  as  follows: 

Loam  or  other  easy  excavation tO.75  eu.  yd. 

Gravelly  earth  containing  small  stones $1.00-$  1. 60  cu.  yd. 

Frozen  earth 2.26-  2.50  ou.  yd. 

Rock  or  ledge  excavation 8.60-  4.00  ea.  yd. 

Backfill .80-     .60  eu.  yd. 

Sheeting  around  excavated  holes  for  footings.  .  10  sq.  ft. 

For  (>xcavution  work  over  5  ft.  deep  and  down' to  10  ft.  deep,  the  unit  ooil 
on  the  yardage  below  the  5-ft.  depth  should  be  incfeased  approadmately  50 
per  cent.  The  unit  price  of  excavating  to  a  depth  eiceoding  10  ft.  to  bmd  OB 
the  number  of  times  the  excavated  material  must  be  nhandled  befom  It  ii 
finally  deposited  where  it  may  be  teamed  away  or  dlBposed  of  in 
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manner.  An  example  is  given  in  Table  VIII  here  with  comparative  costs  fbr 
the  two  types  of  footings,  reinforced  and  plain,  shown  in  Fig.  3,  schemes  a  and 
b  respectively.  The  excavation  is  assmned  as  costing  $1  per  cubic  yaid  to 
remove,  and  the  excavated  holes  are  sheeted  dose  in  order  to  do  away  wttfa 
form  work  around  the  large  footing  block. 
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(Scheme  a) 

Fig.  3. 


(Schsms  b). 

-Tjrpical  concrete  footinst. 


Tablb  VIII. — CoMPABATiva  EsnHATiB  voB  Foororaa 

Scheme  (a),  reinforced  type  (mix  1:2:4): 

Concrete  1 :2:4 460  oa.ft.at84otB 

Forms  (none) 

Reinforcement 420  lb.  at  6  ots. 


$160.40 

SI. 00 

Excavation 19>^  cu.  yd.  at  $1 19.25 

Backfill  and  level 19J5  cu.  3rd.  at  80  cts «.7« 

"             18.20 

$220.68 


3-in.  (close)  sheeting 182  sq.  ft.  at  10  ets 


Total 

Scheme  (b),  plain  type  (mix  \-.2^'.hy. 

Concrete  1:2^:5 507  ou.  ft.  at  82  ota $162.24 

Forms  (top  block) 84  aq.  ft  at  16  ota 12.60 

Excavation 24  ou.  yd.  at  $1 24.00 

Excavation  below  5-ft.  mark 6H  cii.  yd.  at  $1.50 8.25 

Backfill  and  level 29H  cu.  yd.  at  80  eta 8.85 

3-in.  (close)  sheeting 270  sq.  ft.  at  10  eta 27.00 

Total $242.94 

The  estimates  in  Table  III  indicate  that  the  reinforoed  footing  Is  fhe  moil 
economical  to  use  in  this  case.  However,  provided  stones  or  "plnms" 
obtainable  at  a  small  expense,  the  cost  of  the  plain  footing  ooiild  be 
ably  reduced.  It  will  be  noted  in  the  estimates  for  these  two  foottngi  thai 
the  excavation  for  the  plain  footing  is  the  determining  factor  in  tts  eoflt.  lit 
materials  used  in  the  plain  footing  cost  somewhat  kss  than  flioae  used  In  fht 
reinforced  type,  but  the  extra  depth  of  the  excavation  malOM  '^Stm  plain  tn* 
the  more  expensive  one  to  use.  This  extra  cost  becomes  still  1 
footings  are  placed  in  WQt  or  frozen  groundi  for  wUdl 
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spacings,  it  sometimes  happens  that  when  unusual  floor  loadings  and  oohmB 
spacings  are  required,  it  is  necessary  for  the  engineer  to  determine  a  iajMt 
which  will  show  the  most  economy.  In  a  proposition  of  this  kind  It  is  IW 
necessary  to  make  the  design  which  looks  most  likely  to  be  tbe  eeonomfcri 
one.  Then,  two  more  designs  should  be  made,  one  having  one  more  intenm^ 
diate  beam  and  the  other  having  one  less  intermediate  beam.  Sometlmefl  tfas 
girders  should  be  run  in  other  ways  and  designs  made  on  layouts  enttictr 
dissimilar.  Cost  comparisons  made  of  these  designs  will  show  camdoBtTetf 
which  system  should  be  adopted. 

For  the  purpose  of  illustrating  the  methods  of  estimating  beam  and  glrdtf 
floors  with  a  view  to  economy,  the  two  schemes  shown  in  Fig.  4  deaiguBd  ftf 
the  same  column  spacings  and  live  loads,  are  estimated  in  Table  IX  in  • 
comparative  way.  Only  these  two  layouts  are  compared  here,  but  otliff 
layouts  should  be  estimated  in  a  similar  manner,  bearing  in  mind  that  tbe 
more  beams  and  girders  in  the  floor  the  more  expensive  the  form  woric  beeomM. 

In  scaling  the  quantities  for  the  comparative  estimates  of  these  twodeiliiii. 
it  will  be  necessary  to  include  all  the  concrete  forms  and  steel  reinforoeiiMnt 
in  one  18-f t.  bay  for  the  full  width  of  the  building,  which  is  about  67  fL  8  iB. 
In  scheme  1  the  quantities  will  include  the  slab  over  one  oomiilBte  baft  7 
intermediate  beams,  2  wall  beams,  and  4  girders.  In  scheme  2,  the  eon*' 
spending  quantities  will  include  the  slab  over  one  complete  bay,  11  takt-  I 
mediate  beams,  2  walls  beams  and  4  girders.  In  Table  IX  will  be  fSound  thB 
respective  quantities  to  which  unit  prices  have  been  fixed  and  the  total  ooift* 
parative  cost  of  one  bay  for  each  scheme  estimated. 

Table  IX. — CoMPABATivifi  Estimatbb  fob  Bxam  and  Qnu>nB  fixwai 

Estimate,  Fig.  5: 

Concrete.  825  cu.  ft.  at  34  cts $280.00 

Forms,  1,860  sq.  ft.  at  13  cts S41.80 

Reinforcement,  7,300  lb.  at  5  cts 865.00 

Total 8887.M 

(Unit  cost,  73  cts.  sq.  ft.  of  floor.) 
Estimate,  Fig.  6: 

Concrete,  700  cu.  ft.  at  34  cts 8888.00 

Forms,  2,000  sq.  ft.  at  14  cts 880.00 

Reinforcement,  6,300  lb.  at  5  cts 815.00 


Total 8888.00 

(Unit  cost,  68>2  cts.  sq.  ft.  of  floor.) 

In  "  scaling  off  "  the  quantities  for  comparative  estimates  of  beam  and  flidv 
type  floors,  care  must  be  taken  to  carefully  consider  the  le^ps  in  tbe  leiiifons- 
inent.  All  steel  reinforcement  actually  occurring  in  the  slab  and  beams  dioald 
be  estimated.  In  taking  off  the  quantities,  also,  it  will  be  found  most  OOB- 
venient  to  first  get  the  quantity  of  concrete,  then  the  square  Itoet  of  tanoM  aiid 
lastly  the  pounds  of  reinforcement.  The  order  of  ■««aHng  for  tim  f^inn  wok 
and  reinforcement  should  be  the  same  as  that  followed  in  getting  the  qutntity 
of  concrete;  that  is,  if  beams  follow  slabs  in  the  conciete  scallnc,  beam  stMl 
should  follow  slab  steel  in  the  reinforcement  scaling.  This  method  iriH 
eliminate  to  a  large  extent  the  liability  of  error,  and  also  Ifwmii  the  woric  ii 
scaling  dimensions  since  the  form  areas  may  be  taken  directly  ftosn  the  srairi 
(liirieasions  of  the  concrete  work. 

The  slight  changes  in  column  and  footing  design  which  mi8^  ^^iiallj  ooov 
in  two  buildings  designed  with  floors  like  those  above  estlmaSadt  have  Ml 
been  considered  here.    However,  in  buildings  several  stnilin  tat  he^it  ttli 


t  of  floor  deitgns  wi 
d  Joads  may  iniluei 

,  eeDerally  apeak  I  ni 
r,  there  will  be  plac* 
t.  Where  panels  b* 
all;  works  Co  advan 
y  It  Is  often  more  ( 
■r.  If  the  column  a 
are  bay  and  the  flat 

width  of  which  may 

^m  and  the  building 
r  will  usually  make  ( 
liBlances  he  believe 

,  respectively.  Con 
economical  atandlni 
t  does  not  show  de 
ch  extreme  of  colun 
iiU  be  necessary  to  i 
lings  considered  ani 
a,  length  of  building  ( 
lired  length  of  the 
if  that  the  proper  i 
he  various  building 
rth  of  their  respectt' 
1  type  of  building  bi 
1  type  of  building  i) 
coxt  of  closing  in  th 

stantly  changing,  an 


;h  higher  than  the  j 


it  coHt  of  concrel 


1546 


HANDBOOK  OF  CONSTRUCTION  COST 


about  one-half  of  the  cost  of  either.  Today,  the  cost  of  the  ooncnte  in  a 
building  is  slightly  less  than  twice  the  cost  of  the  forms,  and  the  coat  of  the 
reinforcement  is  about  equal  to  the  form  cost.  It  is  quite  probable  that  flu 
years  from  now  the  ratio  may  be  again  changed. 

Items  Making  up  Cost  of  Concrete  Building. — C.  £.  Patch  gives  the  foUov* 
ing  data  in  Engineering  and  Contracting,  July  28t  1920. 


Peroentace 


Concrete 

Reinforcing 

Forms 

Engineering 

Cold  w(}ather 

Doors  and  windows 

Plant 

Miscellaneous  and  extras 

Excavation 

Carpentry 

Masonry 

Fire  main  and  roof  drains 

Miscellaneous  iron  and  steel 

Overhead 

Superintendence,  travel,  etc 

Roofing  and  flashing 

Liability  insurance 

Watchman 

Clean  up  job 

Heating  and  sprinklers 59 . 7* 

Plumbing 16.8* 

Elevators 14. 6* 

Electrical  work 10.4* 

*  Of  total  cost  of  equipment  sub-contracts. 

Cost  of  Reinforced  Concrete  Power  House. — John  W.  Ash  in  EnglneKiilg 
Record,  Jan.  25,  1913,  gives  the  following  cost  of  coDstruoting  a  pcnrarhoiw 
in  connection  with  the  waterworks  plant  at  Dalton,  Qa.  The  floor  ana  of  the 
power-house,  including  the  filter,  covers  about  4,650  eq.  ft.;  the  walls avtenge 
a  little  over  20  ft.  in  height,  6  and  8  in.  thick,  with  columns  averaging  About  11 
ft.  on  centers.  A  beam  12  in.  square  runs  around  on  top  of  all  waUa.  The 
concrete  mixture  was  1:2^:5. 


Structural 

cost  of 

building 

24.0 
16.0 
14.6 

5.5 

5.2 

5.2 

4.6 

4.5 

8.7 

a. 7 

2.5 

2.8 

2.2 

1.56 

1.50 

1.36 

0.62 

0.54 

0.42 


refesred  i» 
Total  coil 
indodiag 

mib- 
oontvsflti 

19.S 

12.76 
11.8 

4.50 

4.S5 

4.15 

3.85 

3.6 

3.05 

3.05 

2.08 

1.05 

1.85 

1.28 

1.28 

I.IS 

0.61 

0.45 

0.85 
11.20 

2.03 

2.86 

1.08 


Table  X. — Poweb-Housb  Costs 


Labor 

Excavation,  437  cu.  yd 8258.80 

Forms 677.80 

Concrete,  315  cu.  yd 417.20 

Steel,  15,500  lb 93.90 

Roof  trusses 21 .  80 

Lumber,  floors  and  roof,  19,020  ft.  B.M. .  104.60 

Wood  doors  and  windows 87.20 

Fire-doors,  302  sq.  ft 29.50 

Composition  roof,  5,000  sq.  ft 80.00 

Pipe  connections 25.00 

Concrete  floor,  2,340  sq.  ft 65. 10 

Reinforced  concrete  floor,  80  sq.  ft 6. 50 

Handling  and  placing  outfit 88.00 

Coal,  oil,  waste,  etc 

Depreciation,  repairs 

Ventilators  and  granite  slab 7 .  60 

Grand  total 


Material 

$  U2.50rf 
1.176.60 
816.00 
202.50 
887.00 
178.85 
201.00 
160.00 

14.00 

'"ioo.'oo 


Total 

$  258.80 
860.30 
1.508.80 
410.80 
818.80 
401.00 
280.06 
280.50 
180.00 

25.00 
210.00 

21.00 


42.50 

78.50 

117. 10 
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the  longitudinal  reinforcement  is  1.5  per  cent  of  the  effective  aiea,  and  itfli 
sixth  story  2.2  per  cent.  One-fourth  inch  diameter  round  hoops  were  nrf 
spaced  12  in.  apart:  the  percentage  of  hooping  is  as  a  result  yery  fiwH, ni 
the  columns  were  therefore  designed  as  with  longitudinal  reinforoement  catr- 

The  floorH  with  the  exception  of  the  first,  which  rests  on  ground.  couM  rf 
slabs  and  T  beams  and  were  designed  for  loads  yaryin^^  from  400  lbs.  pai( 
ft.  on  the  second  floor  to  150  lbs.  per  sq.  ft.  on  the  sixth  floor. 

Forms. — The  forms  were  made  of  tongued-and-grooved  pine;  newfamls 
was  provided  for  forms  for  three  stories,  and  the  same  forms  were  altend  ■& 
repaired  for  the  upi>er  two  stories  and  roof. 

Handling  Concrete. — The  concrete  was  hoisted  by  tower  and  chuted  Ml 
place.  Fig.  5  shows  the  arrangement  of  tower  and  chutes.  The  consistncT 
was  such  that  no  spading  next  to  forms  was  required:  in  fact,  none  was  poidib 
on  account  of  the  presence  of  reinforcing  metal. 

External  Finish. — A  handsome  external  finish  was  obtained  by  applyiiv> 
1 :2  grout  with  brushes,  and  rubbing  it  on  with  cork  floats.  In  this  oonnectldBi 
it  may  be  remarked  than  an  exceptionally  fine  finish  has  been  s^ven  the  oon* 
Crete  work  of  the  power  plant  at  Indianhead  by  nibbing  the  surfaces  witk 
carborundum  bricks  and  then  brushing  on  grout.  This  finish  would  be  suit* 
able  for  large  surfaces  of  concrete  walls  and  entirely  avoids  the  uneni 
splotched  appearance  of  ordinary  concrete  work,  uid  costs  leas  than  H  ct.  per 
square  foot. 

Construction  Costs. — The  wages  paid  labor  was  as  follows: 

P«r  hov 

Bricklayers tO.67 

Carpenters .55 

Steel  erectors .Q 

Cement  finishers .50 

Plasterers .63 

Common  laborers .SO 

Concrete. — The  total  cost  of  the  reinforced  concrete,  not  incdudiiv  flnidit 
was  as  follows: 

Labor $  0.76 

Materials S.  OB 

Reinforcement S.89 

Forms S.07 

Plant 4S 

Total $11. SS 

The  cost  of  1 :3:6  foundation  concrete  was  as  foUows: 

Labor 00.78 

Materiulu 9. 65 

Reinforcement 60 

Fornui SO 

Plant 46 

Total Oi.66 


Matcritils  woro  rec(Mved  in  bottom  dump  wagons. 
dumping  materials  into  receiving  hopper,  handling  by  bubket  eunvf  ar  li 
bins,  mixing,  lioisting  into  tower,  chuting,  distributing  and  working  Into giMfc 
setting  anchor  bolts  and  column  dowels. 

The  concrete  of  the  first  fioor  was  handled  by  industiW  tndt  and  U^< 
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Archer  Ave.  and  Rockwell  St.  Route. — ^The  dimensions  of  this  house  aie 
809  X  490  ft.  and  it  is  divided  into  seven  bays  by  longitudinal  fireproof  walls. 
The  concrete  construction  comprises  foundation  walls,  pits  and  roof  of  the 
design  shown  by  Fig.  6. 

The  foundation  walls  of  1:3:7  concrete  cost  for  1,953  cu.  yds.  as  follows: 

Concrete Per  cu.  yd. 

1,894.41  bbla.  cement  at  $1.22 $1. 183 

83A79  cu.  yds.  sand  at  $1.43 0.614 

1,972.53  cu.  yds.  stone  at  $1.54 1.556 

Labor,  mizing  and  placing 1.471 

Total  concrete $4. 828 

Forms 

Lumber $0,821 

2  rolls  No.  10  wire  at  $2.23 

2,000  18-in,  form  clamps  at  4fi  cts 

500  26-in.  form  clamps  at  5^  cts 

125  25-in.  form  clamps  at  5H  cts 0. 184 

500  keys  for  form  clamps  at  3  cts 

48  kegs  of  nails  at  $2.36 

Labor  building  and  removing 1 .  321 

Total  forms $1,776 

Supplies 

7.65  tons  coal  at  $4.15 

5  gals.  cyl.  oil  at  48  cts 

10  gals.  eng.  oil  at  23  cts 

10  lbs.  lubricant  at  12  cts 


■  t 


Total  supplies $0,019 

Grand  total $6,618 

The  pit  traclcs  are  supported  by  cast  iron  columns  on  each  side  and  these 
columns  have  concrete  footings.  The  cost  of  these  footings  which  are  (rf  the 
usual  stepped  pedestal  type  was  as  follows: 

Item  Per  on.  yd. 

270  bbls.  cement  at  $1.22 $1,355 

118  cu.  yds.  sand  at  $1.40 0.694 

241  cu.  yds.  stone  at  $1.54 1.626 

Labor  mixing  and  placing 1 .867 

Coal  and  oil 0.007 

Total $5,448 

The  following  was  the  cost  of  211  cu.  yds.  of  concrete  in  the  side  and  end 
walls  of  the  pits: 

Concrete  Per  ea.  yd. 

235  bbls.  cement  at  $1.22 $1.35 

105  cu.  yds.  sand  at  $1.43 0.72 

209  cu.  yds.  stone  at  $1.54 1 .  62 

Labor  mixing  and  placing 1 .02 

Total $4.61 

Forms 

16  kegs  nails  at  $2.40 $0. 18 

M  roll  wire 0.06 

Lumber 0.61 

Labor  erecting 8 .  06 

Labor  removing 0. 67 

Total $4.87 

Grand  total $8.08 


1  cSyW  * 


(eluding  the  eo 
£ce  Soon  (8,79 


t  Hoora  (58,559 
;  bbls.  cement  i 
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The  roof  construction,  ag  previqiuly  stated,  was  subetantially  that  shown 
by  Fig.  1.    The  cost  of  121,  881  sq.  ft.  or  2360  sq.  yds.  was  as  follows: 


Item  -Per  en.  3rd. 

Concrete  materials $  4. 11 

Labor  on  concrete 3. SB 

Small  concrete  blocks 0.  OS 

Total  concrete $  7. 71 

Form  lumber  ($9,531.04-$3.321.25  salvage) $  2. 18 

Butts,  washers  and  nails 0. 16 

Labor  erecting  forms 6. 09 

Labor  removing  forms l.M 

Labor  moving  forms  to  storage 0.21 

Total  forms $10.86 

Reinforcement $  2.74 

Wire S  0.01 

4  kegs  round  rods O.OOi 

Labor  on  reinforcement 1 .87 

Total  reinforcement 8  4. 18 

Coal $0.02 

Cylinder  oil 0.001 

Engine  oil 0.001 

Imperial  lubricant 0.001 

Tar  paper 0.01 

Manure O.006 

Total  supplies $0.05 

Grand  total $82.74 


This  gives  a  cost  per  square  foot  of  roof  of  53.7  cts.  Negtoetiog  the  salvife 
in  lumber  the  cost  is  56.42  cts.  per  sq.  ft. 

Svhstation. — The  substation  was  built  during  the  fall  and  winter  of  lOOB-0. 
The  building  is  of  dark  pressed  brick  so  designed  as  to  be  an  ornament  to  ths 
neighborhood  in  which  it  is  located.  The  construction  ii  flr^noof  throufliout, 
with  tile  roof  carried  on  structural  steel  trusses. 

The  building  is  60  ft.  wide  by  120  ft.  7  ins.  long  over  all.  and  the  opemttag 
room  has  a  clear  height  of  32  ft.  to  the  under  side  of  the  steel  roof  tniiM. 

The  concrete  work  comprises  footings  for  walls  and  plera,  building  mDi. 
rotary  converter  walls,  basement  floor  and  drives,  station  Hootb,  partMon 
walls  and  battery  shelves.  The  costs  of  these  yarioua  Items  of  wofk  wen  li 
follows: 


Wall  and  Pier  Footings  Far  oe.  yd. 

234  bbls.  cement  at  $1.21 $  1.82 

110  cu.  yds.  sand  at  $1.60 0.82 

197  cu.  vds.  stone  at  $1.55 1.42 

Labor  placing  concrete S.OI 

Total  concrete '.  $  0. 87 

Form  lumber '. $  0.28 

Labor  on  forms 0.85 

Total  forniH $  0.88 

Grand  total *  $  7.18. 


li 
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Labor  rates  were  the  union  wage  for  1908,  which  ran  about  as  foDowB  par 
hour:  Enginemen,  70  cts. ;  cari>enters,  60  cts. ;  finishers,  56H  eta.,  and commaa 
labor,  37 M  cts. 

Perhaps  the  most  interesting  of  the  various  costs  given  are  those  of  roflf 
work.  The  character  of  this  work  is  indicated  clearly  by  the  drawings  c( 
Fig.  6.  In  one  case  the  unit  cost  was  $18.89  per  cu.  yd.  and  in  the  other  cue 
$22.74  per  cu.  yd.,  and  of  the  total  cost  about  70  per  cent  and  60  per  eent, 
respectively,  and  chargeable  to  form  work. 

Labor  Cost  of  Placing  Concrete  with  Tower  and  Chutes. — ^W.  D.  Jonai  Is 
Engineering  and  Contracting,  Dec.  27,  1916,  gives  the  following: 

The  work  consisted  in  building  a  six  story  and  basement  wiuehouse  for  tto 
Harbor  Commission  of  Los  Angeles.  The  structure  was  152  ft.  wide  and  4M 
ft.  long.  The  basement  was  7  ft.  9  in.  high,  first  story,  14  ft.  6  in.  hi^  ind 
upper  stories  10  ft.  high.  All  materials  were  furnished  by  the  city  f .  o.  b. 
cars  at  building  site,  and  contractor  was  required  to  unload,  sort  and  aliBtts 
these  in  a  building  provided  by  the  city  and  be  responsible  for  their  inempon- 
tion  in  the  structure  in  good  condition. 

In  the  call  for  bids  the  approximate  quantities  were  given  as  foUoiia 
Opposite  each  of  these  approximate  quantities  is  set  the  unit  price  bid  tat  11m 
performance  of  this  work. 

27 , 000    cu.  yds.  of  concrete  in  place t         8. 25  en.  yd. 

1 , 290  tons  of  reinforcing  steel  m  place 12. 05  tn. 

75  tons  of  structural  steel  in  pllace 11. 20  tn. 

475,000  sq.  ft.  floor  finish O.OlH  tq.tL 

Excavating,  grading  and  cleaning  up 4 ,008 .  00  liuap  sob 

Concrete. — The  materials  used  for  concrete  Portland  cement,  sand  and 
gravel,  the  latter  from  ^  in.  to  1  in.  in  size,  hi  order  to  work  readily  throqih 
the  reinforcement,  etc.  The  most  of  the  concrete  was  a  1 :2:4  mixture,  thoo^ 
some  columns  in  the  lower  floors  were  of  a  richer  mixture  in  order  to  redues 
the  size. 

For  the  concrete  pouring  two  Insley  steel  towers  160  ft.  hig^  were  plaoed  on 
one  side  of  the  building  and  were  provided  with  hoisting  buckets  of  24  cu.  ft 
capacity  water  measure.  These  were  hoisted  by  50  h.  p.  Crofdcer-Wheate 
motor  driven  hoists  with  a  line  speed  of  150  ft.  per  minute  ¥rtien  pouring  tha 
lower  floors,  but  when  upi)er  floors  were  readtied  it  was  fOund  expedleiit  to 
increase  the  speed  of  the  hoisting  buckets  in  order  that  the  mixer  not  befonad 
to  wait  on  the  hoist.  This  was  accomplished  by  rigging  hoisting  Unea  in  m/h 
a  manner  as  to  connect  directly  to  hoisting  bucket  with  a  ain^e  line  instsid 
of  passing  the  line  through  a  pulley  on  a  bucket  and  fasteninif  the  end  in  tbe 
top  of  the  tower.  This  worked  a  hardship  on  the  hoist,  especially  the  fricUoB 
blocks,  but  these  were  watched  closely  and  renewed  often  and  no  smIodi 
consequences  were  encountered. 

Each  tower  was  equipped  with  a  Bremer  mixer  haying  a  capacity  of  92  en. 
ft.  of  loose  material,  a  hoisting  bucket  of  22  cu.  ft.  capacity  and  a  60-ft.  boon      f 
supporting  100  ft.  of  gravity  spout.     One  extra  piece  of  spout  50  ft.  long  tad 
one  about  20  ft.  long  were  also  provided  and  used  at  each  plant  idm  thit 
plant  was  working. 

On  either  side  of  the  mixer  was  placed  a  rock  bin  and  a  sand  bin  eacbholdlnf 
about  4  carloads  of  material  and  dumping  directly  by  gravity  Into  nnasailiV 
bins  which  in  turn  dumped  by  gravity  into  mixer  diarging  bon  Dtawtily 

over  the  charging  hopper  and  between  the  sand  and  gravel  1         »m  phflrf 


thod  of  loading  the  mixer  by  c 
led.  Thete  Is  no  reason,  bowi 
I  It  b«en  properly  operated. 
Che  sand  aod  gravel  bina,  aa  wi 
ded  with  an  Indualrial  trBvelli 
The  floor  llnlsh  consisted  of  & 
k  taken  from  the  ledge  and  wa 
,  This  oeceKsitated  several  ( 
I  but  by  a  systematic  arraDge: 
:e  made  with  hardly  a  peroepi 
■  and  base  practically  as  one 
.  cheaper,  than  the  system  ol  % 
n  topping  this  out. 
^  fair  day's  work  with  the  abo 

and  on  walls  and  coluimia  was 
J  with  conditions.    In  pourlo 

un  concrete  with  gravity  plan 
:he  day's  work  and  distribute  J 
T,  the  gravity  chute  was  used 
y  good  results  obtained.  Thi 
ir  finish  to  place. 
7ojH  — The  actual  pouring  CO 
luding  labor  oidy  and  taking 
:lng  and  placing  were  as  fotloi 


Icale  of  wages  was  as  follows: 
foremen.  tO;  sub  foreman.  t*\ 
laborers,  S2,25;  laborers,  12. 
:ost  at  Placing  Concrete  and 
gtruction  of  the  Austin  Niche 
>er  by  T.  Arthur  Smith  before  i 
placing  concrete  was  carefully 
3  executed  the  general  contra< 
Mr.  Smith's  paper  published 
5.  , 

The  building  is  439  ft.  ll>i  iof 
ement.  and  required  about  19 
tecords  of  the  cost  of  wheelin 

per  liour.  Assuming  that,  o 
ced,  le.OOO  cu,  yds,  could  be  pi 
»0.09  X  1(1,000  =  81,440.  H 
t  of  installing  two  spouting  o 
IS  incidental  to  placing  concn 
Sht;  guying  tower;  and  movln, 
^bia  analysis  showed  conclusl' 
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spouting  equipments  plus  the  additloiul  InstallatloD  ooat,  would  mmtolinT 
exceed  the  coet  ol  wheeling  concrete. 

E/n/ooiJiTV  and  Ceneretine  Equipment. — The  Uroiit  of  the  ""'"■^''yt  danlck. 
storage  bins,  concrete  mlxere  and  hcriits  is  Bhomi  In  Fig.  7. 
were  delivered  aJougslde  the  buUchead,  adjacent  ti 
—  about  400  cu.  yds.  capscitj.     A  derrick  equipped  with  b 
of  IH  cu.  yds.  capacity  unloaded  the  coDlenta  at  theas  s 
blna  boldlne  100  cu.  yds.  erf  sand  and  200  cu.  yds.  of  gravel. 

The  derrick  was  operated  by  a  Meade-Morrloon  three-drum  ■ 
hoisting  engine  having  9  X  10-ln.  cylinders  and  ■  lated  capadtr  of  3S  ta.|L 
For  swinging  the  derrick  a  sepaiate  eogiue  waa  loa(alled,  Pomr  wma  nipilM 
br  a  60-h.  p.  horizontal  boiler. 


adiDg.    loiiiiu  and   hoiatioc  o 
Nkhob  Bluldltig. 


The  sand  and  gravel  were  discharged  trom  tbe  bins  throu^  "Sanaonn" 
gates,  into  "V"  bottom,  two-way  dump  can  for  delivery  to  the  mtora.  Eicli 
car  was  loaded  with  12  cu.  tt.  of  sand  and  34  cu.  ft.  of  graTel,  ■  Btael  paitltlMI 
separatlug  these  materials. 

One  cai  was  used  to  convey  the  materials  to  mixer  No.  1,  Bud  waa  inalMd 
by  hand  from  the  storage  bin  to  the  mtier.  For  nharging  mlzBr  No,  S  a  Wl 
e-ln.  gage  double  track  was  laid  from  the  bin  to  tlw  ndnr,  on  Wtlkfa  ttn  an 
were  operated,  ooe  on  each  track.  These  track*  weM  laid  OB  HM  fltrt  ••«. 
which,  in  Older  to  follow  the  grade  ol  North  Third  St.,  |~ 
Kent  Ave.  to  the  river,  A  double-drum,  i 
pulled  the  cars  from  the  bhi  tc 
tali  line  operating  around  a  sheave  at  the  bhi,  so  Oat  ^  Imdtd  Mf  faM 
toward  the  mixer  would  pull  back  tbe  empty  oar  to  ttaa  Un. 

Owing  to  the  limited  bulkhead  space  at  the  buOdhif  it  wm  ommmv  I* 
dock  the  cement  lighters  one  Block  away  and  to  tmik  Itm  aan^rt  Mfli 


LdlDg.    The  oemeat  was  stored  i 

Vo  l-cu.  yd.  "Eansome"  mliei 
.  7.  Each  mixer  discharged  into 
ited  by  a,  single-drum  "Lidgerv 
h  concrete  plant  was  furnisher 
nped  from  tbe  bucket  Into  a  2-ci 
beled  in  carts. 

7be  derrick  used  was  capable  of 
light  hours.  The  average  cap« 
wncrete  per  hour.     The  largest 

houra  was  640  cu.  yda.  In  62 
average  daily  output  of  2R2  cu 
The  efflclency  of  the  equipment  fi 
ter  was  demonstrated  when,  du 
!  for  one  day.  In  order  to  kee] 
1  graiel  were  wheeled  from  emi 
ai^ne  one  mixer  In  this  mannei 

output  of  the  plant  to  about  31 
n  order  not  (o  delay  the  progres 
dog  steel  be  placed  immediatel] 
ulred  that  work  in  tbe  steel  yan 
rication  ot  steel  would  be  sufflcle 
/  delay  in  the  work, 
^eam  and  girder  bars  were  bent 
125  per  hour,  wbile  the  capacity 

rbe  total  labor  cost  for  inatallin 
ilding  was  20  cts.  per  cubic  yan 
.vever.  that  this  cost  does  not  ci 
s  use  of  plant,  depredation  or  In 
:ost  of  Hiilat  (id  Placing  Conci 
hand  in  a  6-in,  wall,  with  eicperit 
It  SI. 19  per  cu.  yd.  An  Itemize 
C.  W,  Gaylord  in  "Cement  ar 


w  averageil  12  batches 


Sand,  0.4S  cu.  yde.  at  10  ct 
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Per  ou.  yd. 

Wheeling  to  mixiiig  board  and  dumping  in  measuring  box: 

Cement  (all  handling) $0. 01 

Sand,  average  haul  30  ft 0.02 

Stone,  average  haul  50  ft 0. 05 

.    Total to.  11 

Mixing: 

Sand  and  cement  (2  turnings) $0.12 

Mortar  and  stone  (3  turnings) .27 

Total $0.39 

Loading  into  wheelbarrows $0. 17 

WheeUng  to  place  (av.  haul  55  ft.) 0. 06 

Dumping,  spreading  and  rapaming 0.11 

Supervision  (K  foreman's  time) 0. 10 

Care  for  water 0. 02 

Total < $0.46 

Grand  total •     1.16 

Adding  cost  of  mixing  boards  and  divided  by  number  of  yards  mixed  with 
each  board  gives:  16  X  16  ft.  boards  500  ft.  B.  M.  at  $40  per  M.  divided  by 
500  equals  $0.04.    Adding  this  we  get  a  total  cost  of  $1.19. 

Cost  of  Stucco  Finish  for  Concrete  House  (Engineering  and  Contracting. 
Sept.  25,  1918.) — Data  on  the  stucco  finish  for  the  walls  of  a  concrete  howa 
built  in  1917  in  Darien,  Conn.,  are  given  as  follows  by  M.  D.  Morrill  in 
Concrete: 

The  stucco  finish  was  put  on  in  a  single  coat  about  ^  in.  thick,  applied 
with  a  plasterer's  trowel.  The  walls  were  not  wet  down,  but  all  dry  dust  wis 
removed.  The  wall  surface  was  left  smooth  by  the  steel  forms,  and  it  was  at 
first  questioned  if  there  was  not  danger  that  this  thin  coat  of  stucco  woukl 
eventually  peel  off.  Experience,  however,  seems  to  prove  the  contrary,  and 
on  a  considerable  number  of  buildings  finished  in  this  way  six  years  ago  then 
is  no  sign  of  the  separation  of  the  stucco.  It  appears  to  be  a  permanent  ai 
well  as  a  rather  inexpensive  way  to  finish  these  steel  molded  concrete  walk. 
After  this  stucco  was  troweled  on  and  had  been  allowed  to  stand  a  few  minutei, 
the  surface  was  gone  over  lightly  with  a  cork  float.  A  little  water  was  thrown 
on  with  a  brush,  as  needed,  while  the  surface  was  being  floated. 

In  order  to  get  at  the  exact  cost  of  this  wall  flnish,  the  time  and  material 
used  on  finishing  a  surface  of  142  sq.  yds.  was  kept,  no  allowance  being  made 
for  openings. 

Labob  and  Material,  142  Sq.  Yd.  of  Stucco 

3^  day,  3  masons,  at  $4.80  for  8  hours $7.20 

K  day,  2  helpers,  at  $3.00  for  8  hours 8. 00 

}4  day,  2  carpenters,  at  $4.50,  scaffolding 4.  fiO 

Total  labor $14.70 

2  bbls.  cement  at  $1.92 $8.83 

1  yd.  sifted  sand  at  $3.00 3.00 

Total  materials $  6.8$ 

Total $81. $2 

The  total  cost  of  finishing  these  walls  was  thus  between  15  eta.  and  16  eta.  per 
square  yard. 

Relative  Cost  of  Difterent  Slab  Designs. — ^The  following  atudlei  relate  to 
different  systems  proposed  for  the  fioors  of  the  buildings  of  the  ManMdmirtti 
Institute  of  Technology,  as  abstracted  in  Engineering  and  Contnctliv.  Ana 
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The  costs  are  given  per  cord  of  masonry  in  place.    One  cord  is  equal  to  Ul 

cu.  ft.  as  here  considered. 

Per  tmi 

Materials: 

Stone $  6.42 

Sand 0.67H 

Cement,  lM«bbl8 2.25 

Total  material $  9.245 

Labor: 

Masons $  1.82H 

Common 8.04 

Total  labor $  4.865 

Total  labor  and  material $14. II 

Masons  received  40  cts.  per  hour  and  laborers  20  cts.  The  amount  of  stfloe 
laid  per  mason  per  8  hours  was  IK  cords. 

Brick  Work. — The  total  amount  of  brick  in  the  buildinfif  is  about  6,25O,000i 
of  which  about  1,250,000  are  pressed  brick  used  for  the  exterior  and  for  trim- 
mings. About  60  bricklayers  were  employed  during  the  main  part  at  the 
work.  Three  of  the  Thomas  Elevator  Co.'s  double  brick  hoigts  were  used  in 
elevating  brick  and  mortar.  The  costs  given  are  per  thousand  of  brick  laid. 
The  number  of  common  brick  laid  per  8-hour  day  per  man  was  2,400. 

Materials :  Per  M  hritk 

'  Common  brick  f.  o.  b.  Chicago $  4.00 

Freight 2.68 

Hauling 0.78 

Sand 0 .  67H 

Lime  (4  bu.) 1.06 

Hauling  lime 0. 16 

Total  materials $  0.26H 

Labor: 

Masons S  1.66 

Common  labor 1 .88 

Total  labor S  8.47 

Total  labor  and  material $12.72M 

Masons  received  50  cts.  per  hour  and  conmion  labor  20  cts. 
Shawnee  Buff  Pressed  Brick  were  used  for  the  exterior.    The  number  of 
pressed  brick  laid  by  each  mason  per  8-hour  day  was  480.    The  cost  of  praand 

brick  work  was  as  follows: 

Materials:  Ptar   M  brisk 

Pressed  brick  per  M  f.o.b , Sll.OO 

Freight 5.60 

Hauling 0.96 

Sand 0.57H 

Lime  (3  bu.) O.WjJ 

Mortar  color  (buff) •• 1 .  82 

Cement 0.46 

Bonds  (wire  cloth) 0.67 

Total  material  per  M 821.78 

Labor: 

MaBous $  0.48 

Common . .  • » >■.'•.  6*^ 

Total  labor $18.88 

Total  labor  and  material 887.61 
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dimensions  of  the  building 'are  101  ft.  6  ins.  by  260  ft.  The  oflBoes,  Idbbki, 
club  rooms,  repair  pit,  etc.,  were  provided  for  in  the  original  buUding. 

Brick  and  reinforced  concrete  were  adopted  as  materials  of  cooBtnicttoo. 
As  the  building  was  to  be  used  only  for  the  storage  of  cars,  and  therefore  the 
usual  clear  space  between  cars  not  required,  a  row  of  oolunms  was  idaoed  in 
each  space  between  tracks,  the  resulting  short  spans  efTectincT  &  ooosideniik 
saying  in  cost.  Fig.  8  gives  the  general  dimensions  and  indicaktes  the  type  cf 
construction  used. 

Excavation. — The  earth  excavated  from  the  footing  trenches  and  pits  WH 
either  back-filled  or  was  distributed  over  the  surface  of  the  ground;  no  eutik 
was  hauled  away.  The  total  amount  excavated  was  233  cu.  yds.,  ami  the 
total  cost  was  $51.70,  or  22.2  cts.  per  cubic  yard.  Laborers  wmre  pM  SO  eli. 
per  hour. 

Hauling  Materials. — The  cars  of  building  materials  were  set  on  a  steam  laB- 
way  siding  about  H  mile  from  the  building  site.  Materials  were  hsnled  U 
the  site  in  flat-bottom  wagons  of  about  1-cu.  yd.  capacity.  The  teams  stood 
idle  while  wagons  were  being  loaded  and  unloaded,  and  the  driven  helped  is 
loading  and  unloading.  At  the  building,  the  sand  and  stone  were  dumped  oo 
the  ground,  the  brick  was  piled,  and  the  cement  Was  carried  by  hand  into  ths 
storage  shed.  Table  XII  gives  unit  costs  of  hauling,  the  quantities  of  ikiate- 
rials  being  as  follows :  Stone,  393  cu.  yds. ;  sand,  124  cu.  yds. ;  bxick,  36,000,  aod 
cement,  470  bbls. 

Tablb  XII. — Unit  Costs  or  Hxttukg  Matsbiai^ 

Rate  per 
Item  hour  Stone         Sand         Brick       Cunont 

Driver  and  team $0.40         $0.18        $0.90         $0.61         $0.08 

Labor 0.20  0.05  0.08  0.88  0.08 

Totals $0.23        $0.38        $0.04         $0.05 

Laving  Brick. — The  walls  were  13  ins.  thick.  The  pUasteza,  which  wave  0  X 
26  ins.,  were  built  as  indicated  on  the  floor  plan.  Ckunnum  bildL,  laid  in 
mortar  composed  of  "Carney's"  bricklayers'  cement  and  sand  (mixed  1:S}( 
was  used.  The  mortar  was  mixed  by  machine,  and  the  bride  and  mortar. 
were  conveyed  to  the  masons  in  wheelbarrows.  The  costs  given  in  TsUe  XIII 
cover  the  laying  of  42,700  bricks. 

Table  XIII. — Unit  Costs  ov  Lathto  "Btacm, 

Rate  Cort 

Item  per  hour  per  M 

Foreman $0.75  $0.97 

Building  scaffolds 0.25  0.16 

Masons / 0.675  4.28 

Masons'  tenders 0.S25  O.tl 

Mortar  mixer 0.325  0.25 

Totals '. .  $0.70 

Form  Building  and  Demolition. — (a)  Forma  for  Watta  Btlow  Groda, — ^Tfas 
total  length  of  these  walls  was  600  ft.  and  their  ludght  4  ft.  6  ins.  POasten 
9  X  26  ins.  were  built,  as  indicated. 

The  forms  were  built  in  sections  and  were  used  thrae  tlnwi.  Tlisar  oon- 
tained  5,000  ft.  B.  M.  of  lumber.  The  forms  tot  ibe  piliitsfi  mn  made  of  1- 
in.  lumber,  and  the  remainder  of  theie  forms  wts  bunt  of  %4ni '. 
together  into  sections.  . . :  ■   , 
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the  column  footings  were  placed  by  the  concrete  workers,  and  the  cost  of  same 
is  included  in  the  cost  of  the  concrete  work. 

The  quantity  of  reinforcing  steel  in  the  various  portions  of  the  building  is 
as  follows: 

Pounds 

In  column  footines 3,000 

In  columns 12.500 

In  roof  slab,  main  reinforcement 52,000 

In  roof  slab,  top  reinforcement 20,000 

In  beams 27.000 

The  costs  of  assembling  and  placing  the  steel  reinforcement  (except  m 

noted  above)  are  given  in  Table  XYI  these  costs  covering  01,500  lbs.  of  steel 

and  533  cu.  yds.  of  concrete: 

Tablb  XVI. — Costs  of  Absbmbling  ani>  Placiko  Stbbl  RxiNroBcnmr 

Cost  per  ou.  yd. 
Rate  per  hour         Cost  per  100  lbs.  of  concrete 

Foreman $0.45  SO. 096  $0. 166 

Laborers 0.25  0.137  0.285 


Totals $0,233  90.401 

Mixing  and  Placing  Concrete. — The  concrete  in  the  floors  Uld  walls  Up  tO  the 
floor  level  (including  footings)  was  wheeled  from  the  mixer  to  the  fonns  in 
wheelbarrows  and  poured  at  the  floor  level.  The  concrete  In  the  roof  and  in 
the  portion  of  the  columns  above  the  floor  level  was  discharged  from  the  mixer 
into  wheelbarrows,  which  were  hoisted  to  the  roof  level  in  a  double-cige 
building  elevator  and  wheeled  to  place  over  runways  laid  on  the  roof  fonne. 
All  concrete  was  mixed  in  mixers  of  the  batch  type.  All  stone  and  sand  were 
wheeled  to  the  mixer  in  wheelbarrows  loaded  by  hand.  The  costs  of  this  miA 
are  given  in  Table  XVII. 

Table  XVII. — Cost  Data  on  Mixing  and  Placing  Concbbtb  in  Vaxtous 

Pabts  of  Stbuctxtbx 

Rate  per   Cost  per 
Item  hour         ou.  j^ 

Walls  and  Footings;  163  Cu.  Yds. ;  Dist.  Wheeled    75  ft. 

Foreman SO. 40  $0.04 

Wheeling  sand,  stone,  concrete 0. 20  0. 68 

Placing  concrete 0. 25  0.06 

Attending  mixer 0. 25  0.08 

Totals S0.81 

Column  Footings  and  Columns  Up  to  Floor  Level;  66  Cu.  Yds.;  Av. 

Wheeled,  85  ft. 

Foreman 80.40  80.28 

Wheeling  Band,  stone,  concrete 0.20  0.70 

Placing  concrete 0. 85  0.21 

Attending  mixer 0.25  0.20 

Totals 81.88 

Columns  Above  Floor  Level,   Beams  and  Roof  Slab;  467  Cu.  Yds.;  Av. 

Wheeled,  90  ft. 

Foreman f0.40  80.21 

Wheeling  sand,  stone,  concrete 0.20  0.67 

Placing  concrete 0. 85  0.17 

Attending  mixer 0.25  0.12 

Operating  elevator 0.20  0. 10 

Totals 81.87 

Estimating  Brick  Work. — The  following  is  given  \xf  I.  P.  Hiflkl   kl  tlil 

National  Builder. 
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in  size  above  the  breast,  figure  according  to  the  size  and  number  of  flues  from 
there  to  the  top  as  given  above.  These  figures  should  enable  one  to  arrive  at 
a  very  close  figure  as  regards  the  number  of  brick  required.  In  the  above 
figures  no  allowance  has  been  made  for  any  waste  in  brick  and  it  would  be 
proper  to  allow  a  small  percentage  for  broken  and  wasted  brick.  If  the  brick 
are  of  good  quality,  3  to  5  per  cent  ought  to  cover  all  the  waste  in  handling 
and  laying. 

Labor  Cost  of  Laying  Brick. — The  labor  cost  Of  lajring  brick  varies  according 
to  the  wall,  the  bond  and  the  kind  of  mortar  joint  made.  Common  brick  laid 
with  common  bond  and  plain  cut  joints :  a  bricklayer,  with  one  tender,  should 
lay  1,100  brick  per  8-hour  day,  using  cement  mortar,  and  1,350,  using  lime 
mortar. 

For  walls  laid  in  common  bond  with  struck  joint  one  side  and  plain  cut 
joint  on  the  other  side,  figure  1,000  brick  per  8-hour  day,  using  cement  mortar, 
and  1,200,  using  lime  mortar. 

For  face  walls  laid  up  with  selected  common  brick  in  common  bond  and 
struck  joints,  figure  950  brick  per  8-hour  day,  using  cement  mortar,  and  1,000 
for  lime  mortar. 

For  face  walls  laid  with  selected  common  brick  in  conunon  bond  with  V- 
shaped  mortar  joints,  or  with  joints  raked  out,  figure  per  8-hour  day,  900  brick, 
using  cement  mortar,  and  950,  using  lime  mortar. 

Face  walls  laid  up  with  press  brick  or  face  brick  where  there  are  panels  and 
pilasters,  figure  850  to  400  brick  per  8-hour  day. 

For  plain  walls  laid  up  with  press  or  face  brick,  figure  700  to  800  brick  per 
8-hour  day. 

Figure  laborer's  time  same  as  bricklayer's  time  where  there  is  but  one 
bricklayer  working;  if  two  bricklayers  are  working,  figure  H  hour  laborer's 
time  to  1  hour  of  bricklayer's  time. 

Costs  of  Masonry  and  Carpenter  Work  for  a  Church  Building. — ^Engineer- 
ing and  Contracting,  Nov.  30,  1910,  gives  the  following  costs  taken  from  the 
records  of  the  contractor,  John  McMichaels. 

The  building  was  a  brick  masonry  and  timber  structure  constructed  at  Oak 
Park,  111.  The  work  involved  rubble  masonry  foundation  walls,  concrete 
footings,  brick  masonry  and  timber  roof,  fioors  and  finish. 

Huhhic  Masonry. — The  foundation  walls  were  of  nibble  masonry  about 
one-fifth  of  the  stone  from  which  were  taken  from  the  waUs  of  the  old  church. 
The  cost  per  cord  of  masonry  (100  cu.  ft.)  was  as  foUows: 

Total  per  cord 

MaterialH: 

81  cords $     619.08 

100  bblrt.  Portland  cement 170.37 

Total  material $     780.45     $  9.734 

Labor: 

«41-\i  hrs.  masons  at  ")0  ots $     420.58 

r)2.")li  hrs.  helper  at  30  cts 157. 55 

2[H)  hrs.  helper  at  2.")  cts 73.97 

103  hrs.  helper  at  20  cts 20.60 

U;  hrs.  helper  at  1')  cts 2.40 

Foreman 75. 80 

Timekeeper 21.69 

Water  hoy 12.37 

Xifrht  watchman 0. 60 

Total  labor $     785.56     S  9.098 

Grand  total f  1,575. 01     $19,439 
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First  Floor  Oirdera. — The  costs  of  the  first  floor  girders  was  as  follows: 

3.  147  ft.  B.  M.  10  X  10  in.  Y.  P.  at  $20 $62. 94 

66  hrs.  carpenters  at  42>^  cts 28. 04 

Foreman 1 .  50 

Timekeeper 1 .  50 

Watchman 1.00 

Total $94.98 

These  girders  were  pitched  for  an  inclined  auditorium  floor  and  one  man 
laid  48  sq.  ft.  per  hour.    The  cost  per  M.  ft.  B.  M.  was  as  follows: 

Material $20.00 

Labor 10.18 

Total $30. 18 

First  Floor  Joists. — The  cost  of  laying  2  X  10-in.  and  2  x  12-in.  Joisti 
pitched  to  an  incline  for  an  auditorium  floor  was  as  follows: 

15.  062  ft.  B.  M.  yellow  pine  joists $247. 49 

239>^  hrs.  carpenters  at  42H  cts 101 .  54 

4  hrs.  labor  at  25  cts 1 .  00 

Foreman 22.92 

Total $372.95 

One  man  laid  63  sq.  ft.  per  hour.    The  cost  per  M.  ft.  B.  M.  was  as  foUowi: 

Material $16. 50 

Labor 8.38 

Total $24.88 

Timber  Roof. — The  timber  roof  comprised  trusses,  valley  rafters  and  purUm. 

Lumber: 

15,  428  ft.  B.  M.  lumber $332. 14 

20  hrs.  unloading  at  45  cts 9. 00 

34  hrs.  unloading  at  25  cts 8. 60 

_  1>^  hrs.  unloading  at  30  cts 0.45 

Total $350.09 

Framing  Trusses: 

333  hrs.  carpenters  at  42^  cts $141.89 

Foreman 62. 40 

Timekeeper 7.08 

Night  watchman 7.00 

Total $217.87 

Raising  Trusses: 

132H  hrs.  at  50  cts $  66.25 

30  hrs.  at  30  cts 9.00 

35M  hrs.  at  25  cts 17.82 

48  hrs.  at  42^  cts 20.87 

Iron  foreman 86.00 

Foreman 9 .  00 

Timekeeper l.QO 

Total $159.44 

Valley  Rafters: 

54>^  hrs.  labor  at  42K  cts $  88. 16 

Waterboy ■  1.45 

Total $  24.61 

■Purlins: 

136H  hrs.  at  42H  cts $  67. 18 

Foreman 4.40 

Timekeeper 1 .  00 

Watchman 1.00 

Total 8  88.88 

Grand  total  labor M88.i6 


ToUl.... 


13,674  ft.  B. 
339H  bn.  c» 

Timeketp^r'.'. 
Night  watfiht 
BlU  hre.  labc 

Total 

rheae  totals  give 


ToUl. . 
J  ridging  costs 


12  hrs.  labor  : 

Foremsn 

Timekeeper. . 


Material. 
Total. . 


SOOOBq.  ft.  c 
23oW  hrs,  cai 
35  hre.  Ubor  i 


?heae  totals  § 


Tots!.. 
:be  amount  o 
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toring. — The  cost  of  2  X  6-in.  D.  &  M.  flooring  was  as  foUom: 

14.  414  ft.  B.  M.  lumber $227. 58 

lOlH  hre-  carpenters  at  A2\i  eta 43. 05 

56  hrs.  labor  at  25  cts 14 .  00 

Foreman 19.00 

Timekeeper 2. 00 

Total t306.0S 

These  totals  give  the  following  costs  per  M  ft.  B.  M. : 

Materials S15. 60 

Labor 5.42 

Total t20.02 

About  143  sq.  ft.  of  flooring  was  laid  per  man  per  hour. 

Summarizing  the  cost  of  carpenter  work  per  unit  we  have  the  fcdlowlnf: 

Floor  strips  in  cinder  concrete f  7.00  per  M.  ft. 

First  floor  girders 10. 18  per  M.  ft. 

First  floor  joists 8.33  per  M.  ft. 

Truss  timbers  and  valley  rafters 31.84  per  M.  ft. 

Rafters 13.86  per  M.  ft. 

Roof  boarding 8.26  per  M.  ft. 

Flooring 5.42  per  M.  ft. 

Ceiling 14.20  per  M.  ft. 

Cost  of  Carpenter  Work  on  a  Frame  Residence. — ^Engineering  and  Oon- 
tracting,  Nov.  30,  1910,  publishes  the  following  data  furnished  by  the  ocMi- 
tractor  John  McMichaels. 

The  costs  are  calculated  per  thousand  ft.  board  measure  of  himber  usedin 
the  construction  of  a  residence  at  Chicago  Heights,  lU.,  in  1006.  Vniflik 
labor,  at  60  cts.  per  hour  for  carpenters,  was  used: 

Frame  timber $  0.00 

Bridging  (per  M.  ft.  of  joists) 8. 00 

Rough  floor  and  roof  boards 6. 82 

Sheathing 10.40 

Siding 20.00 

Floors   maple  3-in 14.00 

Floors   Y.  P..  3-in 12.00 

Ceiling   Y.  P..  3-in U.OO 

Erecting  the  millwork  cost  50  per  cent  of  the  value  of  the  material. 

Unit  Co8t8  of  Carpenter  Labor  on  Four  Two-Story  Fram*  Flait.  —In  EngineCi^ 
ing  and  Contracting,  Dec.  14,  1910,  John  McMJchaeis  gives  the  foUowing. 
The  costs  are  for  labor  per  thousand  feet  board  measure  of  lumber  with  unfam 
labor  at  60  cts.  per  hour.  The  buildings  were  each  two  stories  in  heig^  and 
were  21  ft.  6  ins.  wide  by  34  ft.  in  depth: 

Frame  timber. $10.00 

Bridging   (per  M  ft.  of  joists) 8.00 

Sheathing 8.80 

Shingles 9. 22 

Siding 14.57 

Flooring.  Y.  P 15.00 

Flooring,  maple 15. 00 

The  millwork  was  bought  by  board  measurement  and  was  made  up  on  tkr 
job.  The  cari)enter  work  for  making  up  and  setting  the  mlUwork  oast  5 
per  cent  of  the  cost  of  the  material. 

Labor  in  Different  Types  of  Work  in  Constroctlag  Fkame  Hovaea. — T 
data  giv'on  in  Table  XVIII  are  derived  from  a  table  given  hj  Jjdmj  K.  8b 
man,  President  of  the  U.  S.  Housing  Corporation  in  ITmliMMiilm  Ncr 
Record  Feb.  5,  1920. 


BUIL 

Tabui  XVIII.— Hocbi 


icftvation  (Ecneist) 

ickfill  and  grading 

irme  for  concrete 

.borer's  time  IH  cupeat 

■Urproof  painting 

rainai^e  cellar  floor 

iborer'a  time  ^  p1a8t«reri 

iborer's  time  ii  ^teier 
imber  and  carpentry 
oo^^BlSI*^"'   ™'^  1 

The  ratea  given  atmve  a 
^  a  lure?  numt>er  of  hoti 

Unit  Hour  Basis  for  Estii 
ig,  Sept,  28,  1921.)— The 
ssociation,  with  the  co- 
•llowtoe  tables  for  use  in 


1576 


HANDBOOK  OF  CONSTRUCTION  COST 


The  "  unit  hours"  shown  in  the  third  and  last  columns  represent  the  number 
of  working  hours  which  in  the  opinion  of  the  conunittee  are  required  to  frame, 
put  in  place  and  finish  1,000  ft.  of  the  various  kinds  of  lumber  shown  in  other 
columns.  By  multiplying  the  actual  quantities  required  for  a  job  by  the 
number  of  "unit  hours"  the  total  number  of  "work  hours"  are  obtained  and 
the  latter  are  then  multiplied  by  the  current  wage  rate. 

Relative  Cost  Types  of  Deep  Foundations. — I  am  indebted  to  J.  H.  Thorn- 
ley  for  the  following  matter. 

Where  loads  are  excessively  heavy  or  the  bearing  value  of  the  surface  soil 
unusually  low,  spread  footings  must  be  replaced  by  one  of  the  following  types 
of  deep  foundation. 

The  table  indicates  the  effect  of  various  governing  factors  on  the  compara- 
tive economy  of  the  different  types. 

The  types  are  given  approximately  in  order  of  cost  per  ton  of  bearing  value. 
That  is,  if  the  nature  of  the  proposed  work  is  such  that  the  **  Conditions  indi- 
cating use"  would  show  either  type  "A"  or  type  "B"  to  be  applicable,  then 
type  "B"  would  usually  give  the  cheaper  foundation. 


Type 

"A" 
Compressed 

Caissons. 


Air     loads. 


Conditions  Indicating  Use 
1.  Very  heavy  concentrated 


2.  Water   or    water   bearing 
material   to    be   penetrated. 

3.  Rock  or  material  of 
almost  equal  bearing  value 
within  100  feet  approximately. 

4.  Work  sufficiently  exten- 
sive to  warrant  heavy  installa- 
tion costs  of  the  necessarily 
elaborate  plant. 


Objections  to  Use 

1.  Extremely  high  cost 

2.  Slowness. 


Remarks:  Load  capacity  of  finished  pier  calculated  on  basis  of  column  to  rocL 


Open  Ended  Steel 
Pipe  Concrete 
Filled  Piles. 


1.  Rock  within  40  pile  diam- 
eter (GO' for  an  18*pile). 


2.  Material  to  be  penetrated 
of  low  bearing  value. 

3.  Pile  to  be  entirely  below 
finished  ground  level. 

4.  Loads  fairly  heavy  and 
concentrated,  50  tons  or  more 
per  column. 

5.  Piles  to  be  placed  in 
cramped  quarters,  e.g.,  between 
shorings. 

6.  Material  to  be  penetrated 
easily  jetted;  sand  BUt  or  muck. 

7.  Work  sufficiently  exten- 
sive to  warrant  the  installation 
of  the  compressor  plant  neces- 
sary for  blowing  out  of  piles. 


1.  Danger  of  occurrence 
of  large  boulders  or  other 
obstacles  which  may  make 
blowing  out  of  pile  im- 
possible. 


Remark 


sary  lor  oiowing  oui  oi  piies. 

JIC/AC.14//1-.'?:  Load  capacity  calculated  on  basis  of  supported  column  to  rt)ck. 
Within  forty  diameters  (New  York  building  code  allows  600  pounds  per  squire 
inch  on  concrete  section  and  7500  pounds  per  square  inch  on  steel  seotioOt  k* 

>i6  inch  steel  allowed  off  for  rust). 


lowed    accDrdiriA 
formula. 

3.  Material  to 
of     some     frioti 

"Y^Length  of  p 

S.  Heavy  bou 

debris  liable  to  t 


driving. 

a.  EnclOMd 

makini  blowTnc 
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Open  Caissons  or 
Caisson  Piles. 


1.  Large  concentrated  loads. 


in 


1.  Danger  of  striking 
Quioksand  or  unexpeoted 
apringB. 

2.  Slower  method  than 
driven  piles. 


2.  Little    or    no    water 
material  to  be  penetrated. 

3.  Rock  or  material  of  high 
bearing  value  within  thirty 
feet.  • 

Remarks:  Load  capacity  of  finished  pier  or  pile  calculated  either  on  basis  of 
column  to  rock  or  on  basis  of  bearing  value  of  Dottom  material  if  not  rock. 


Float  F  o  u  n  d  a  - 
tions. 


1.  Uncertainty. 


1.  No  safe  bearing  strata 
within  economical  reach  of 
piUng. 

2.  Surface  material  liable  to 
flow  but  practically  non- 
compressible  when  contained. 

3.  No  danger  of  future  exca- 
vation occurring  in  close 
enough  proximity  to  the  foun- 
dation to  cause  flow  of  the  sub 
soil. 

4.  No  likelihood  of  change  in 
the  local  water  table  which 
might  result  in  drying  out  and 
consequent  shrinkage  of  sub 
soil. 

5.  A  uniformly  distributed 
load. 

6.  A  surface  sub  soil  of 
homogeneous  material  giving 
uniform  bearing  value. 

Note:  So  called  float  foundations  are  often  merely  cases  of  a  tpnttd  fooCinc 
extending  under  the  entire  building.  ^  The  term  "float  foundation^ as  here  VSN 
means  a  foundation  on  material  which  would  flow  under  the  buildinc  losd  if 
not  contained. 

"G" 
Wooden    Piling. 


"IT" 
C  a  8  t-i  n-p  lace 
Concrete  Pil- 
ing. 


1 .  Piles  to  be  whollsr  below 
ground  water  level,  or  if  in  open 
water  to  extend  above  the 
low  water  level  only  to  such  an 
extent  that  the  part  above 
water  level  will  not  become 
dried  out.  (This  extension 
above  low  water  level  will  vary 
according  to  climatic  condi- 
tions.) 

2.  Comparatively  light  loads 
or  uniformly  distributed  loads. 

3.  Water  conditions  such  as 
to  permit  of  cut  o£F  at  time 
of  driving  without  sheeting 
and  pumping. 

4.  Assurance  that  the  water 
table  will  not  be  lowered  either 
by  climatic  changes  over  a 
period  of  years  or  by  artificial 
changes  such  as  sewers,  sub- 
ways or  canals. 

1.  Load  sufficiently  concen- 
trated to  give  20  tons  or  more 
per  pile. 

2.  Surface  soil  of  sufficient 
bearing  load  valile  to  carry  a 
land  pile  driving  rig. 

3.  Probable  length  of  pile 
under  50'. 

4.  Speed  required. 

5.  Load  concentration  not  in 
excess  of  6H  tons  per  square 
foot. 


1.  Where  piles  «n  driveo 
through  strata  of  small 
bearing  vmlue  to  hard  pan 
or  rock  practically  aD  ofthe 
load  must  be  taken  in  «id 
bearing  which  may  resoh  in 
end  crushing;  or  eolunui 
failure.  The  liability  to 
o<dumn  failure  beeomci 
serious  in  lone  piles  if  thosr 
are  not  absolutely  straithi 

2.  In  driyinc  in  soil  eoo- 
taining  bonlaefs  or  in 
drivinf  to  a  rock  besriai 
there,  is  always  danger  oi 
oraekincand  aid  boomjag. 


1.  Caimot 
through 


be     driTW 


,.  It  i  not  iQtcndfd  to 


>  U9e  compreased  olr  i 
imoved  by  buckels. 

The  uauol  crew  tor  a  5- 
ne  dumper  und  enough  n 
□e  wheeler  could  handle 
ot  exceed  100  ft.  and  tbt 

The  first  set  of  lagging  ] 

ere  built  of  2-in,  plank,  1 
ad  on  these  platlorms  ttv 
n  one  end  of  which  was  i 
iggerhead.  Directly  ov 
ailable  for  a  l-in.  Manila 
1  diameter  and  24  ina.  de 
ial.    Power  was  supplied 

bull  wheel  on  a  stub  shi 

oistlng  engine,  and  the  c 

a  three  shifts  of  eight  hoi 

uperintendent,  an  assist 

if  the  typical  soft  blue  cla 
lext  10  to  15  ft.  the  matei 
t.  was  hard-pan,  which  i 
o  ,1  ft.  consisted  of  water- 

,arge  boulders,  which  req 
he  first  5S  ft.,  3  X  G-ih.  I 
listance,  about  26  ft.,  2 
vrought  lion  rin^s  were  3 

'ated  material,  which  wu 


Shift  (8  hre.) 

Ft. 

1 

6 

2 

14 

3 

21 

4 

27 

5 

35 

0 

41 

7 

46 

8 

50 

9 

54 

10 

55 

11 

57 

12 

59 

13 

62 

14 

65 

15 

68 

16 

72 

17 

77 

18  . 

80 

19 

81 
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Table  XIX  shows  the  actual  progress  made  by  each  eic^ht-hour  difft  ftf 
two  5-ft.  diameter  caissons.  It  is  seen  that  the  progress  for  each  caiasQiiiii 
practically  the  same  for  each  shift. 

Table  XIX 

Caisson  No.  14.    Depth  each       Caiason  N'o.  15.    Depth  Mih 
shift  shift 

Ins.  Ft.  lu. 

0  6  0 

0  13  10 

2  '             20  10 

4  27  4 
7  85  7 

5  41  5 

7  46  7 

10  50  10 

8  53  8 
8  55  4 
8  58  7 
8  58-7 
5  60  4 
5  64  2 
8  66  8 

11  69  10 
4  76  2 
2  '  80  g 
8  82  8 

Co8i  Data. — The  total  excavation  for  caisson  No.  14  was  50.4  cu.  yds.,  ttai 
total  labor  cost  for  excavating  and  for  placing  the  lagghog*  was  S8S8.70i 
making  a  cost  per  cubic  yard  of  $5.53.  For  caisson  No.  15  the  eicavBftlai 
was  59.8  cu.  yds.,  the  total  labor  cost  was  $328.70,  and  the  labor  cost  percoUc 
yard  was  $5.50. 

The  total  pay  roll  for  all  work  done  in  connection  with  the  excaTation  cf  ths 
site  and  the  digging  and  concrete  of  the  wells  was  $23,468.50.  This  did  not 
include  the  cost  for  shoring  materials,  for  electrical  work,  or  for  the  engtaMr- 
ing  work,  which  required  the  services  of  three  men  two  days  out  of  every  tliiM* 
The  following  scale  of  wages  i)er  hour  was  paid:  Common  laborers,  40  cti.,  j 
niggerhead  men,  50  cts.;  diggers,  57H  cts.;  lagging  boss,  60  to  70  cts.;  riO&V 
foreman,  65  to  75  cts.;  foreman,  75  cts.;  and  engineers,  75  cts. 

With  conditions  such  that  the  excavating  operations  consisted  of  excavsttaigi 
pulling  and  wheeling,  the  cost  per  shift  (with  the  overhead  charges  propntf 
distributed),  when  ten  wells  were  being  excavated  at  the  same  time,  avenfMl 
about  $17.30  per  well.  This  gives  a  cost  of  $51.90  per  day  per  well,  or  $510.00 
per  day  for  the  ten  wells.  These  costs  include  the  necessary  labor  for  unkud- 
ing  and  piling  the  lagging  and  rings,  and  practically  all  items  connected  with 
the  actual  work  done  on  the  caissons.  It  does  not,  however,  include  the  dii- 
posal  of  the  excavated  material  (after  dumping  Into  the  chute;,  the  cost  of 
shoring  materials,  or  the  concreting  of  the  caissons.     . 

Concreting  of  Caissons. — The  }^-jd.  motor-drlven  mizer  was  mounted  on  ft 
platform,  placed  at  the  level  of  the  street.  The  concrete  materials  were  stond 
in  the  street,  and  the  concrete  was,  in  most  cases,  spouted  to  the  caisMns.  For 
some  of  the  more  distant  wells,  however,  the  concrete  was  niieeled  in  hat^n- 
When  it  was  possible  to  keep  the  mixer  in  continuous  operation,  a  gui|r<'^ 
men  could  mix  and  place  about  100  cu.  yds.  per  shift  of  eight  hours,  at  a  Wmt 
cost  of  slightly  less  than  $1.00  per  cubic  yard.  The  labor  ooat,  evoi  «1A 
Intermittent  running  seldom  reached  $1.25  per  cubic  yard.     Hie  eoucnla  W 


I 


red  In  at  the  lop  of  i 

nixture  ot  one  part  1 

Comparison  of  the  < 

ngineering  end  Coni 

ilheerecUonofalai 

nierof  1910,  a  pile  t 

of  piling  arose.    Th 

ground  water  line 

nded  fargdj  on  skin 

propoHal  was  made 

were  designed  to  ca: 

9  under  each  pter. 

™nu.— The  followic 

ted  out  hy  n  three-lei 
t  up  and  dispose  ol 
,er  existed  in  maa;  <j 


Sicataiion,— The  cost 
luded  bBckflUing.  Tl 
ailing  pumping,  sheet, 
ting  ot  dirt  was  frequ< 


The  majority  of  the  pi 
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The  average  price  per  pile  for  the  concrete  cap  and  the  pier  frcxm  cap  to 
footing  grade,  was  $7.16. 

Recapitulation. — From  the  foregoing  figures  the  following  table  summariztaif 
the  cost  of  a  pile  in  the  various  size  piers  is  obtained: 

Cost  per  mile 
Item  ,  4  pile         5  pile  7  pile  9  pilo 

Driving  and  foUowing $10.21     $10.21  $10.21  $10.21 

Sawing  lieads 0.38          0.38  0.38  0.S8 

Excavating  and  baclEfiOl 0.65          9.08  7.51  6.71 

Concrete 8.506        7.84  6. 17  6.22 

$28,745  $  27.01     $  24.27     $  22.62 
4  6  7  9 

Cost  of  completed  pier $114.98    $186.06     $169.80     $202.68 

Concrete  Piles. — Numerous  tests  have  shown  that  where  the  loading  li 
supported  by  sldn  friction,  a  short  tapering  concrete  pile  will  sustain  aa  gnt^ 
or  greater  a  load  than  a  long  wood  pile  and  for  that  reaaon  it  was  propond 
to  use  24  ft.  piles  on  this  worlc  had  concrete  piles  been  selected.  In  tests  mads 
in  just  such  soil  conditions  as  existed  in  this  case,  it  was  demonstrated  that  tte 
concrete  i)iles  could  stand  from  two  to  three  times  the  loading,  without  settlB- 
ment.  that  the  wood  piles  could  carry,  but  in  order  to  be  conservative  60  pv 
cent  greater  loading  is  assumed  for  a  comparative  basis  of  cost.  The  cost  <tf 
a  4  pile  cluster  (assmning  same  loading  as  on  wood  piles)  of  ooocrate  pAv 
would  be: 

PiHng,  4  at  $24 S  06.00 

Excavation  for  cap  at  2  cu.  yds.  at  $1.00 2.00 

Concrete  in  cap  2  cu.  yds.  at  $5.40 10. 80 

$108.80 

Assuming  50  per  cent  greater  bearing  power,  pOes  to  be  diiven  on  2  ft 
centers,  the  cost  of  a  4  pile  cluster  would  have  been: 

Piles,  3  at  $24.00 872.00 

Excavation,  2  cu.  yds.  at  $1.00 2.00 

Concrete  cap,  2  at  $5.40 10. 


884.80 

This  is  a  saving  of  approximately  26.6  per  cent  of  the  initial  cost  of  the  mod 
piles.  ITpon  the  same  premises,  the  cost  of  the  different  sixe  piers  would  have 
been  as  follows: 

Cost  of  Concbxts  Piia  Ftmbb 

Number  of  wood  piles 4  6  7  0 

Cost  of  roncrete  piles $72.00  $96.00  $120.00  $144.00 

Cost  of  excavation 2.00  2.00  8.00  $.00 

Cost  of  cap 10.80  10.80  18.20  16.20 

Total  cost $84.80    $108.80     8180.20    8161.20 

A  comparison  of  the  cost  of  the  complete  wood  pOe  plan  mosHMiy  to  td9 
caro  of  the  same  loading,  with  the  concrete  piles  and  tbe  peri 
initial  cost  in  favor  of  the  latter  is  shown  in  the  foUowinc  talllt: 


.A. 
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Inches  in  diameter  aurmountlng  a  bioad  base  or  pedestal.  Is  thus  loft  In  tbt 

The  lollowlng  auoiQiBriee.  ot  cant  uid  workins  ccoidltlonB  on  two  typk*! 
Jobs  where  pedestal  concrete  piles  were  used,  were  prepared  by  J.  B.  TbomlBT. 
chltf  engineer,  MacArthur  Concrete  Pile  k  Foimdatloil  Co. 


Location  of  Job:  Weat  Oranaii   N.  J. 

Owaen:  Waid  B»iin«  Compaoy 

"     '       '  Vom  work  wu  dons:  John  W,   PertueoB  CoaqiB>ri 


Paleraon  N.J, 


r.  Distance  between  piers:  IB  feet  one  wax — 33  feet  one  way 
t.  Pile  centres:  3  foot  0  incha     . 

"  ronditioDS :  Sand  and  laTve  boulders 
).  ScnmrkB:  Very  hard  drivins— worM  poalble  oandltbun 
I.  ToUl  foot8«o:  S.fiflS 
'    Tnt,l  Cost:  (9  503.00 

per  foot  ot  pile:  tl.71 

apaid:  Forpman «Sa.SCa«Mt 

EngiUMts U.Ua>s(k 

Pile  driviT  Men l.OOaakMr 

Connote  Labor.. TSiakar 

.  of  Material:  t2.93  per  barrel  of  eement 

2.7.1  per  ou,  yd.  ol  «asd  and  (iBTal  shi  laBlii 
ition:  oF  Job:  Clifton.  Staten  Island 
ers:  Pouch  Terminal  Company 
tractors  for  wbooi  work  waa  done:  Tumsr  Constniatiaa  Cvagtn'^ 

.1>cr  of  piles  in  job:  7S7 

raiteleoKth:  22.8  Feet  .   ■ 

I  in  (roups  ot:  ID  to  21  , 


1586  HANDBOOK  OF  CONSTRUCTION  COST 

between  the  plank  and  top  flooring.  The  ground  was  prepared  by  the  con- 
tractor for  the  building  by  rolling  or  puddling,  therefore,  the  costs  given  in  the 
accompanying  table  are  for  materials  and  labor  above  the  ground. 

-  The  soft-coal  cinders  used  for  the  foundation  course  were  purchased  from 
the  railroad  and  delivered  in  cars  on  a  siding  from  which  they  were  shoveled 
directly  into  the  basement  where  used.  Materials  were  delivered  and  the 
work  performed  in  the  winter,  so  that  storage  in  the  basement  obviated  the 
necessity  of  heating  the  cinders  when  mixed  with  the  tar.  Tar  was  purchased 
from  the  local  gas  works  and  14  gal.  used  per  cu.  yd.  of  cinders. 

The  cinders  were  spread,  rolled  and  tamped  to  a  thickness  of  4  in.;  the 
shrinkage  from  measurement  in  cars  to  place  was  36%.  Sand  and  tar  were 
heated  outside  the  building  and  mixed  in  the  basement.  This  mixture,  while 
warm,  was  spread  over  the  cinders  and  screeded  off  H  in*  above  the  bottom  of 
the  plank;  planks  being  laid  to  grade  for  screeding.  Into  the  sand  while 
still  warm,  the  3-in.  planks  were  firmly  bedded  by  ramming. 

For  specially  prepared  tars,  50  to  60  gal.  per  yd.  of  sand  are  srpecified.  On 
this  work  the  greatest  amount  of  tar  that  the  sand  could  be  made  to  contain, 
without  making  a  soft,  wet  mixture,  was  35  gal.  per  cu.  yd.,  the  same  kind  of 
tar  being  used  in  both  cinders  and  sand.  The  writer  has  knowledge  of  floon 
where  the  tar  has  come  up  through  the  joints  in  both  plank  and  top  floor  due, 
no  doubt,  to  an  excess  of  tar  in  the  sand. 

The  difference  in  voliune  of  sand  in  place  and  in  carts,  due  to  compreasion 
and  to  inequalities  of  surface  of  cinder  layer  was  68%.  The  plank  was  3-in. 
kyanized  hemlock,  planed  one  side  to  a  uniform  thickness  of  2  H  in.  and  not 
less  than  6  in.  wide,  random  lengths,  square  edged  and  saw  butted;  laid  to 
break  joints  and  toe  nailed  but  not  driven  tightly  together.  There  was  no 
loss  of  plank  by  cutting. 

Over  the  plank  were  placed  two  layers  of  felt  and  one  of  pitch.  The  felt 
weighed  14  lb.  per  100  sq.  ft.  and  was  laid  to  break  Joints  one-half  the  wMth 
of  the  sheet;  no  pitch  was  allowed  to  come  in  contact  with  either  plank  or  top 
floor.    The  loss  in  area  of  felt  due  to  lapping  was  21%. 

Over  the  felt  and  at  right  angles  to  the  plank  was  laid  a  maple-top  floor  IKi 
in.  thick.  This  flooring  was  square  edge,  3  in.  wide,  and  nailed  with  10- 
penny  finish  nails  through  the  top  every  8  in.  on  alternate  sides. 

The  waste  and  shrinkage  due  partly  to  laying,  but  mostly  to  manufacture, 
was  40%;  in  Other  words,  while  the  market  price  of  the  flooring  was  946  per 
M,  the  shrinkage  in  manufacturing  that  must  be  paid  for,  plus  a  small  loai  by 
waste  in  laying,  brought  the  cost  up  to  $63  per  M.  Builders  are  familiar  with 
shrinkages  in  manufactured  lumber,  but  engineers,  not  having  occasion  to  use 
it  so  frequently,  are  not  so  familiar  and  are  surprised  when  as  for  instance, 
they  purchase  5-in.  V-sheathing  for  building  a  fleld  ofBce*.  to  flnd  that  It  ooven 
a  width  of  only  3|^  in.  and  that  the  Western  rules  for  inspection  of  hard  pine 
allow  H  in.  less  than  the  Eastern,  which  in  turn  allow  an  H-in.  or  more,  lea 
than  full  dimension  for  square  timber  and  plank. 

Referring  to  the  accompanying  table,  the  quantities  aie  {be  qusntitlei 
purchased  in  the  market,  as  for  instance,  4  in.  of  dnden  inplaoe  amount  to 
0.151  cu.  yd.  measured  in  cars,  or  36%  more  than  the  place  measuiement  and 
similarly  for  sand,  felt  and  top  floor,  there  behig  no.  loss  In  laying  the  SMn. 
plank. 

In  this  work,  two  distinct  classes  of  labor  or  trades  were  employed,  roofcn 
in  this  case  and  carpenters,  and  though  they  worked  together,  tbeir  oxgsaltt- 
tions  were  separate.    For  this  reason,  the  combined  items  tar  superlntendBBBB 
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is  high  and  that  for  superintendence  of  roofers  unnecessarily  so.  Reducing 
the  item  for  superintendence  of  roofers  and  using  untreated  plank  and  leaving 
out  the  felt  and  pitch  between  plank  and  top  floor,  the  cost  would  be  reduced 
its  shown  in  the  last  collimn  of  the  table. 

Cost  of  Granolithic  Floor. — ^John  T.  Sullivan  in  Engineering  News-Record, 
April  4,  1918,  gives  the  following: 

A  unit  cost  on  concrete  floor  finishing  of  58c.  for  100  sq.  ft.  was  recently 
attained  on  the  flrst  floor  of  the  new  Charles  Shannon  Building  in  Cincinnati. 
The  entire  job,  consisting  of  3325  sq.  ft.  was  cleaned  up  by  four  laborers  and 
two  finishers  within  nine  hours.  Work  started  at  7  a.  m.  Two  laborers 
mixed  the  finishing  material — one  wet  batch  and  another  dry  batch — using 
iron  mortar  boxes.  Two  other  laborers  roughened  the  floor  with  wire  brooms, 
the  floor  having  been  poured  the  previous  day.  As  soon  as  the  flrst  batch 
was  ready,  one  of  the  laborers  was  used  to  wheel  the  finish  in  on  the  floor. 

One  finisher  spread  the  batch  while  the  second  finisher  leveled  it  off  with 
a  6-ft.  screed.  The  flrst  flnisher  then  floated  the  surface  with  a  long  home- 
made float  and  with  a  hand-float.  The  second  flnisher  then  spread  and 
screeded  continuously  while  his  partner  worked  on  floating.  At  2  o'clock  the 
whole  floor  was  spread  and  screeded,  so  both  finishers  worked  with  the  floats 
until  the  floor  was  flnished  at  4: 30  p.  m.  The  laborers  used  on  mixing  and 
wheeling  were  put  on  other  work  as  soon  as  their  task  was  completed.  Here 
is  a  summary  of  the  costs: 

Two  laborers  to  mix,  7  a.  m.  to 2  p.  m.,  6M  hr.  each  at  30  cts.  per  hr.  »  $3.90 

One  laborer  to  wheel  finish  onto  floor,  6H  hr.  at  30  cts.  per  hr.  «■ i .  95 

One  laborer  to  broom  and  use  big  float,  8H  hr.  at  30  cts.  per  hr-  =■ ..  .  2.55 

Two  finishers,  9  hr.  each  at  60  cts.  per  hr.   ■> 10.80 

Total  labor  cost $19.20 

Total  urea -   35  X  95  ft.  »  3,  325  sq.  ft. 

Unit  cost »  $19.20  -  68  cts.  per  lOOsq.  ft. 

3,325 

One-half  hour  was  taken  for  lunch. 

Cost  of  Resurfacing  Concrete  Floors. — C.  L.  Samson,  gives  the  following 
data  in  Engineering  and  Contracting,  Nov.  29,  1911. 

Doth  floors  a.s  originally  laid  consisted  of  13/16  in.  maple  flooring  nailed 
to  2  X  4  in.  pine  nailing  strips  laid  in  concrete.  Concrete  was  flush  with  the 
top  of  nailing  strips.  In  seven  years  time  the  nailing  strips  rotted  out  and  the 
maple  came  loose.  It  was  decided  to  remove  the  maple  flooring  and  surface 
the  underlying  concrete. 

The  item  "  cleaning  floor,"  consisted  of  removing  the  maple,  picking  out 
remains  of  nailing  strips  and  scrubbing  surface  of  old  concrete  to  receive  the 
flni.sh.  It  was  the  intention  to  make  the  flnish  1  in.  thick  but  the  old  floor 
was  uneven  so  that  in  some  cases  the  flnish  was  l^i  ins.  thick,  while  in  other 
pla(^es  the  old  concrete  had  to  be  picked  out  and  renewed.  The  amount  ot 
crushed  stone  u.sed  will  serve  as  a  rough  indication  of  the  amount  of  concrete 
removed  and  replaced. 

The  form  work  mentioned  was  over  a  tunnel  and  formed  a  slab  4  X  16  ft. 
which  was  reinforced  by  hi  in.  round  rods. 

The  first  floor  was  finished  with  what  was  sold  to  us  as  WIsooDBin  Granite 
chips.  It  proved  to  be  little  more  than  sand  stone  and  did  not  make  a  sativ- 
factory  floor.     It  finished  beautifully  but  the  floor  was  so  soft  that  the  i^aje 
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The  unscreened  sand  and  gravel  was  shoveled  into  the  tooidb  throui^  tliiB 
basement  windows,  screened  and  moved  with  wheelbanawB  to  the  miiinf 
boards,  which  were  set  in  tlie  hall  at  two  points  ol  which  there  were  water 
connections.  The  mixing  was  done  by  hand,  working  4  men  on  the  mizinc 
board  and  1  man  at  the  mortar  box.  Ughts  w^  neoestary,  but  am  all  voric 
was  mider  cover,  no  delays  were  caused  by  rain.  The  gang  oonfitoted  ol  1 
foreman,  who  was  the  contractor  and  form  settef,  1  flnislier,  1  mortar  minr, 
and  from  7  to  12  laborers.  A  10-hour  day  was  worked,  the  flwjati^*?  lequirior 
extra  time,  since  all  work  was  completed  the  same  day  thai  it  wa«  bcgmL 
The  job  was  completed  in  6  calendar  weeks  and  2  days.  The  work  of  eleetrie 
wiring,  steam  piping,  laying  drain.  etC/,  was  in  progress  at  the  same  time  as  tte 
floor  construction,  which  greatly  hindered  the  progress  of  the  oaocn$/t  woik 
and  in  the  narrow  quarters  made  necessary  a  small  working  party.  The 
following  was  the  cost  of  the  work: 


« 


2,010H  hrs.  common  labor  at  10  ote $301 .06 

276.4      hrs.  mortar  mixer  at  12M  eta 84.06 

206.36    hrs.  finisher  at  27H  cte 81.60 

32         dasrs  foreman  at  i5 160. 00 

Total 8477.60 

Profit 8  60.00 

Contract  price $637.84 

The  cost  per  square  foot  of  floor  was  3.71  cts.  and  the  contract  price  wM 
3H  cts. 

Cost  of  Concrete  Arch  and  I-Beam  Power  Hovae  floor. — ^The  fcdlowlng 
itemized  account  of  the  cost  of  a  floor  built  in  a  power  house  hi  Uneolii 
Park,  Chicago,  in  1909  is  taken  from  Engineering  and  Contracttaig,  Maidi  16. 
1911. 

The  floor  was  20  X  25  ft.  in  area  and  was  made  of  lO-^n.  I-beams,  spaced  5 
ft.  on  centers.  The  concrete  was  11  ins.  thick  at  the  beams  and  was  arched 
between  the  beams  so  that  the  thickness  of  the  concrete  was  6  ins.  mt  the  cnms 
of  the  arch.  The  area  of  the  floor  was  600  sq.  ft.,  but  a  stair  eipMe  reduoed 
the  area  of  concrete  placed  to  475  ft.    The  total  cost  was  8908. 

Labor:  •  sq.  ft 

2  dasrs  engineerins  at  $3.70 80.0156 

1  day  Buperintendent  at  $3.25 0.0089 

15  days  labor  at  $2 0.0011 

13H  urs-  finishers  at  28  cts 0.0019 

64  hrs.  carpenters  at  60  cts -. O.r 

4  hrs.  mason ^ 0.1 


Total 80.1706 

Materials: 

Limiber OO.OttM 

10-in.  I-beams 0. 1051 

17H  bbls.  cement  at  $1.35 » O.047B 

10  ou.  yds.  gravel  at  $1.65 0.0it7 

G  ou.  yds.  torpedo  sand  at  $1 .35 0.0170 

Total ;  80.SS75 

Grand  total -. . . ; 80.4171 


Cost  of  Concrete  Balcony  Floors  of  the  Lockport  Power  R^oset 
Drainage  CanaL — In  Engineering  and  Contracting,  May  to,  1010»  L.  X* 

Sherman  gives  the  following. 


ii 
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Cost. — The  cost  of  the  work  is  given  in  the  accompanying  itemized  tabula^ 
tion.  The  total  cost  was  $7,827.50,  or  42H  cts.  per  square  foot.  The  engi- 
nocr's  estimate  was  $8,128.    The  only  bid  received  was  $11,000. 

Plant 
Elevator: 

Ca^e $  44.00 

Guides,  lumber 37 .  62 

400  ft.  ^^-in.  wire  rope  and  fittings 26. 26 

3  16-in.  sheaves 26. 40 

1  M-in.  snatch  block 12. 00 

Labor 43. 55 

$  189.82 
Hoisting  winch: 

1  Shannon  double  purchase  winch $  100.00 

1  42-in.  wood  pulley 8 .  10 

26  ft.  2H-in.  rubber  belt 2. 86 

Freight 7.00 

Repairs  and  fittings 8.37 

Labor  placing 6.00 

$  131.33 

Salvage  on  winch 75 .  00 

$  56.33 

Electric  motor: 

Rent  of  motor  2  hp.  220-volt  D.  C $  25. 94 

Labor  placing 5.71 

Labor  electrician 20 .  00 

S  51.65 

Electric  Current:  6  cts.  hp.  hour 76. 58 

Track : 

Rent  of  300  lin.  ft.  rail  30-lb. ..'. $  25.00 

Labor  on  track .28 .  38 

$  53.38 

Grand  total 427 .  76 

Distribution  of  plant  charge: 

To  concrete  $427.76  X  85  %  = $  361 .  60 

To  granolithic  surface  $427.76  X  15  %  « 66 .  16 

Total $  427.76 

Cost  of  Balcony  Floors 
Forms: 
Lumber: 

11.000  B.  M.  1  X  6-in.  D.  &  M.  lagging  at  $25.00. .   $  275.00 

2,220  B.  M.  2  X  10-in.  S.  L  S.  stringers  at  $30.00.  66.60 

1.500  B.  M.  misc.  rough  lumber 28 .  19 

316  ribs  for  10-ft.  span  at  66  cts 208. 56 

99  ribs  for  8-ft.  span  at  62  cts 61 .  88 

48  ribs  for  4-ft.  span  at  50.9  otfl 24 .  42 

$  664.15  . 

Bolts,  tools  etc.: 

1.000  H-in.  hook  bolts  at  8  cts .' $  80.00 

9  kegs  nails 24 .  58 

Sheet  iron 16. 16 

Tools 9.85 

$  189.58 

Total  form  materials $  798. 7$ 


Total 

IT™;  yd. 
lit  16.00. 


ReinloTcing: 

33blbi1^ 
585  iba.  H 


.8  I^^\i 
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Plant  charge: 

See  "Plant" S       66. 16 


Granolithic  total SI  ,410. 27 

Finiflhing  Ceiling. 
Labor: 

Cement  finisher.  40  days  at  $5.00 $    246. 00 

Cement  finisher.  57  days  at  $3.50 190. 60 

Cement  and  brushes 14 .  60 


$     460.00 


SUMIIABY 


Cost  in  Milts 
Totol  cost per  aq.  ft.  of  floor 

Forms,  material $    793.73     4.86     

Forms,  labor 955.79  $1,749.62  6.21  9.57 

Concrete,  material  and  mixing 2,350.00     12. 82     

Concrete,  placing 1.176.88  3,526.88  6.42  10.34 

Reinforcing 681.81  8.78  8.78 

Granolithic      surface,      plant     and 

materials 749.00     4.08     

Granolithic  surface  labor 661 . 27  1 , 410. 27  8 . 62  7.70 

Finishing  ceiling 459.00  2.61  2.51 

Total.    18.317  sq.  ft $7,827.50       •42.75 

•  Cents. 

Cost  of  t-In.  Solid  Metal  Lath  Partitioiis. — The  foUowing  data  by  A. 
Dixon  are  given  in  Engineering  and  Contracting,  Jan.  18,  1011. 

The  figures  on  plastering  are  the  amount  of  completed  ttxne  coat  work  wUdi 
one  man  can  do  in  one  hour  and  are  based  on  the  average  of  a  gang  of  men  and 
the  total  time  required  to  apply  three  coats  on  a  given  area. 

12-in.  16-in 

■tud  stud 

oenten  oentcn 

Steel  channels,  weight  lb.  per  sq.  yd 4 . 26  8. 00 

Erecting  channels,  sq.  yds.  per  hour 0.0  9.0 

Metal  lath,  applying,  sq.  yds.  per  hour 0.6  8.26 

Plastering,  three  coats,  sq.  yds.  covered  per  hour 1 .26  1.S5 

Cost  of  Metal  Lathing  and  Plastering. — ^The  following  data  are  publUwd 
by  A.  Dixon  in  Engineering  and  Contracting,  Feb.  J,  1911. 

Applying  metal  lath  on  wooden  studs:  An  expert  on  stralgfat  woik  wfU  put 
on  12.5  to  17.0  sq.  yds.  per  hour.  On  crooked  or  oomplicated  work  the  nme 
man  will  put  on  5  to  7  sq.  yds.  per  hour. 

Applying  metal  lath  on  steel  studding:  One  man  will  imt  on  from  6  to  9 
sq.  yds.  per  hour. 

Plastering  on  metal  lath:  First  coat,  from  0  to  14  sq.  yds.  per  hour;  ■«ct««i 
or  scratch  coat,  6  to  9  sq.  yds.  per  hour;  finishing  coat,  11  to  14  aq.  yds.  per 
hour. 

Cost  of  Laying  Composition  and  Gravel  Roofs. — ^H.  Lundt,  a  roofing  ocn- 
tractor  {Engineering  and  Contracting^  Apr.  12,  1911),  states  that  tiie  cheapest 
composition  roof  is  3-ply  tar  and  gravel,  using  46  Hm.  of  saturated  fialt,  70IIml 
of  tar  and  pitch,  >i  yd.  of  screened  gravel,  and  lath  and  naila  at  a  total  oort 
for  material  of  $1.50  per  square,  (10  X  10  ft.).  The  labor  ooat  of  the  wok 
varied  from  $0.40  to  $1  per  square,  depending  upon  the  aumher  of  aquni 
in  each  job.  It  requires  4  men  to  each  gang  of  roofers,  oommoB  Ubor  norir- 
ing  25  ctR.  and  skilled  labor  50  cts.  per  hour.    This  woidd  make  the  total  coil 
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Formulas  for  Weights  of  Steel  Roof  Trusses. — R.  Fleming  (Engineering 
News-Record,  March  20,  1019)  has  brought  to  a  common  notation  many  of 
the  empiric  formulas  for  determining  the  weights  ol  steel  roof  trusses. 
The  notations  used  follow: 
T   =  weight  of  truss  =  WSD; 
W  B  weight  of  truss  in  pounds  per  square  foot  of  the  horizontal  projection 

of  that  portion  ot  the  roof  supported  by  one  truss; 
S    =  span  or  distance  between  centers  of  supports  in  feet; 
D  =  distance  between  centers  of  adjacent  trusses  in  feet ; 
P    =  loading  of  truss  in  pounds  per  square  feet  of  horizontal  projection  of 

roof; 
U   •=  allowable  average  direct  stress  in  pounds  per  square  inch  (found  only 

in  the  Thayer  formula) . 
The  following  list  includes  the  formulas  most  commonly  quoted : 
Cambria  Steel  Co.,  "Cambria  Steel,"  11th  edition,  1914,  for  spans  of  75  ft. 
or  less. 

T  =  5SD 

Carnegie  Steel  Co.,  "Pocket  Companion,"  19th  edition,  1917,  for  loads  of 
40  lb.  or  more  per  square  foot  of  ground  area: 


P 
W  =        X 
40       5 


:(^  *  9 


Fowler,  "  Specifications  for  Steel  Roofs  and  Buildings,"  5th  edition,  l9QQr 
for  Fink  trusses  up  to  200-ft.  span: 

W  =  0.06S  +  0.6  for  heavy  loads 
W  =  0.04S  4-  0.4  for  light  loads 

Johnson,  Bryan  and  Tumure,  "Modern  Framed  Structures,"  early 
editions:  W  =  5/25  +  4.0.  In  the  latest  edition,  1916,  the  Ricker,  1907, 
formula  is  used  for  trusses  resting  on  brick  walls,  and  the  Ketchum  formula 
for  trusses  of  steel-frame  buildings. 

Jones  &  Laughlin,  "Standard  Steel  Construction,"  1916: 


P 

TF  =  -- 
40 


(S       12\ 


Ketchum,  "Specifications  for  Steel-Frame  Buildings,"  3rd  edition,  1916 

for  trusses  up  to  150-ft.  span: 

S 


45  \     "^  5\/b/ 


Maurer.  "  C'yclopedia  of  Civil  Kngineerhig,"  1908: 

W  =  S/25  +  1 
Merrlman,  "Roofs  and  Bridges,"  1888,  1911: 


4       V  10/ 


lUckoT,  "A  Study  of  Roof  Trusses,"  University  of  Illinois  Bulletin,  Na  16, 

August,  1907: 


W  "  —  + 

25       6000 
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as  the  load,  which  actual  weights  show  to  be  an  error.  I>uBol8,  In  "TIh 
Strains  in  Framed  Structures,"  gives  a  formula  taking  into  aocount  the  kid, 
span,  slope  and  unit  stresses,  but  it  is  too  cumbersome  for  use.  Moreover,  tt 
supposes  the  chords  to  be  of  constant  section,  and  neglects  the  web  memboi. 
assuming  that  these  two  errors  compensate. 

Tablx  XXII. — WxioHTs  OF  Roof  Tbussxs — 16-rooT  Bats;  Load,  56  Imb.  Pb 

Squabe  Foot  of  Horizontal  Absa 

W  "  Weight  per  square  foot  of  area;  T  i-  Weicht  of  truas 

40-ft.  span        60-ft.  span         80-ft.  naa 
Formula  W  T  W  T  W  T 

Cambria 5.00  3,200  5.00  4.800  6.00  6,400 

Carnegie 3.16  2,024  4.27  4,100  6.31  6.701 

Fowler 3.00  1,020  4.20  4,032  6.40  6.013 

Johnson.  B.  &  T 5.60  3,584  6.40  6,144  7.20  9.210 

Jones  &  Laughlin 3.85  2,464  5.25  5,04O  6.66  8.512 

Ketchum 3.73  2,393  4.97  4,784  6.21  7,956 

Maurer 2.60  1,664  3.40  3,264  4.20  6,870 

Merriman 3.75  2,400  5.25  6.040  6.76  8.610 

Ricker.  1907 1.87  1,197  3.00  2,880  4.27  5,465 

Ricker,  1912 1.73  1,107  2.68  2,573  8.71  4,740 

Thayer 3.26  2,082  4.44  4.269  6.62  7.101 

Trautwine 2.60  1.664  3.90  3,744  6.20  6.650 

In  fact,  as  stated  by  Marburg,  in  "  Framed  S^uctures  and  Qirden,"  tbs 
variables  are  so  numerous  that  no  formula,  for  ibid  weights  of  roof  truav 
which  is  at  once  simple,  accurate  and  generally  applicable,  can  be  devised. 
Such  a  formula  is  not  necessary.  In  calculating  stresses  the  weight  of  the 
truss  is  usually  so  small  compared  with  the  weight  of  the  covering,  the  snow 
and  the  wind,  that  an  error  in  its  assumption  is  negligible. 

Ordinary  steel  roof  trusses  on  brick  walls  with  roof  tHape  of  6  in.  to  1  ft. 
and  an  assumed  load  of  800  lbs.  per  linear  foot  of  top  chord,  uniformly  distrib- 
uted, weigh  from  30  to  75  lbs.  i>er  linear  foot  of  span  for  spans  up  to  85  ft. 
For  less  slopes  the  weight  may  be  from  5  to  25%  more.  FOr  different  loadings 
the  variation  in  weight  is  usually  from  25  to  75%  of  the  variation  in  loading. 
It  should  be  noted  that  the  personal  equation  of  the  designer  and  the  many 
factors  entering  into  the  weights  of  roof  trusses  may  cause  a  variation  of  5 
to  25%  in  the  same  truss. 

Formula  and  Table  of  Weights  Steel  Roof  Trusses. — Marshall  L.  Murray 
gives  the  following  data  in  Engineering  and  Contracting.  June  26>  1010. 

In  the  preparation  of  designs  for  steel-roof  trusses  fOr  preliminary  eottmatai 
for  factory  buildings,  after  several  designs  had  been  prepared  and  lists  of 
material  and  estimates  of  cost  had  been  made,  the  data  on  hand  were  used  In 
several  formulas  for  giving  the  weights  of  steel-roof  trusses,  in  order  to  find 
one  which  would  give  results  closely  agreeing  with  the  figured  weli^ts.  If 
such  a  formula  could  be  found  it  was  intended  to  use  it  for  purposes  of  pre- 
liminary estimates  instead  of  taking  time  to  prepare  a  desi^i.  But  no  one 
formula  gave  results  which  were  considered  satisfactory.  It  was  obmved 
that  the  Ricker  formula 

(S  S«    \ 

—  +  --—ISA, 
25       6,000/ 
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.'rim- 
Finished  floors. 
Wainscoting. 
Inside  and  outside  stairs. 

Doors Carpenters    690  hra. 

Sash Laborers  85  hn.      25,000 

Partitions. 
Tables. 
Counters. 
Screening. 

Outside  sheathing Carpenters    450  hn. 

Laborer*  40  hn.    -    5. MO 

Wall  board Carpenters    830  hn. 

Laboren  40  hn. 

Roofing  felt Carpenters      70  hn. 

Labcwen  20  hrs. 

Undersheathing  and  ladders Carpenters      60  hn.        2,000 

Laborers  15  hn. 

Total 74.000 

Total  carpenter  hours  on  lumber  erection,  1,825.  * 

Total  labor  hours  on  lumber  erection,  322. 

Lumber  erected  per  carpenter  per  day,  407  ft.  B.  M. 

Carpenters  received  62>^  cts.  per  hour  and  laborers  30  eta.  per  hour. 

Cost  of  Constroctinf  a  Camp  to  Accomiaodate  Forty  Lftborers. — ^In  Engl- 
neering  and  Contracting.  July  2,  1013,  Clark  A.  Bryan  gives  the  folkmfBC. 
The  camp  was  built  during  the  summer  of  1012,  to  aocommodmte  labonn 
employed  on  the  construction  of  sewerage  system  and  dlspoeal  plant  at 
Ridgely,  Md.,  and  consisted  of  store  and  dining  room,  bunk  home,  oookrisd. 
toilet  and  well.    The  following  matter  is  taken  from  Mr.  Bryan's  article. 

Store  and  Dining  Room. — The  building  itself  is  36  X  16  ft.  in  plan  Sad  ta 
built  with  a  gabled  roof.  The  height  from  the  top  of  the  floor  to  the  top  of 
the  plates  is  7  ft.  3  ins.  and  the  height  of  the  gable  is  4  ft.  0  ins.,  making  the 
total  height  of  the  ridge  11  ft.  0  ins.  above  the  floor.  This  huilding  Is  divided 
into  two  rooms  sized  11  ft.  6  ins.  and  24  ft.  6  ins.  respectively,  the  former  being 
used  as  a  store  and  the  latter  for  a  dining  room.  The  sUIs  were  made  of  4  X 
6  in.  lumber.  The  four  comer  posts  were  made  of  8  X  4  in.  material  and  the 
intermediate  posts,  of  which  there  were  two  on  eadi  of  the  laag  sides,  tven 
spaced  11  ft.  6  ins.  from  each  end  of  the  building  and  were  made  of  the  same 
sized  material.  These  upright  3  X  4  in.  posts  were  all  mortised  Into  the  plate. 
which  was  made  of  4  X  4  in.  material.  To  further  brace  the  building  a  picee 
of  2  X  4  in.  was  run  completely  around  the  building  between  the  uprl^ts  at 
a  height  of  3  ft.  above  the  floor.  The  building  was  braced  in  tbe  direction  of 
its  short  dimension  by  running  a  piece  of  2  X  4  in.  material  from  the  top  of 
one  of  the  intermediate  posts  to  the  top  of  the  opposite  post,  these  braces 
being  hH  flush  with  the  top  of  the  plate.  The  rafters  were  nailed  to  the  plate 
and  were  made  of  2  X  4  in.  material.  There  were  10  raftera  on  eadi  side  of 
the  ridge  and  they  were  10  ft.  long,  thereby  overhanging  the  aides  of  the 
building  by  about  8  ins.  To  finish  off  the  exposed  ends  of  the  rafters  a  pleoe 
of  1  X  5  in.  material  was  nailed  over  their  ends  as  a  sort  of  trim.  The  purlins 
were  laid  at  right  angles  to  the  rafters  and  nailed  to  them.  They  were  spaced 
1  ft.  6  in.  on  centers  and  a  1  X  3  in.  lathing  was  used  for  this  purpose;  st  tlw 
rid^c  four  of  these  laths  were  used.  For  a  roof  comigated  Iran  ^ii^itti^  lU 
IbM.  i)er  square  was  used  and  this  was  nailed  directly  to  the  purlins.  By  tUi 
method  of  construction  a  roof  was  built  whidi  provided  plenty  of  iroitnatloiii 
inasmuch  as  it  was  not  tightly  sheathed  at  the  sides  of  the  birildliiif,  and  yst 
rain  could  not  enter  the  building  through  this  space.    Hie  Jolsta  wen  16  ft 
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which  coDBisted  of  2  X  4  in.  material,  was  spiked  to  the  tops  of  tlieae  ii|irlcfata> 
The  rafters  rested  on  the  plate  and  were  spiked  to  it  and  were  of  3  X  4^ 
material.    They  were  16  ft.  long  and  were  spaced  2  ft.  on  centers,  and  ovw- 
hung  the  sides  of  the  building  about  8  ins.    As  in  the  other  building  1  X  8-in. 
lathing  was  used  for  purlins  and  spaced  1  ft.  6  ins.  on  centers.     The  loat  vai 
of  corrugated  iron  weighing  115  lbs.  per  square  and  was  nailed  directly  to  the 
lathing.  '  To  finish  off  the  ends  of  the  rafters  they  were  covered  on  the  flant 
and  rear  of  the  building  by  5-in.  dressed  boards.    By  this  method  of  cunstnip- 
tion  a  fresh  air  inlet  4  ins.  high  was  provided  along  both  front  and  rear  cf  the 
building,  yet  rain  could  not  enter  through  this  space.     This  building  wis 
braced  in  a  manner  similar  to  that  employed  in  the  ccHistruction  of  the  build- 
ing previously  described  with  the  exception  that  the  2  X  4-in.  braoee  nnmfiv 
from  the  top  of  the  plates  were  run  level  from  the  top  of  the  rear  plate  and 
were  spiked  at  the  front  to  a  piece  of  2  X  4-in.  material.     The  Joists,  floon 
and  sides  of  this  building  were  constructed  as  in  the  other  and  need  no  further 
comment.    As  stated,  this  building  was  divided  into  five  compartments,  eaA 
of  which  was  10  ft.  wide,  the  compartments  being  separated  by  i^artittflw 
of  bam  boards  and  each  partition  6  ft.  high.    Each  compartment  was  pro- 
vided with  a  door  placed  at  the  front  of  the  building,  also  with  two  windowi, 
one  in  front  and  over  the  door,  and  the  other  at  the  rear.    In  this  way  com- 
plete ventilation  of  the  building  was  obtained.     Against  eadi  side  of  esdi 
compartment  two  tiers  of  bunks  were  built.    The  bunks  were  8  ft.  wide  and 
extended  the  14-ft.  dimension  of  the  building.    The  bottom  tier  of  tnada 

Table  XXV. — Bill  of  Material  and  Cost  of  CoNSTBDcmra  Bukx  Honsi 

FOB  Workman's  Camp 
Items  and  sis  Rate  Cost 

128  lin.  ft.  sUls,  4  X  6  ins $0.05  t    6.40 

93  lin.  ft.  posts.  3  X  4  ins 0.027A  S.56 

65  lin.  ft.  frames  for  doors,  etc.   3X4  ins 0.0276  1.7S 

132  lin.  ft.  plates,  2  X  4  ins 0.015  l.M 

128  lin.  ft.  braces,  2  X  4  ins 0.015  l.M 

224  lin.  ft.  braces,  at  plate  2X4  ins 0.015  S.aS 

416  lin.  ft.  rafters,  3  X  4  ins 0.0275  11.44 

650  lin.  ft.  purlins.  1  X  3  ins ; .  0.005  t.S5 

405  lin.  ft.  joists  (27  pieces  16-ft.),  2  X  8  ins 0.028  11. S4 

75  lin.  ft.  braces  foot  of  posts  3X4  ins 0.0270  2.07 

800  sq.  ft.  flooring.  1-in 0.025  20.00 

1 ,000  sq.  ft.  barn  boards  in  sides,  1  X  10  ins 0.025  25.00 

336  sq.  ft.  barn  boards  in  partitions,  1  X  10  ins 0.025  8.40 

500  sq.  ft.  barn  boards  in  bunks  proper,  1  X  10  ins. . . .  0.025  12.50 

60  lin.  ft.  2  X  4-in.  supports  for  bunks 0.015  0.90 

50  lin.  ft.  braces,  2X4  ins.,  for  bunks 0.015  0.75 

132  lin.  ft.  trim.  1X5  ins 0.085  4.02 

10window8(8ix8.  X  10-in.  lights),  2  ft.  6in.by2ft 1.25  12.80 

5  doors.  (2  ft.  9  ins.  by  6  ft.) 0.54  2.70 

800  sq.  ft.  corrugated  iron  roof 0.048  88.80 

108  lbs.  wire  nails 0.085  4.46 

7  lbs.  galvanized  nails 0.06  0.42 

6  prs.  hinges  (8-in.  strap) 0. 16  1.08 

6  prs.  hooks  and  staples 0.05  0.80 

6  prs.  hasps  and  staples •  0. 10  0.00 

Total  cost  of  materials ^  . .  8177*M 

Labor: 

24  hours  foreman  carpenter 80.275     ■  8    6.60 

95  hours  carpenter 0.22  ■  20.00 

34  hours  carpenter  helper 0. 17  5.90 

Total  cost  of  labor 8  88.45 

Total  cost  of  building ., ,     810.78 
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All  steel  erection  was  done  with  four  traveling  stiff-leg  derricks  at  90  tool 
hoisting  capacity,  carrying  booms  100  ft.  long.  Theae  were  at  steel  oonitrae- 
tion  and  the  booms  were  long  enough  to  place  the  roof  trusses  sod  mooitflr 
roof  framing.  The  book  tile  for  the  roof  of  the  erecting  shop  were  iiM«ii«H  ]/f 
a  platform  elevator  in  the  timber  tower  at  the  middle  of  the  buikUng.  The 
steel  gang  numbered  about  85  men.  Work  was  oommenoed  on  Jan.  U  UMi 
completed  Mar.  8,  1013.  The  tonnage  and  time  of  erectUm  of  ths  isnnl 
steel  buildings  were  as  follows: 

Building  ^  Tons  Time  of  eraetfob 

Erecting  shop T 1200  20  dajw 

Boiler  shop 225  10  days 

Smith  shop 260  8  dsgri 

Hammer  shop 258  6  dajv 

Tank  shop 800  7  dagra 

Coal-pulverising  plant 20  10  dajrs 

Rivetmg  tower 12  7  d^ra 

Cost  of  Erecting  a  Large  Steel  Dome. — In  Engineering  News,  Mar.  8, 1017. 
M.  Van  Meter  gives  the  following: 

The  92-ft.  dome  of  the  Wealthy  St.  Baptist  Church,  Grand  Rapids.  MIdL. 
has  a  steel  frame  formed  by  eight  main  arch  members  85  ft.  in  span,  with  It- 
ft.  rise,  framing  into  an  octagonal  crown  diaphragm,  22  ft.  wUle  acrosi  ths 
points.  The  arches  are  tied  together  at  the  heel  by  f6ur  trusses  and  four  mIi 
of  angle  ties.  This  is  because  that  portion  of  the  building  under  the  donn  li 
square,  and  a  part  of  the  roof  load  is  carried -by  the  ties  in  altemate  bayi. 

The  arches  are  2  ft.  deep  at  the  top  and  5  ft.  at  the  outer  extremity.  Three 
lines  of  beams  parallel  to  the  base  ties  carry  the  wooden  ceiling  and  raof 
joists.  The  lateral  bracing  consists  of  a  system,  of  rods  together  with  a  Una 
of  struts  in  the  center  of  each  bay  at  right  angles  to  the  roof  beuns.  A  steal 
monitor  frame  8  ft.  high  surmoimts  the  structure. 

The  erection  procedure  was  as  foUowtf :  A  derrick  of  the  letluind  helglit  was 
raised,  and  the  eight  sides  of  the  diaphragm  were  riveted  up  wround  Its  base. 
With  two  sets  of  blocks,  the  ring  was  raised  to  the  final  etovAtUm,  46  ft.  above 
the  floor,  and  light  timber  falsework  placed  underneath.  The  sictaes  were 
raised  with  a  gin  pole,  bolted  in  place,  and  the  base  ties  erected.  Ths  roof 
beams,  struts  and  rods  were  then  placed,  rivets  driven  and  supports  remofrsd. 
The  entire  job  was  completed  without  a  mishap,  the  one  anxiety  being  oaond 
by  the  extraordinarily  high  winds  that  prevailed  after  the  diaphnsgm  was 
raised  and  before  the  timber  falsework  was  flnldied. 

The  shop  cost  of  this  contract  was  825  and  the  erection  oost  828  par  too. 
with  labor  at  50  cts.  per  hour  in  each  case. 

Cost  of  Erecting  Steelwork  for  an  Armory  Havhig  Three-Hlaced  Aicfcss.-' 
The  following  data,  taken  from  an  axtide  in  Knginsering  end  Gontraeltag. 
Aug.  6,  1913,  refer  to  the  armory  building  of  the  Univenitf'  of  nifaypff 

When  completed,  this  structure  will  have  »  dear  drilling  cpaoe  of  about  200 
ft.  by  390  ft.  In  1913  the  two  end  bays  were  not  built,  owing  to  a  lack  of 
appropriations.  The  width  of  the  portion  built  is  200  ft^  ontSF  toooBtwof 
end  pins,  the  length  is  338  ft.  center  to  center  of  end  iTrhsj.  uid  the  hright 
is  94  ft.  3  ins.  from  center  of  pin  at  the  crown  to  a  Une  oonneotipg  thocnd  ptas* 
The  present  structure  has  13  bays,  eadi  20  ft.  long.  Tl^.two  fntnri  bsyi 
are  each  26  ft.  6  ins.  long.  .,..  ;     .... 
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later  the  erection  of  the  steelwork  was  started.  One  riveting  KfBg  atarted  a 
Feb.  17  and  another  on  Feb.  24.  They  finished  riveting  tbe  llxst  paod  m 
March  1.    The  men  started  to  take  down  the  traveler  on  Mmrcfa  22. 

The  superintendent  and  the  two  foremen  of  the  riveting  gangs,  eadneeeivtd 
HOH  cts.  per  hour,  the  two  engineers  for  the  hoisting  engines  and  the  ei^lDNr 
for  the  air  compressor  received  72 H  cts.  per  hour,  the  men  ■jih-vii^  oo  the 
Hteel  erection  68  cts.  per  hour,  several  laborers  25  cts.  per  hour,  and  one  ber 
received  20  cts.  per  hour. 

Although  the  greatest  number  of  men  at  work  at  any  time  was  44,  about  7J 
different  ones  were  employed  by  the  contractor  before  the  work  was  campkM. 

The  following  is  a  summary  of  costs  and  weights: 


Total  coet  of  erecting  traveler  (labor) %    

Total  coet  of  erecting  steelwork  (labor) 4,S79.M 

Total  cost  of  taking;  down  traveler  (labor) 491.1S 

Total  cost  of  field  nveting  (labor) 8,949.8 

Total  coBt  for  erecting  and  field  riveting 0,406.B 

Total  weight  of  steel  in  struoture  (tons) 965 

There  were  15,  400  ^-in.  and  14,  900  ^-in.  field  rivets  driven,   a 

total  of aO.lOO 

Cost  of  erecting  steel  (per  ton) t        9.58 

Coet  of  driving  field  rivets  (cents  each) IS.  1 

Prices  of  Water  for  Building  Purposes. — Engineering  and  Contraetiag, 
April  11,1917.  gives  the  following  data.  The  following  sdiedule  of  rates  is  Is 
force  at  Johnstown,  N.  Y.,  for  water  used  for  construction  purposes: 

Plastering  per  100  yd 2A  eta. 

Briolc   per  1, 000 4  cts. 

Stone  per  cu.  yd 2  cts. 

The  supply  must  be  specially  applied  for,  and  jtennission  obtained  tnm  CtU 
Clerk  for  each  separate  building,  job  or  piece  of  work,  and  paid  for  at  the  time 

application  is  made  for  the  permit. 
The  rates  at  Detroit,  Mich.,  are: 

Brick  per  1,  000 -. 90.05 

Plaster  per  100  sq.  yd 07 

Concrete  per  100  cu.  yd 1 .00 

Concrete  6  in.  thick  or  leas  per  100  sq.  yd —        .20 

Tile  per  100  cu.  ft 05 

Kach  perch  stone 01 

Cost  of  Manufacturing  Concrete  Roof  Tile. — ^D.  Helmuth  (Concrele,  Oct.. 

1919)  gives  the  following: 

The  size  of  the  tile  is  9-in.  by  14  H  hi.  By  concentrating  efforts  on  tabor 
Having  devices  the  output  of  the  machines  was  increased  from  250  tiles  ssdi 
man  per  day  to  600. 

To  quote  Mr.  Helmuth: 

We  make  our  tile  on  the  well-known. hand-operated  type  of  iw«j»iitn>  We 
figure  a  profit  of  8%  on  our  entire  investment,  and  from  June  and  July,  1919. 
figures,  it  works  out  as  follows: 

Cement,  per  bbl.,  $2.32,  at  the  mixer. 

Washed  sand,  either  river  or  bank— that  is.  prsctlcaUy  fkee  ftav 
$1.33  per  ton,  at  the  mixer. 
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Delivbbt  and  Salss 

Loading  blocks $0. 008 

Freight  and  cartage  out 035 

F^xtra  cartage 
Delivery  breakage 
Comiiiirtsion 

Adjust  inentH  \ 001 

Service 

P^stiinates 

Advertising 

Net  discounts  on  sales  2  %  =  S7  per  day 007 

Total  per  block tO.051 

Executive  Overhead 

General  manager  (owner)   $5000  year  =  S16.66  per  day SO. 01666 

Oflfico  expense,  $1  per  day 001 

Taxes 0005 

Insurance,  building  equipments  and  materials 0005 

Interest  on  loans,  $5000  at  6  % 001 

Loss  on  bad  accounts ,  $300  per  year 001 

Rent  on  land,  $100  month 004 

Total  per  block $0.02466 

Schedule  "A" 

Equipment  to  Make  300,000  Blocks  pbb  Year 

Block  machines  and  attachments ' $  3,200.00 

40  Block  cars 1,600.00 

Tracks,  ties  and  transfers 500.00 

Pallets 1,000.00 

2  Mixers 500.00 

Gravity  conveyor 100.00 

Boiler 400.00 

Piping  and  heating 200.00 

Motor,  10  horsepower 250.00 

Wiring : 200.00 

Millwright  installation  material 480.00 

Office  equipment 185.00 

Tool  and  factory  supplies .  400.00 

Bag  bundling  machine '.  ,  35.00 

Drawings 350.00 

General  expense 600.00 

Total $10,000.00 

From  this  analysis  it  may  be  assumed  that  good  block  will  cost  29  cts.  to 
manufacture  and  if  sold  at  35  cts.  each  will  yield  a  profit  of  17%  on  the  grow 
sales.  As  the  quantities  of  materials  are  stated  and  other  units  of  labor  given 
any  one  can  substitute  local  prices  for  those  griven,  change  the  total  accordingly 
and  arrive  at  what  should  be  the  cost  prices  in  any  district.  Needless  to  say, 
a  fair  profit  should  be  added  to  total  manufacturing  and  selling  costs. 

Costs  of  Upkeep  and  Repairs  on  a  Large  Building. — Walter  R.  Metz  in 
Engineering  Xews-Record,  Aug.  5,  1920,  gives  the  following: 

The  costs  as  given  cover  a  group  of  ten  buildings  all  connected  together  but 
not  iill  under  one  roof.  The  main  building  is  seven  stories  high  and  the  other 
buildings  are  from  four  to  six  stories  high.  All  of  the  buildings  were  designed 
for  heavy  loads  and  heavy  machinery  and  are  used  for  a  printing  plant.  The 
floors  in  the  main  building  were  designed  for  loads  of  300  lb.  per  sq.  ft.  and  in 
the  oth(;r  buildings  200  lb.  per  sq.  ft. 

Costs  have  been  given  for  each  year  from  1912  to  1919  indusiye  and  indi- 
cates the  gradually  increased  cost  of  both  labor  and  materials.' 
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and  it  is  beUeved  it  irould  hJiTe  IsEted  bener  if  it  hmd  been  appfied  tbinner.s 
about  H  io-  thick.  Tbe  plaster  on  practicaUj  enfrir  beac:  estSao-  fefl  or  h 
to  be  removed  after  mbout  eight  or  tec  yean'  ise.  bat  that  od  t!»  oeQiDBf 
stiU  in  good  shape  although  about  IS  rean  <rid.  Tbe  total  area  of  ptetas 
rarfaos  is  approzlmately  340.000  iq.  ft. 


V«r 

J^^>or 

Mfttcnal 

Total            CoK   per  «| 

l»ld 

S  993  «3 

t  21  83 

tl.015  46 

•0.2S 

1918 

62.61 

62. «1 

.017 

1917 

9.026.42 

956  49 

9.9&3.01 

2.77 

1916 

2.659.62 

409  81 

3.069.43 

.85 

191.!> 

681. 68 

51.66 

733.34 

.20 

1914 

466.66 

3  59 

470.25 

.13 

1913 

8.58.77 

38.44 

897.21 

.21 

1912 

578.42 

96.47 

674.89 

.18 

D<Kn-: — There  are  223  doors  of  all  sizes  and  types  in  tbe  biiildii«B.  simi 
acting  hinged  o£Qoe  doors,  double-acting,  plain  sliding,  and  automatic  Alii 
ftre  doors.  These  doors  receive  very  hard  usage  and  need  constant  attentio 
Practically  all  of  the  double-acting  doors  have  wire  ^ass  in  tbe  upper  paod 


Vear 

Labor 

Material 

Total 

Cost  per  door 

1910 

$564.58 

$109.18 

$    673.76 

S3. 02 

1918 

883.44 

182.91 

1.066.35 

4.78 

1917 

598.88 

185.03 

783.91 

3.51 

1916 

910.38 

224.22 

1.134.60 

5  08 

1915 

691.04 

148.46 

839.50 

3.76 

1914 

855.72 

143.85 

1.099.57 

4.93 

1913 

440.42 

130.28 

570.70 

2  56 

1912 

435.80 

142.81 

578.01 

2  59 

Labor 

Material 

Total 

Coat  per  winds 

$593.67 

$220.26 

$    718.98 

$0.31 

794.70 

294.87 

1.080.67 

.47 

486.97 

161.72 

648.60 

.28 

729.51 

191.99 

921.50 

.40 

421.47 
758.72 

76.46 

497.98 

.21 

168.70 

927.42 

.40 

474.50 

108.95 

583.45 

.25 

564.12 

174.40 

738.52 

.32 

Windovc*. — There  are  2,290  windows  in  the  buildinga,  most  of  tbem  of  tl 
double-hung  sliding  type  with  a  few  of  the  hinged  type.  Glass  sizes  vary  fto 
12  X  18  in.  to  36  X  50  in. 

Year 

1919 
1918 
1917 
1916 
1915 
1914 
1913 
1012 

Plumbing. — Fixtures  in  the  building  consist  of  240  water  closets,  388  was! 
baHins,  00  urinabi,  21  slop  sinks,  120  drinking  fountains,  80  fire  hose  and  radt 
The  repairs  includes,  of  course,  repairs  to  the  necessary  piping  as  well  as  i 
repairs  to  fixtures.  It  is  difficult  to  find  any  unit  basis  ao  total  amounts  on) 
are  given. 

Year  Labor  Material  Total 

1019  $5,304.63  $406.08  $5,810.71 

1018  5.300.31  352.87  5.662.18 

1017  4,530.09  556.05  5.086.14 

1910  3,201.66  464.06  3,756.56 

1015  2.074.8^  237.93  8,212.80 

1014  2,041.40  288.95  8.180.85 

1013  2.738.26  395.36  3,133.52 

1012  2,250.82  160.86  3.411.18 
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References. — Further  data  on  cost  of  suiie^iup  are  gJT^m  fln  GSeUel 
"Handbook  of  Cost  Data."  Chapter  I  of  "Medsaiiical  and  BecCiicil  Od 
Data  "  by  Gillette  and  Dana  contains  numr  data  on  oreiliead  and  •■^im»ih| 
costs. 

Schedule  of  Charges  for  Encineerinc  Scriicca. — Rnglnpqim  and  Cantnet- 
in^,  March  13.  1918.  gives  the  following  ahstiact  of  a  paper  hy  iMmnMi  T. 
Perkins  presented  at  the  1918  annual  meeting  of  Tnfai^yjf  Sodetf  of 
Engineers. 

The  various  services  rendered  are  classified  as  foDoira,  and  aie  if«^"^ 
charged  for  on  a  percentage  basis,  except  suve>luK  vlilcli  dMMdd  In 
ItHT  diem. 

1 — Reconnaissance. 

2 — Preliminary  reports. 

3 — .Surveying.  I 

4 — Plans  and  specifications.  ' 

5 — Detaiis. 

6 — .Supervision  and  progress  estimates. 

7 — .Superintendence. 

8 — .^Iterations. 

9 — Professional  advice.  ' 

10 — Consultation. 
11 — Court  work  or  arbitration. 

Reconnaissance  work  is  necessary  when  no  data,  or  liiOQmplele  data,  han 
l)een  secured,  and  is  preliminary  to  general  planning  of  project  and  nemtoff  of 
data. 

I'reliminary  reports  are  made  when  the  neceesaiy  data  on  ^dddi  tlw  nport 
is  ba.Hed  have  been  secured  of  such  detail  and  aocuTacy  as  to  pennlt  of  prapv 
advicf;  l>eing  given  or  design  made. 

Surveying  covers  every  class  of  field  wotk  whidh  is  not  a  part  of  nfwniiili 
sance  work.  It  includes  all  location  lines  for  roads,  canals,  imilroads,  etc..  all 
level  line.s,  all  sinking  of  wells  or  experiment  woik,  besides  all  classes  of  land 
Hurveying  and  land  subdivision,  and  compensatioii  thewfine  should  be  on  ■ 
Halary  or  per  diem  basis  with  expenses  paid. 

Plans  and  specifications  are  required  as  the  basis  for  lettlnip  of  contndi  or 
for  the  information  of  the  owner,  emplo3rer  or  consulting  engtaiBer.  and  sffard 
a  full  description  of  the  work.  They  are  implied  by  the  ncccssltlea  of  ttas  work 
even  when  not  required  by  the  owner,  and  include  sn  estimate  of  tin  eoit  d 
t  he  work.  Plans,  when  adopted  and  approved,  must  be  so  endonsd  bgr  both 
owner  anrl  engineer. 
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tAllentiona .......y...     7!o      A.i 

Evcrythiu  from  beKtnninc  to 

mmplelion  of  job 13. S     10.75    ■.»    T.t     7 

*  SupervuioQ  not  chuwl  for  wb«n  nprnBtcDdenee  b. 
t  Alteration  reUtn  Doly  to  value  at  work  inmlTad  in  Uh 


Charert  an  Otlitr  Bun. — A  Bled  fM  fOT  K 
bf  igreement  wbere  a  long  engaceoKnt  fat  prnftMlonil 
pUted :  the  f  nglncer  tna?  iccept  nicb  n 
Hatlon  not  less  than  that  of  the  pi 
Eicejit  In  cases  where  the  compcnaatlon  tJ  tbe  a 
■nnuol  retainer,  the  agreement  betiraell  ths  BnflmBr  UK 
specifr  (he  period  of  time  during  whjdi  tbe  oaoqiaMtlan 
(tetermlncd  hy  per  diem  cbarfiea,  flied  fee,  or  acnsd  pCRM 
If.  through  no  fault  of  the  engineer,  the  worlt  riuwld  not  b 
the  time  xo  apeclfled,  an  additional  i^lai^  tnty  be  QBde,  1 
it  praclimble,  should  be  agreed  upon  In  Mlvasoe. 

Hahoiilni   VaUer   Encinean'  Schednl*  of  ¥«■■.— Ite 

leifl  report  of  Ibe  Committee  of  Standard  Fen  at  tba 
Society  la  abatraeted  In  Engineering  and  Contnctlni,  JUL  I 

Pet  Diem  Rale. — Consultation,  opinion,  ti 
gation.  reports,  and  cansulllng  capacity  upon  d< 
(While  abseot  from  cil;,  attending  Ft 
day  of  24  hours,  or  fraction  ll 
of  the  actual  time  spent  on  the  case.    Otherwln  « 
one  day.)     For  examlnslion  or  reports  of  an  extend 
days,  minimum,  tl.'i  per  day.     Engineer  In  dmiii 
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TYa  coft  Off  tLft  ez^iaeertz?  ^lA  fagpectacKi  Si  ssned  ai  a  pscnc^a^e  of  flc 
coxitrMrt  jiricft. 

In  E:iir"'''^>^-^  u^'i  CoEt7Bct2p.  ATap.  30,  1923.  ft 
Potter  toTz-TLHTiMiiti  on  F:f .  1  aad  a  reii£r  bj  MoRoc  MacftTEaqr.  C&r ! 
EWHrr  of  .Spok&n^.  Wteh.  ue  grsiaL    The  fo^ovior  ^  akEs  gnaa.  M^  3facKt- 

R^]iitiv«;  to  tlK  diauprazn  giving  ecgineeriDg  coitt  <m 
in  ^,prtV.ik.nii:  during  1912. 1  beg  to  state  that.  '«l3>  I 
Potter,  tljat  no  engin««:r  in  prrrate  prartioe  can  iffonl  to  4lo 
and  supervision  for  much  l«s=  than  frczx:  5  to  7  per  ccm.  ymi.  'mm  noliK  dal 
'in  fig.  1/  we  have  segregated  our  in«pecticMi  from  our  coKiziccnnK-  >Blh 
order  to  get  w^iat  the  ordinary  engineer  has  to  do  in  ooniiectiaii  viih  a  K«er 
project,  he  muAt  add  these  two  together.  In  this  case  h  vooki  brnv  tfaecnt 
t^  our  enginf^ring  and  super^'ision  up  to  about  froDi  3^  per  oeot  to  Sort 
|jer  cent;  or  assuming  the  limits  he  refers  to.  namelj  $15,000  and  over,  the 
engineering  and  super\'ision  would  cost  not  to  exceed  5.6  per  eent  to  33  pa 
rt-.nx.  These  cur\'es  are  platted  from  actual  cons  co%eili|g  a  period  of  one 
year  and  tally  very  closely  with  a  similar  curve  for  the  year  101 1.  Ko  private 
engineer  should  be  able  to  do  the  engineering  and  superriae  the  eoualiuctioB 
of  a  sewer  for  as  low  an  amount  as  a  municipal  department  doiiv  thii  cImi 
r/f  work,  due  to  the  fact  that  all  run  off  data  and  other  items  "-—wy  oostim 
the  engineer  considerable  to  gather,  are  matters  of  record  resultta^  fhn  ta 
a^xmrnulation  that  comes  to  an  ofltoe  doing  that  dasi  of  worlc,  unallj  withool 
a  very  great  ex{ien.se. 

The  aggregate  work  for  the  year  amounted  to  3508MO  and  I'lmn'ff^  of 
almfMt  all  classes  of  sewer  construction  work,  Yaiying  from  an  8-liidi,  vitiiflBd 
pifK:  to  a  large  reinforced  concrete  sewer,  totaling  slightly  orrer  13H  milei. 

The  engineering  costs  include  the  cost  g<  actual  time  spent  by  Held  oona. 
tnsr>ectorH,  and  designing  engineers,  with  a  10  per  cent  overhead  ^t— ■»  oo 
the  part  of  the  general  office. 

Cost  of  Engineering  in  Small  Towns  in  MississippL — ^ThefcdtowlQglshaai 
a  tabulation  given  by  C.  L.  Wood  in  Engineering  and  Contractinf,  Miy  It 
1012. 
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Fiiijineer 
incCost,% 
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Eqaivafast 
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PeraentiWB 

$  8,000 

6.6 

•13S.00 

35,000 

4.0 

iM.ez 

8,000 

16,000 

6,200 

7.0 
8.6 
7.8 

160.  C7 
130.00 

Type  of  work  Town 

Street  gradinR,  storm  drains 

and  brick  Kuttora Newton 

Macadam  and  storm  sewers 

and  sidewalks West  Point 

Htorm  sowers,  concrete  curb 

and  Rutter Columbus 

Concrete  sidewalk Booneville 

Mucadum  paving West  Point 

Cost  of  Engineering  on  Sewage  Disposal  Plant. — ^Richard  Gould  in  ^itH 
the  coHtH  of  the  Dallas  Sewage  Disposal  Plant,  Engineering  Nem-Baeoid 
July  r>th.  1017,  states  that  the  total  cost  of  the  plant  was  8571,676  of  wUA 
$30,062  was  for  engineering,  or  about  6.48%. 

Cost  of  Engineering  Supervision  in  Road  Work^— Tingll leeilug  and  OaB>    \ 
tructing.  May  17,  1016,  gives  the  following  abstract  from  %  pap«  taftan  tkl 
Pan  American  Road  Congress  by  Lamar  Cobb. 


IB  and  BurveyB 
.  tbe  peicentae 
:  cost  of  nil  eag\ 
J  cost  at 

Tizona. — The  p«ro 
Ineerlns  and  Inspec 

Inspect  ion,  8.6  p«r 

The  coat  of  eneo 

J  overhead  eipenae 

cent,  nnd  tot  eugii 
J  coat.  The  cogt  i 
nectlon  with  rouls 
il  expendituTCB  ot  t 
Kaniat. — On  hrldge 
»tions,  etc.,  average 
specttoD  from  2  per  ( 
all  the  engineering  ai 
Ilk.  On  road  const 
sion  OD  macadun  u 


T  cent,  and  tor  Inspc 
the  total  coat  ot  the 

lU  be  as  high  as  10  oi 
Jlfaniland.— On  the 


St  of  the  work.  Th< 
e  cost  ot  all  englneei 
Bt  of  the  work. 
Min«iiota.—For  tht 
perviaion  amounted  I 
r.  Geo.  W.  Cooley,  si 

r  actual  close  supervi 


St  of  administrat 
JVew  Mexico.— O 
ipectton  amount 
e  expenditure  foi 
d  lor  Bdminlstrai 


1622  HANDBOOK  OF  CONSTRUCTION  COST 

cost  of  the  work.    The  cost  of  all  engineering  and  administration  on  road 
construction  would  be  about  12.62  per  cent  of  the  total  cost  of  the  work. 

New  York. — The  report  of  the  Commissioner  of  Highways  for  1914  shows 
about  11.2  per  cent  of  the  total  expenditures  to  be  for  engineering  and  inspec- 
tion and  about  3  per  cent  for  administration,  making  the  cost  of  all  engineering 
and  administration  about  14.2  per  cent  of  the  total  expenditures. 

North  Carolina. — The  information  available  covers  a  few  roads  only  and 
shows  that  about  4.06  per  cent  of  the  total  cost  of  the  work  was  expended  for 
engineering  and  inspection.  The  administration  chaiges  appear  to  be  in 
addition  to  the  above. 

Ohio. — Bulletin  No.  22  shows  that  about  6.71  per  cent  of  the  total  cost  of 
road  construction  was  expended  for  engineering.  The  cost  of  administration 
appears  to  be  in  addition  to  the  above. 

Oregon. — Ui)on  various  pieces  of  work  reported  for  year  ending  November 
30,  1914,  the  cost  of  engineering  varies  from  about  4  per  cent  to  about  9.4 
I)er  cent  of  the  total  cost  of  the  work.  The  cost  of  administration  is  not  shown 
.separately. 

Penuai/lvania. — The  report  for  the  year  1913-14  shows  the  expenditures  for 
engineering  and  inspection  on  completed  contracts  to  be  about  5.6  per  cent  of 
the  total  cost  and  for  administration  about  1.4  per  cent,  making  the  cost  of  all 
engineering  and  administration  about  7  per  cent  of  the  total  cost  of  the 
work. 

Rhode  Island. — On  paved  roads  the  expenditures  for  surveys,  plans,  speci- 
fications, etc.,  amount  to  about  2  per  cent  and  for  engineering  and  inspection 
about  2  p(;r  cent  of  tlie  total  cost  of  the  work.  The  percentage  for  adminis- 
tration amounts  to  about  5  per  cent,  making  the  cost  of  all  engineering  and 
administration  about  9  per  cent  of  the  cost  of  the  work. 

Viroinia. — The  exT)enditures  for  all  engineering  and  inspection  amounted  to 
about  5  i)er  cent  of  the  total  cost  of  construction  in  1914.  The  commissioner 
states,  however,  that  in  his  opinion  a  larger  i)ercentage  would  result  in  a  sub- 
stantial saving  to  the  state. 

WiaeonsijK — In  1014  all  overhead  charges,  including  engineering  and  admin- 
istration were  slightly  imder  5  per  cent  on  road  construction.  The  inspector 
on  the  work  is,  however,  charged  to  construction.  The  cost  of  preparing 
I)lans  etc.,  for  bridge  construction  was  about  2.8  per  cent  of  the  cost  of 
construction. 

Engineering  Cost  of  County  Road  and  Bridge  Work,  Iowa  (Engineering  and 
Contracting,  Sept.  4,  1918). — The  total  expenditure  for  road  and  bridge  work 
in  Iowa  in  1017,  according  to  County  Engineers'  reports,  was  $15,165,476, 
an  increase  of  SS2S,42()  over  the  amount  for  the  previous  year.  Of  the  total, 
$7.4C)(>,707  was  for  bridges,  $3,588,338  for  county  roads  and  $4,140,340  for 
township  roads.  The  total  expenditures  for  the  three  previous  years  were: 
lOlG.  .$14,337.0.^)0;  191.5,  .?  13,525.617;  1014,  $11,601,000.  The  percentage  of 
engineering  cost  for  the  four  years,  according  to  the  Service  Bulletin  of  the 
Iowa  Highway  Conmiission,  was  as  follows: 
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was  retained  for  that  purpose.    His  i^sumA  of  the  oominiflBloa's  statemoit 
of  expenses  shoe's  the  following  figures: 

ConBtruction  coet: 

Payments  on  contracts,  materials  and  day  labor  work S14 ,381.59. 11 

Eauipment  (1.15  per  cent  of  construction  cost): 

Expenditures  of  all  classes  of  equipment  and  furniture 164,SM.4i 

Expenses  (16.64  per  cent  of  construction  cost): 

Expenditures  for  enfi:ineering.  legal  accounting,  purchawing, 

laboratory,  services  and  expenses  incidental  tn«eto 2,372,757.41 

Total  expenditure  to  June  15.  1916 S16. 821. 708.18 

Total  amount  available  from  state  highway  fund 18.000,000.00 

Unexpended  balance  June   15,  1916 $  1, 178,296.01 

Since  June  15,  1916,  at  which  time  the  foregoing  figures  were  brouf^  upto 
date,  the  commission  has  obligated  itself  for  the  expenditure  of  mppnadmMkltj 
the  entire  balance  remaining  out  of  the  original  $18,000,000. 

A  general  8ur\'ey  of  175  contracts  under  whidi  the  oammiaBiaa  hu  M 
highway  construction  work  developed  the  following  avenee  pirioet,  wUeli 
include  the  cost  of  material: 

Excavation,  including  clearing  righ^-of-way.  shaping  and  fiw5^Hi!g  of 

roadbed,  watering  and  rolling,  per  cu.  3rd t0.41 

4-in.  concrete  pavement,  per  sq.  yd 7K 

IH-in-  asphalt  wearing  surface,  per  sq.  yd 45 

K-in.  oil  top,  per  sq.  yd ' OM 

A  total  of  2,350  miles  of  road  was  surveyed  at  a  cost  of  $744,067,  or  $817 per 
mile.  Of  this  total  only  1,490  miles  have  been  coDstructed,  as  beforeitaiad, 
so  that  the  cost  of  locating  ready  for  construction  about  860  mOes  of  hS^banj 
is  included  in  the  expenditures  nuide  to  date.  This  mileage  of  survey  on  irtrich 
construction  was  not  imdertaken  was  necessaiy  because  of  the  difflculty  ud 
delay  in  securing  certain  necessary  rights-of-way  which  forced  the  rnnimii^nii 
to  construct  disconnected  lengths  of  road. 

The  handling  and  delivery  of  all  materials  used  on  oonBtnickioii  wera  under- 
taken by  the  commission,  and  the  overhead  charge  of  10  to  20  per  cent  of  the 
net  cost  of  the  contract,  which  is  usually  allowed  for  this  item,  was  bone  by 
the  commission  and  is  included  in  the  conunission's  expenses.  A  sununary  of 
the  equipment  which  the  conmiission  purchased  to  carry  on  thiawoikiiii 

follows: 

Califobnia  Road-Building  EQUipmBirT 

Per  eent 

Equipment  Cost  aalvago  SalTsge 

Sand  plants $  27.260.19  100         $  S7, 350.19 

Construction  equipment 21.257.40  100  21,887.49 

Engineering  equipment 25,716.10  tO  18,888.05 

Furniture 21 .328.05  40  8,581.81 

Stable 17.070.90  100  17,070.99 

Auto 41.380.65  40  10,558.88 

Camp 6,429.82  20  1,885.87 

Laboratory 3,962.74  50  1.070.85 

$164,394.43  $106,701.88 

Therefore  the  17.79  per  cent  of  the  total  expenditure,  vfalch  is  ahomi  in  ths 
first  table  as  gross  overhead,  includes  in  reality  saleable  equipmem,  sumvi 
(the  advantage  of  which  has  not  yet  been  realind),  and  other  minor  IImdi. 
such  as  designs,  supervision,  etc.,  given  gratis  to  oountleo  nndortakdof  inii- 
pendent  road  work.    The  net  overhead  chargeable  to  the  oonatnietloii  WfA 


of  the  tota 

ball  what ) 
the  conatn 

paper  by  V 


1914  annu 

morafiilly 
Feb.  le.  If 
Accordjr 
the  Survey 
chaTi|:e  of  ] 

Bowte  coiM 
place  only 


1626  HANDBOOK  OF  CONSTRUCTION  COST 

Cost. — ^With  the  modem  invar  tapes  or  wires  the  cost  of  base-Una  mBunre* 
ments  by  a  sur\'ey  party  averages  only  about  $50  per  kilomet^.  Tlie  woik  ii 
of  a  high  degree  of  accuracy,  quite  comparable  with  that  obtained  b7  bv 
measurement.  This  means  that  in  any  geodetic  triangulation  net,  base  lim 
can  he  introduced  ^ith  much  greater  frequency,  so  that  in  order  to  bbcdr  • 
given  degree  of  accuracy'  it  is  not  necessary  to  introduce  so  mudi  refinemeal 
in  measuring  the  angles  of  the  triangles. 

The  invar  tapes  used  by  the  CkMut  Survey  have  proved  to  be  modi  ka 
susceptible  to  injury  in  the  course  of  use,  resulting  in  change  d  length,  thai 
vrvLS  at  first  anticipated.  Mr.  Bowie  gives  values  for  the  ccHistancy  at  kngtii 
of  four  invar  tapes  used  on  the  Coast  Survey,  showing  that  the  total  range  in 
value  during  four  years  for  the  four  tapes  varied  from  one  part  in  170,000  to 
one  part  in  410,000.  The  difference  in  length  between  the  values  resultiDC 
from  the  length  when  first  standardized  and  when  last  standardized  varied 
from  one  part  in  170.000  to  one  part  in  1,110.000.  Another  great  advantafe 
in  the  use  of  tapes  over  bars  is  that  they  can  be  handled  by  oomparattvdy 
unskilled  persons.  In  a  party  of  six  assigned  to  base-line  measurements,  only 
one  or  two  of  its  members  need  to  be  experts  in  base-line  work,  a  very  diffenat 
condition  from  that  prevailing  with  the  micrometer  bars  formerly  used. 

Cost  of  Surveys  for  Federal  Aid  Roads  Project  in  Kanaaa. — The  f<dlowiiV 
figures,  given  by  E.  L.  Hageman  in  Engineering  and  Contracting,  Sept.  8. 1019. 
relate  to  survey's  made  in  the  early  part  of  1918  for  a  Federal  Aid  road  project 
in  Labette  county,  Kansas.  The  work  covered  approximately  44  mOes  d 
highway,  divided  into  four  sections,  as  follows:  Section  A,  9.26  mikfl;  B, 
10.1  miles;  C,  10.83  miles;  D,  13.91  miles. 

The  transitman  received  $100  per  month  until  May  1st,  excepting  two  dayi 
due  to  a  change  of  transitmen.  From  June  12th  to  June  27th,  the  transitmsn 
received  $150  per  month.  The  helpers  received  S2  per  day  until  March  Ist. 
when  they  were  paid  $3  per  day.  The  time  was  derived  from  the  actual  num* 
ber  of  days  worked,  as  the  helpers  were  working  by  the  day  and  the  tranaitman 
worked  in  the  office  during  inclement  weather. 

A  cheap  cloth  tape  wliich  had  been  removed  from  its  caae  and  the  ftae  end 
allowed  to  dmg  on  the  ground  ^"aa  used  In  measuring,  it  being  impractical  to 
be  continually  rolling  and  unrolling  the  tape.  The  tape  waa  mudi  easier  to 
handle  in  this  way  and  being  inexpensive  the  time  saved  more  than  oflint  thB 
additional  co.<<t. 

Bench  levels  for  Section  A  were  started  on  Jan.  28  and  completed  on  Feb.  &. 
The  following  is  a  summary  of  the  work  fbr  the  four  eeetiana: 
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"A" 0.032  0.0060  1,113  824  2.11  1.86  2.31 

"B" 0.036  0.0050  1.582  618  2.86  2.84  2.00 

"C" 0.026  0.0059  1.196  852  2. 82  2.82  2.17 

•D" 0.047  0.0241  1.677  881  2.20  2.02  1.00 

-^•m-^—^  ^— ^^-^^—  ^^•^—  ^^^^^»«  ^^^_^  ^^^.i^M  ^^^_^ 

0.141  0.0419  5,518  1,620  0.20  8.68  8.06 

Average 0  036  0.0105  1 .880  880  2.82  2.16  2 
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All  iiiitoriiobUf  W(W4  uh4'(1  on  the  mirvey  for  five  months.  The  totel  mifei 
iriivclfMi  III  tlif  Hiirvf'y  whh  cHtliiiaUMl  ut  2,187.  This  number  was  arriTBd  at 
by  iMkiiiK  Mi(*  iliHtiiiKM'  to  the  r(>nt<'r  of  the  road  and  multiplsringf  it  by  twice 
tlii>  iiiiiiiImt  of  trips,  hoimo  dayH  thore  being  two  trips  out  and  baidc  wlien  the 
piirty  iMiTTiP  in  iit  noon. 

'I*hi>  till  ill  cxpniMi'  of  rtinninf;  the  car  for  the  five  months  wis  $188.80.  iHi 
Olio  fi^lith  th(*  iiinoiint  tlio  cur  was  used  for  other  purpoaea,  «  $188.80  — 
SIU71  -  fiHVuri.  I >opn>rliition  -  S385  (cost  price)  -  $200  (peUiiv  priee) 
-  %  I  sri  Vhv  iNir  hiul  bron  out  nine  months  when  the  survey  began,  wai 
on  \Uo  Murvf\v  livf>  inontliN  und  hnd  been  in* use  21  months  when  aoU. 
Ainunnt  of  tbo  total  dopnTiation  charRp<l  to  the  use  of  the  oar  during  ttae 
>«iirvp.v  wiiM  oii(>  tliird,  or  S01.A<1.  The  total  expense  of  car  «aa$lT8.61  fw 
■.*  IS7  mill's  or  *0.()Si>  |>or  milo. 
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The  cost  of  supplies  and  use  of  office  equipment  for  plans  was  as  follows: 

Inlc.  pencils,  erasers,  etc $  o.OO 

\'alue  of  office  fixtures,  drawing  instruments,  etc..  $300.30;  depreciation 

at  4  %   or 12.01 

Total $17.07 

On  the  basis  of  44.09  miles  of  road  this  gives  a  cost  of  $0.39  per  mile. 

The  cost  of  blue  print  paper  was  11  cts.  per  sheet;  the  cost  of  printing,  trim- 
ming and  binding  was  14  cts. ,  making  the  total  cost  per  sheet  25  cts.  Materials 
as  follows  were  used  in  preparing  the  plans  for  the  four  sections: 

216  sheets  blue  print  paper  at  25  cts $  54.00 

90  sq.  yds.  plain  profile  cloth  at  70  cts 63. 00 

90  sq.  yds.  cross  section  paper  at  20  cts 18.00 

11.7  sq.  yds.  tracing  clotn  at  37  cts 43.29 

Total   44.09  miles  of  road  at  $4.05 $178. 29 

This  gives  a  cost  of  $4.05  per  mile  of  road  for  the  blue  prints. 

The  cost  of  the  plans  was  $48.22  i>er  mile,  and  the  cost  of  the  surveys  ^ta 
$26.69  per  mile,  giving  a  total  cost  of  $74.91  per  mile. 

Cost  of  Road  Surveys,  Missouri. — In  Engineering  and  Contracting,  March  3, 
1920,  C.  O.  Sandstrom,  in  commenting  on  the  law  of  Missouri  fixing  the  price 
of  road  surveys  and  plans  at  $100  per  mile,  says  that  in  one  instance  on  a  22- 
mile  job  an  engineering  firm  broke  even  at  $225  a  mile  and  on  another  job  of 
29  mile.s  a  small  profit  was  made  at  $175  a  mile.  The  high  cost  in  the  first 
case  was  causf^d  by  breakage  in  an  organization.  In  both  jobs,  the  design  of 
culverts  and  bridges  up  to  20-ft.  span  were  included. 

Cost  of  Highway  Surveys,  Pennsylvania. — Engineering  and  Contracting, 
Aug.  19,  1914  gives  the  following  record  of  the  State  Highway  Department  of 
Pennsylvania. 

Cost  or  Surveying  About  9,  000  Miles  of  Highway  in  PsNNSTLVAifiA 
Item  Total  Cost  per  mile 

Surveying  main  line $442,597.98  $       47.87 

Plotting  main  line 72,432.79  11.36 

Checking  and  tracing  main  line 8,717.79  7.97 

Surveying  alternate  line 15,461.22  50.45 

Miles  surveyed,  main  line 8,827.91 

Miles  plotted,  main  line 6,373.81 

Miles  checked  and  traced,  main  line 1 ,094.40 

Miles  surveyed,  alternate  line 306.36 

Cost  of  Road  Surveys  and  Plans  (Engineering  and  Ccmtracting,  March  7. 
1917). — The  cost  of  road  surveys  and  plans  made  by  the  forces  of  theWiscon- 
sin  Highway  Conmiission  between  Aug.  15,  1915,  and  July  1,  1916,  under 
survey  contracts  with  counties  averaged  $24.79  per  mile.  Tbe  figures  in 
more  detail,  according  to  the  Third  Biennial  Report  of  the  CommiasicMi.  are 
as  follows: 

Survesrs  made    Plans  completed 

Miles 894.27  706.69 

Coft  per  mile $     7.98  $16.81 

The  cost  of  Isolated  Road  Surveys  (Engineering  New»-Record,  Oct.  4, 
1917). — Since  1913  the  State  Highway  Department  of  Illhiois  has  made  man 
than  400  preliminary  surveys  of  roads  under  conditions  which  have  made  the 
comparative  cost  rather  high,  although  the  actual  cost  of  $26.40  is  but  asmiU 
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Kanawha  River  as  the  only  outlet  to  the  Ohio.  Owing  to  local  ennditioni.  it 
was  believed  that  the  hea\ier  traffic  would  be  westbound,  and  tberefoare  that 
every  effort  should  be  made  to  get  as  low  a  ruling  grade  as  poanble  for  tUi 
traffic.  All  roads  pre\iously  built  tlirough  the  adjoining  regions  taavv  lnv 
stretches  of  1.5  per  cent  grades,  and  curves  up  to  12  and  14  deg.  The  fint 
sur\'eys,  therefore,  were  of  a  preliminary  nature,  in  order  to  determine  irial 
grades  and  curves  could  be  secured. 

After  a  number  of  surveys,  locations  and  explorations  had  been  made,  it  wm 
found  that  the  following  grades  and  curves  were  possible:  In  Ohio,  OJ! 
grades,  4  deg.  maximum  curve;  Little  Kanawha  Division*  0^  per  cent 
8  fleg.  maximum  curve;  Bumsville  and  Eastern  Division,  1.0  per  cent 
against  eastbound  and  0.^  per  cent  grades  against  westbound  traffic,  8  6Bg. 
maximum  curves;  all  grades  compensated  for  cunrature  at  the  rate  of  OJM 
min.  per  degree.  These  results  were  obtained  in  each  case,  and  thoui^  fOJ 
easy  for  parts  of  the  country,  required  some  rather  long  oontlnuous  grade  Ubbs, 
the  longest  being  on  the  Bumsville  and  Eastern  division,  where  there  are  LO 
per  cent  grades.  7  miles  and  7H  miles  long,  respectively,  and  a  0.6  per  oat 
grade  14  miles  long,  all  against  eastbound  traffic. 

The  topographical  sheets  of  the  United  States  Geological  Survej  wbvb 
found  of  great  value  in  making  a  broad,  general  study  of  the  country.  A  lai|B 
number  of  maps  of  small  scale  (1  in.  to  1  mile  or  even  smaller)  were  i^fwiip"*'' 
and  traced  from  various  State,  county  and  road  maps,  on  niildi  the  aeveial 
survey  lines  could  be  indicated. 

The  general  direction  of  the  survey,  except  ahng  the  Little  Kanawha 
Division,  was  almost  directly  across  the  general  drainage  of  the  oountiy. 

In  Ohio  a  direct  line  between  termini  was  first  examined,  but  was  found  to  be 
impracticable.  A  systematic  examination  toward  the  southwest  waa  tim 
made,  and  a  satisfactory  line  developed.  All  the  Btreams  here  lie  in  deep, 
narrow  valleys,  and  are  exceptionally  crooked.  The  only  feaaible  waj  to 
traverse  much  of  the  country  was  to  get  up  (Mit  of  the  yaUeys  and  stay  out 
Such  a  method  necessitated  crossing  about  100  ft.  above  several  atreams.  and 
running  short  tunnels  between  the  watersheds;  it  also  gaTB  the  shortHt 
line,  the  easiest  grades,  and  the  lightest  curvature. 

The  main  problem  on  the  Parkersburg  Bridge  A  Terminal  Railroad  was  the 
determination  of  the  location  for  a  bridge  over  the  Ohio  Rtvin.  The  Goven- 
ment  regulations  required  90  ft.  clear  head-room  above  low  water  and  no 
piers  in  the  main  channel,  which  necessitated  a  700-ft.  span.  The  Incatlim 
finally  adopted  is  about  5  miles  below  Parkersburg,  and  is  believed,  Mr. 
McFetridge  stated,  to  be  the  shortest  and  cheapest  railroad  bridge  cposring  the 
Ohio  between  Pittsburgh  and  the  Mississippi,  the  700-ft.  qian  pneUcaUy 
clearing  the  entire  channel. 

The  Little  Kanawha  Divisicm,  in  general,  followed  the  little  Kanawha 
River.  The  hills  rise  abruptly  from  the  river  banks.  The  river  is  wy 
crooked,  and  to  follow  it  gave  a  long  line  with  much  cimratun.  Much  dis- 
tance could  be  saved  by  cutting  through  the  country  at  variona  pointa,  but 
the  work  was  very  heavy.  The  line,  as  finally  located,  is  a  oomMnatlai  of 
river  and  cross  country  line.  It  is  31  miles  dunter  than  the  river,  in  a  total 
distance  of  100  miles.  There  are  eight  tunnels,  usually  short,  the  lomest 
bein^  4,000  ft.  There  are  seven  river  crossings,  with  main  spans  from  100  to 
300  ft. 

The  Burnsville  and  Eastern  Division  is  in  the  central  mountain  part  of  the 
State.    The  highest  altitude  reached  is  1,725ft.  aboveasaleveL    TtaeoouBtiy 
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first  location  liad  been  made,  it  was  studied  further  in  the  chief  engineer's 
ofTiff;  if  any  chanitjes  were  desired  they  were  taken  up  with  the  aisL-tani 
»-ngint'«;r.  iLsuully  by  the  assistant  cliief  engineer  and  the  assistant  engineer 
t^nint;  over  the  ground  together  and  there  studying  the  question. 

All  curves  of  'i  deg.  or  more  had  spiral  approaches.  These  were  allowed  for 
in  r.ro^s-sertioning  by  ofTsetting  the  slope  stakes  the  required  distance.  For 
.siiriplirity  and  esLS<',  all  n*cords.  profiles,  etc.,  \s-ere  kept  on  simple  curve  data. 
When  siiiral  curves  came  in  tunnels,  a  S[)ecial  plan  was  made  for  each  case, 
siiowing  the  offst'ts  from  the  tangent  and  the  simple  curve  to  every  In  ft.  on 
thf*  spiral,  the  alignment  being  kept  on  the  tangent  and  the  simple  curve,  and 
allowing  the  requinfd  offset  in  giving  the  widths  for  the  tunnels.  Vertical 
curves  were  in.s<^rted  at  all  places  when  the  change  of  grade  was  more  than  0.1 
ft.  in  100  ft.  Standard  fonns  were  used  for  all  notes,  maps,  profiles,  plans,  and 
reports,  an<l  were  found  to  save  much  work  and  time  in  the  chief  engineer's 
office. 

The  greatest  nuinb«*r  of  miles  of  preliminary  line  run  in  one  day  by  one 
fiarty  was  7,  and  of  location,  4H-  The  location  averaged  slightly  more  than 
one  rniW'  ikt  day  per  party,  except  on  the  Bums\'ille  and  Eastern  and  on  the 
Huckhannon  and  Northern  lines,  where  it  averaged  ^  mile.  Stakes  were  *t 
every  100  ft.  on  tangents,  and  every  .50  ft.  on  curves.  The  speed  of  location 
parties  was  usually  limited  by  the  amount  of  clearing  that  could  be  done,  but 
the  numbf-r  of  curves  and  the  rough  character  of  the  ground  were  also  laripe 
factors  in  limiting  the  spefid. 

Kiich  party  cOst  from  $.3-5  to  $40  per  day,  being  allowed  all  expenses  in  addl- 
ti(m  to  salaries. 

Table  I  gives  the  total  cost  per  mile  of  the  completed  surveys.  It  includes 
office  rent,  imrchasf  of  instniments  and  supplies,  general  expenses,  all  salaries, 
field  exp(mses,  and  the  preparation  of  final  maps,  plans,  profiles,  and  estimates. 
with  everything  in  readiness  to  make  contracts  for  the  line. 


Tajble  I. — Total  Cost  of  ISurveyh 

MilcH  of  surveys Av.  cost 

per  mile 
.\  mount         Prelinii-     Loca-  A  v.  cost    of  looa- 

Coiiipuny  spent  uary  tion  Total      per  mile      tion 

L.  K.  R.  K $25,070.83  428.19  193.85  622.04  $40.31  $129.36 

Z.  .\I.  «V  1' 19.S12.77  509.03  105.23  614.26  32.25  188.28 

H.  tVK.  H.  R.  20.100.68  241.75  113.70  355.45  57.58  180.00 

P.  H.  A:  T.  R    ir  .  0.0.11.98  84.66  38.17  122.73  54.20  174.28 

«.  AN.  R.  I{ 19.249.94  102.51  151.29  313.80  61.34  127.23 


T()t:i!.s 891.2.18.20  1.426.04     602.24  2,028.28     $45.00     $151.53 

The  last  column  gives  the  cost  per  mile  of  actual  location,  including  pre- 
liminary lines.  The  third  and  fourth  columns  show  that  there  were  from  2  to 
.'>  miles  of  preliminary  lines  run  for  each  mile  of  location,  except  on  the  Buck- 
haimon  and  Northern  line.  Table  I  also  includes  302  miles  cxf  check  le'vebi. 
the  co.-^t  beiiit^  (ii.stributed  among  the  various  accounts.  The  data  for  the 
Rarkersburg  Bridge  aiul  Terminal  line  include  surveys  and  soundings  for  the 
Ohio  River  Bridge.  The  cost  i)er  mile  includes  the  topography  on  practical!}' 
all  lines,  except  on  the  Zanesville,  Marietta  and  Parkeisbiug  line,  where  it  was 
taken  only  on  the  located  lines. 
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$100  to  $140,  or  an  average  of  $115;  to  locate  one  mOe,  final  location,  fa»^M«ny 
from  two  to  five  times  as  great  a  length  of  preliminary  lines,  cost  from  $128 
to  $188,  or  an  average  of  $151;  to  locate  one  mile,  final  location,  itirfuHhy 
from  two  to  five  times  as  great  a  length  of  preliminary  lines,  and  one-thlnl  of 
a  mile  of  location  for  comparison,  cost  from  $171  to  $251,  or  an  awige 
of  $202. 

A  tabulation  of  the  mileage  of  the  Buckhannon  and  Northern  line,  wMi 
reference  to  the  actual  length  of  Une  to  be  built,  and  showing  how  the  iwdlti 
agree  with  the  averages  deduced  from  Table  I  is  as  f oUowb.  the  BuckhamflB 
and  Northern  l\ne  being  used  because  the  conditions  there  make  it  Um  bsit 
average  of  "all  conditions"  encountered  on  the  various  lines:  Total  mfiei 
located,  151.29;  miles  of  main  line  contracted  for,  80;  miles  of  main  line  not 
contracted  for,  4 ;  miles  of  connecting  line  located,  but  which  may  w  may  not 
be  built,  about  26.  This  gives  1 10  miles  of  main  and  oonnectlns  lines,  lesring 
41.29  miles  of  duplications  and  comparisons.  The  cost  is  then  $19,249.94  -i- 
110  -  $175  per  mile. 

Cost  of  a  Triangulation  Survey  with  48  signals,  controlling  about  150  sqinie 
milefl  of  the  Grand  Valley  project  of  the  U.  8.  Reclamation  Survey  was  made 
at  a  cost  of  $3.63  per  square  mile,  and  a  pUme  table  survey  of  127  square  mflfli* 
with  maps  on  a  1:12,000  scale  with  10-ft.  contours,  was  made  at  a  eort  of 
$57.79  per  square  mile.  The  cost  of  the  triangulation  survey  ^"Hwtwl  tbit 
of  measuring  base  lines  and  making  Polaris  observations. 

Cost  of  Railroad  Surveys  in  Bolivia. — The  following  data  aie  from  snsitieto 
In  Engineering  Record,  June  25.  1910,  by  C.  A.  Bock. 

The  model  organization  of  a  locating  party  is  given  in  Table  m. 

Tablk  III. — Obganization  or  BouviAir  LooAnoM  Pabtt 

Foreigners  Nativtes 

Monthly  Bfontkhr 

Title  saluy  Title  nlaiy 

Locating  engineer $200.00  Cook $5.00 

Assistant  engineer 150 .  00  Assistant  oook 22.00 

Transitman 125 .  00  Camp  boy 15.00 

Levelman 100.00  Corral  Ixqr 15.00 

Topographer 100.00  Lonoh  boy 15.00 

Draftsman 100.00  Muleteeia,  2,  ea $0.00 

Head  chaininan 60.00  General  helpers,  2,  ea 15.00 

Rear  ohainman 60.00  Rear  flag 19.00 

Level  rod  man 60.00  Axeman,  1  to  4,  ea 10.00 

Topog.  rodman 50.00  Stake  man 26.00 

Commissary 80.00  Tape  man 2$. 00 

Doctor 150.00  Inst,  oarrien,  2,  ea 10,00 

rabies  IV  and  V  show  the  cost  and  time  of  three  different  survegrs,  maAi  ijy 
(iliTerent  parties  in  more  or  less  similar  country  and  on  the  most  Hww^iif  of  n^ 
worl{  thus  far  located.  It  should  be  noted,  however,  that  while  the  wwk  ta 
located  in  mountain  country,  and  most  of  it  on  diflOcult  ground  (jsnaTenieof 
almost  oO  i>er  cent  of  the  entire  located  line  is  curves)  there  Is  no  outttng  or 
clearing  to  be  done,  since  tlie  plateau  portion  of  BoUvU  Ues  above  tbetimlMr 
line.  The  cost  per  kilometer  of  location' as  givm  includeB  iReUmliiuy  Him^ 
topography  and  all  extra  work  necessary  to  accomplish  the  locatlGii«  iMrides 
completed  maps,  profiles  and  estimates.  The  flguvps  am  for  the  tolsl  ooit, 
and  include  all  office  and  administration  expenses,  iUtziunMUtS-oad  nut^^ff- 
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camp.    From  the  camp,  which  occupied  three  different  sites,  about  26  miles 

of  location  were  made,  teams  being  kept  with  the  camp  for  transportatioiL 

TaBLB  VI. DiBTBIBUTION  OF  LaBOB 

Pot.  Pet 

Cost  of  of 

per  labor  cnnd 

Description  of  work                                            Cost         mile  total  total 

Running  the  line  finally  adopted $1,500     $35.10  39.7  30.8 

Running  lines  afterwards  abandoned ,  432       10. 10  11.4  6.0 

Surveys  of  intersected  streets *  666       15. 60  17.6  9.S 

Leveling  on  line  finally  adopted 156         3.66  4.1  3.3 

Leveling  on  lines  afterward  abandoned 65         1.5i2  1.7  0.9 

Leveling  on  intersected  streets 20         0. 47  0.6  0.9 

Meandering  ponds  and  streams 57         1 .  33  1.5  0.8 

Surveying  private  boundaries 382         8.95  10.0  5.3 

Triangulation  and  traverse  lines 146         3.42  3.0  8.0 

Exploration 10        0.23  0.3  0.15 

Check  levels 10        0.23  0.3  0.16 

Office  work  by  field  men 61         1.43  1.6  0.8 

Holidays,  absences  and  rainy  days 270         6.  55  7.4  3.8 

Totals $3,784     $88.58  100.0  63.80 


Table  VI  of  labor  distribution  does  not  include  any  general  offloers'  nlaitai 
nor  that  of  the  chief  engineer.  The  map  drawing  was  done  in  the  geoenl  oOn 
and  does  not  figure  in  these  tabulations. 

Surveying  instruments  were  supptied  from  those  preyioualy  In  nse  hj  tiM 
company,  and  interest  on  their  cost  is  charged  under  "  Field  and  Office  Eqn^ 
ment."  The  camp  equipment  consisting  of  seven  tents,  complete  mess  outfit, 
cot  beds,  blankets  and  quilts,  was  purchased  second-hand  at  a  discount  of  80 
Tper  cent. 

During  the  nine  weeks  above  mentioned  many  days  were  lost  on  aoooont  of 
rain  for  which  the  men,  being  at  home,  were  not  paid.  The  iwy  of  tbe  ptity 
was  as  follows: 


Position  F^y  pvday 

Assistant  engineer  in  charge $  4.50 

Transitman : 8.8S 

Leveler 2.80 

Axman  and  teamster,  7  days  per  week 2.36 

Chainmen 8.00 

Rodman 1.76 

Axmen 1.00 

Cook,  per  week U.OO 


A  study  of  the  tables  does  not  suggest  much  wwemMance  to  aiiiiflar  ones 
previously  published,  the  most  marked  difference  appearing  in  tbe  mattor  of 
camp  maintenance.  Table  VIII.  Much  of  the  higgler  coat  ahown  hne  li 
doubtless  due  to  the  high  cost  of  living  prevailing.  Alao  nuidi  may  be  due 
to  the  fact  that  all  the  men  were  accustomed  to  a  pretty  good  table  and  in 
effort  was  made  to  provide  them  with  home  comforts. 

The  total  cost  per  mile  given,  $168.08,  Table  YII  is  fhe  coat  per  mOe  of  flnsl 
location,  and  will  be  seen  to  include  the  cost  of  preUminaiy  Unea,  and  all  tbe 
detail  surveying  necessary  for  complete  land  plans. 
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during  the  summer,  the  field  work  was  completed.     The  last  field  party  m 
disbanded  on  Nov.  22,  1913. 

The  accompanying  cost  report,  see  Table  IX,  shows  a  decrease  in  tbe 
average  cost  per  mile  during  this  time  from  $77.53  for  March  to  $61.20  fa 
November  or  a  decrease  of  $16.33  in  the  average  cost.  There  Is  also  a  de- 
crease of  $8,166.80  in  the  estimated  cost  to  complete  the  work.  During  tUi 
same  time  283.5  miles  of  sewers  were  measured  at  a  cost  of  $13,880.52,  vUfil 
gives  an  average  per  mile  cost  for  this  period  of  $48.96.  The  average  ooiti 
are  based  on  payroll  charges  only. 

Complete  information,  as  caUed  for  in  Instructions  to  Fielci  Parties  was  ob* 
tained  on  496  miles  of  sewers,  together  with  other  information  pertaining  to 
the  streets  of  the  city.  This  includes  42  miles  of  sewers  within  the  city  limiti 
for  which  there  were  no  records. 

The  increase  in  the  cost  of  the  field  work  at  the  end  of  the  season  is  due 
wholly  to  vacation  time  and  the  locality  in  which  most  of  this  work  was  dooe. 

Field  Work. — The  work  consisted  of:  Running  bench  levels,  to  establidi 
elevations;  Location  of  pipes  by  traverse  indudinsr  the  following:  Street  and 
curb  lines,  comers,  etc.  Sewer  center  lines.  Manholes,  sewer,  electric.  tde> 
phone,  etc.  Inlets  and  catch  basins.  Valves,  water  and  gras.  Fire  hydruti 
and  fire  cisterns.  Culverts  (obtain  size).  Bridges.  EUectrlc  and  stctfi 
railroad  tracks. 

The  size  and  shape  and  condition  of  all  pipes  and  appurtenances  was  alio 
determined  and  reported. 

Sewer  Record  Plate. — The  primary  purpose  of  these  plats  is  to  show  conectly 
all  information  regarding  the  sewers:  Their  sizes,  grades,  location,  Inleti 
and  branches.  They  include  all  improved  portions  of  the  city.  These  sheeti 
i^o  give  information  regarding  all  other  underground  structure.  They  show. 
therefore,  the  best  location  for  new  sewers  or  pipes.  Formerly,  it  has  been 
necessary  to  visit  the  various  corporations  having  pipes  or  conduits  in  the 
streets  in  order  to  get  this  information. 

These  record  plans  are  23  X  32  ins.  within  the  border  and  a  binding  edge  of 
lyi  ins.  is  left  on  the  left  hand  end  of  the  sheet.  One  portion  of  the  dty  ii 
platted  on  a  scale  of  40  ft.  to  the  inch;  all  other  parts  of  the  dty  are  platted  on 
a  scale  of  50  ft.  to  the  inch. 

Methods  of  Making  Topographical  Surveya  and  Their  Cost. — ^The  foliow- 
ing  discussion  and  data  by  D.  L.  Reabum.  Divifiion  Engineer,  Los  AngdM 
Aqueduct,  are  taken  from  an  article  in  Engineering  News,  Aug.  10,  1011. 

Two  methods  are  in  common  use  in  this  country  for  making  topographic 
surveys.  The  older  one,  known  as  the  plane-table  method,  has  been  used 
more  extensively  than  any  other.  It  is  used  either  with  or  without  stadia. 
The  other,  known  as  the  transit  stadia  method,  has  been  in  use  about  50  years. 

The  plane-table  is  used  by  the  U.  €.  Coast  and  Oeodetlo  Survey,  the 
U.  S.  Geological  Survey  and  the  U.  S.  Reclamation  Service;  whUe  the  transit 
stadia  has  been  used  exclusively  by  tlie  U.  8.  Lake,  MissitBlppI  River,  MisMwri 
River  and  other  surveys  conducted  by  the  Corps  of  Engineers,  U.  8.  A.  It 
is  also  used,  more  or  less,  by  engineers  in  general  practice. 

The  plane-table  is  indispensable  for  geographical  surveySt  especially  In 
mountainous  regions  of  large  relief.  When  provided  with  a  micrometer 
eyepiece  to  the  alidade.  It  can  be  used  to  great  advantage  on  reoonnalamioe 
and  exploratory  surveys. 

When  used  with  stadia  rods  the  plane-table  Is  adapted  to  mappliif  on  ksIm 
up  to  about  500  ft.  to  the  inch;  on  larger  scales  than  this  the  praUem  becomM 
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a  mechanical  one  of  locating  points  rather  than  sketching,  and  compaTHl  to 
the  more  rapid  transit  stadia  method,  the  plane-table  is  decidedly  at  u 
disadvantage. 

The  thretf-point  metliod  cannot  be  used  to  advantage  on  large  scale  work 
with  th(*  plane-table.  A  chaine<l  traverse  line  is  generally  required  for  control. 
In  rough  and  brushy  country  this  traverse  work  is  slow,  laborious  and  expen- 
sive. In  rough  country  the  hand  level  method  is  also  very  slow  and  expensive, 
and  it  is  difficult  to  dt'lineate  accurately  the  character  of  the  ground  surfaiv. 
The  transit  stadia  method,  on  the  other  hand,  is  not  adapted  to  small  scale 
mapping  of  extendcnl  areas. 

The  writer  has,  however,  used  the  transit  to  advantage  in  connection  with 
the  plane-table  on  2,000  ft.  to  the  inch  work,  where  it  was  desirable  to  do  the 
sketching  in  the  field.  The  points  were  located  by  transit  and  plotted  on  the 
[)lane-table  sheet  with  a  small  protractor. 

The  transit  stadia  is  well  adapted  to  large  scale  detail  surveys.  On  such 
surveys  the  lo<;ation  and  plotting  of  the  detail  points  constitutes  the  major 
portion  of  the  work.  The  transit  in  the  hands  of  a  skilled  obser\'er  is  capable 
of  locating  these  points  with  more  ease  and  rapidity  than  any  other  in.'itni- 
inent.  The  transit  is  better  adapted  to  work  in  brush  than  the  plane-table. 
and  then;  is  not  so  much  lost  time  from  adverse  weather  conditions. 

The  fundamental  principles  governing  the  execution  of  such  work  along 
economic  lines  may  be  stated  as  follows:  There  should  be  a  rigid  horizontal 
and  vertical  control,  supi)lemented  by  a  less  precise  secondary  control,  upon 
which  to  base  the;  details  of  the  work.  These  principles  are  fully  realized  by 
the  transit  stadia  method.  The  rigid  control  being  the  triangulation  and 
precise  levels,  and  the  secondary  control  the  stadia  line.  In  flat  countr>'  a 
travers<t  linc^  control  will  sometimes  be  found  more  economical  than  a  triangu- 
lation system. 

Th(;  (luestion  of  economical  methods  of  conducting  location  surveys  does  not, 
as  a  rule,  receive  much  consideration.  The  writer  has  observed  a  number  of 
instanc(^s  where  money  has  been  unnecessarily  expended  by  not  adopting 
in«;thods  suited  to  the  country.  In  one  instance,  where  the  hand  level 
method  was  in  use  for  topography  along  steep  brushy  mountain  slopes,  it 
requlrtfd  the  s<'rvices  of  a  transitman,  levelman,  topographer  and  nine  men  to 
make  a  progress  of  2,000  ft.  per  day.  A  transit  stadia  party  of  six  men  was 
substitut«'<l  and  the  progress  increased  to  a  mile  per  day. 

During  the  ])ast  six  years  the  writer  has  given  much  time  and  thought  to 
the  subject  and  tried  out  several  of  the  methods  in  u9e.  The  transit  stadia 
iiu'thod  lias  given  the  b<\st  results.  A  description  of  the  methods  employed, 
the  results  obtained  and  the  cost  on  several  pieces  of  work  is  given  below. 

Irri'.intinn  (Uinnl  Location. — During  the  summer  of  1905,  about  100  miles  of 
canal  location  surveys  on  the  Klamath  Project  of  the  U.  S.  Reclamation  Ser- 
vice were  made  by  the  transit  stadia  method.  Before  the  work  of  canal 
location  was  started,  topographic  maps  of  all  the  irrigable  lands  imder  the 
project  had  been  made.  About  300  square  miles  of  this  work  was  done.  This 
survey  was  based  on  a  triangulation  and  primary  level  control  and  was  exe- 
cuted by  the  plane-table  and  stadia  method  on  a  scale  of  2,000  ft.  to  the  inch. 
with  a  contour  interval  of  5  ft.  The  cost  of  this  plane-table  work  was  from 
$15  to  $30  per  square  mile. 

Maps  drawn  from  this  survey  determined  the  approximate  location  and 
grade  of  the  main  canals  and  from  these  data  the  transit  stadia  Bun'ey  for 
final  location  was  made. 
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The  topographic  maps  were  on  sheets  22  ii». 
X  30  ins.  in  size,  drawn  to  a  scale  of  100  ft.  -  1  ta. 
Rectangular  coordinate  lines  10  ins.  apart  woe  pro- 
jected on  them  and  the  control  points  plotted  by 
coordinates. 

The  stadia  line  was  first  plotted  to  a  doiiiR 
between  tie  points,  and  the  closure  error  distribntcd 
before  any  topography  was  idotted.  This  error  «w 
from  1  in  500  to  1  in  1.000  for  lines  along  the  grade 
contour,  but  where  vertical  angles  entered  into  tlM 
line  the  results  were  not  so  good. 

Where  the  ground  was  badly  broken  and  for 
siphon  crossings  over  deep  canyons,  the  sheets  mn 
mounted  on  a  plane  table,  after  tbe  transit  nols 
were  plotted,  and  the  contours  sketched  In  the  fleU 

Proffreaa  and  Co9t. — ^The  average  day's  run  n 
about  IH  miles.  The  number  of  stadia  shots  vn 
from  500  to  750  per  day,  or  about  400  to  800  per 
mile.  The  cost,  including  the  triangulation  and 
location  of  section  comers  was  from  980  to  900  per 
mile. 

During  the  spring  of  1910  about  200  ndlss  of 
transit  stadia  location  surveys  were  made  In  the  San 
Fernando  Valley  for  the  Los  Angeles  Aqueduct 
distribution  system  by  a  party  in  charge  of  Mr.  J. 
Q.  Morgan. 

The  work  was  plotted  on  sheets  22  Ins.  X  30  Ins. 
on  a  scale  of  200  ft.  to  the  indi,  with  a  eoiitour  in- 
terval of  5  ft.  The  contours  were  foUoned  out  on 
the  ground.     (See  Table  X.) 

The  field  party  was  eomposed  of  a  transit  man, 
recorder,  levelman,  four  rodmen,  draftsman  and 
teamster.  Each  rodman  carried  a  Lodae  hand 
level,  for  placing  his  rod  on  contours  above  or 
below  the  range  of  the  transit  or  level,  by  sitting 
on  another  rod.  As  part  of  the  work  of  spotting 
the  rods  was  done  by  the  levelman  and  byttis 
rodmen  themselves,  the  observer  was  able  to  keep 
four  rodmen  busy. 

A  belt  of  topography  having  a  vertical  width  of 
40  ft.  was  developed  from  one  stadia  linewtalchoor- 
re8i)onded  to  a  horizontal  width  of  from  100  to  l,iiOO 
ft.  In  some  instances  several  adjacent  40-ft.  belts 
were  developed. 

The  minimum  niunber  of  stadia  ahota  per  day 

was 

The  maximum  number  of  stadia  ahota  per  day 

was 

The  average  number  of  stadia  shots  per  day 

was 

The  average  number  of  stadia  shots  per  sdle 

was 
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In  comparing  the  costs  in  the  table  it  should  be  noted  that  it 
in  addition  to  the  main  control  system  to  establish  two  points  by  trianguli- 
tion  upon  each  plane-table  shot,  the  cost  of  which  is  not  included  for  Firty 
No.  2. 

All  men  employed  in  the  work  except  the  topographer  in  cheige  were  tam* 
perienced  in  topographic  work.  The  increased  efficiency  of  Party  No.  1  ii 
shoMm  in  the  table  below  for  a  period  of  three  months. 


Month Progreas  acres  p«r  day  C«»t  par 

April 40  iO.54 

May 99  0.28 

June 122  0.18 

Sta*iia  Survey  for  Irrigation  Project. — The  SUTVey,  Of  the  PresUm  Bedc.  Jr. 
Grant  in  New  Mexico,  formed  the  basis  of  a  preUxninary  deeipi  and  report  for 
the  reclamation  of  this  property.  The  survey  was  made  during  the  period 
from  Sept.,  1910  to  May,  1911.  The  following  is  abstracted  from  an  artieto 
by  Mr.  Vincent  K.  Jones  in  Engineering  and  Contracting,  July  31,  1012. 

Owing  to  the  broken  character  of  the  country  and  the  many  ridges  over 
which  the  water  in  the  canals  must  pass  a  topographical  map  was  nfirrinHiT 
to  determine  the  controlling  points  of  the  canal  ^jrstem  and  to  enable  a  suffi- 
ciently close  preliminary  design  and  estimate  of  cost  to  be  made.  For  tbta 
purpose  extreme  accuracy  is  not  essential  and  the  extra  work  necessary  to 
obtain  a  high  degree  of  accuracy  would  be  wasted.  The  results  proved  to  be 
sufficiently  accurate,  the  errors  of  traverse  by  stadia  varying  troai  I  in  400 
to  1  in  600  and  the  errors  in  elevation  when  carried  by  transitHrtadia  about  1 
ft.  in  6  miles  of  horizontal  distance. 

The  general  location  of  the  main  canal  was  first  obtained  by  running  several 
rough  level  "  fly-lines."  These  showed  the  (uUy  practical  linefor  a  main  canal 
to  lie  somewhere  in  a  strip  of  land  whose  outer  limits  were  contouxB  appraii- 
mately  100  ft.  apart  vertically. 

Starting  at  one  of  the  controlling  points  the  main  canal  known  as  El  Puo 
Gap  a  line  of  topography  was  carried  towards  the  Pecos  Biver  covering  a  strip 
lying  approximately  between  the  5,200  and  5,300  ft.  contours.  About  2  ft. 
per  mile  of  line  were  allowed  for  the  rise  of  the  canal  as  the  line  iqiproadiad  tin 
river.  This  line,  afterward  used  as  a  base  line  cm  whidi  tbe  topogrniby  cf 
the  land  under  the  canal  was  hung,  was  run  as  a  stadia  traverse  with  eievations 
carried  by  an  18-in.  wye  level  and  checked  by  taking  vertical  anglae  with  fhs 
transit. 

From  this  base  line  the  topography  at  the  strip  of  land  mentioned  abovs 
was  taken,  sufficient  side  shots  being  n&ade  to  enable  5  ft.  oralours  to  te 
interpolated  on  a  scale  of  600  ft.  to  the  inch.  The  shots  between  itsfr*^ 
varied  from  200  ft.  to  1,800  ft.  in  length  and  the  number  of  side  shots  from 
each  station  from  2  to  200,  depending  on  the  roughness  of  the  ooimtiy  cotewd 
and  the  position  of  the  instniment  station.  The  length  of  this  line  me  41 
miles. 

When  the  Pecos  River  was  reached  a  stadia  traverse  was  oarried  up  tbp 
river  for  12  miles  to  form  a  connecting  link  between  the  canal  topogi^ihy  and 
tile  survey  of  a  reservoir  situated  near  the  town  of  El  Oerrito.  The  river  runs 
in  precipitous  box  canon  between  the  reservoir  and  the  potait  of  dtventaBnear 
Tecolotito.  whicli  required  2H  days  to  traverse.    Side  sliots  mm  tAm  aloiig 
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Progrest  of  Work. — ^With  three  stadia  rodmen  and  a  reooider  vrbo  drove 
the  team  and  also  acted  as  rear  flagman,  the  work  progieBsed  i&pldly.  Six  to 
eight  railes  of  traverse  line  with  all  side  shots  were  frequently  made  wbea  in 
fairly  open  country.  When  in  the  breaks  near  the  river  or  in  dose  ixQcrimJty 
to  the  large  mesas,  2  to  4  miles  of  traverse  was  the  general  average.  As  tlw 
traverse  lines  were  generally  a  half  mile  apart  the  area  covered  varied  fram 
640  acres  in  rough  country  to  2,560  acres  per  day  in  open  prairie. 

The  stadia-transit  notes  were  worked  up  in  camp  every  night  and  gmenlly 
plotted  the  next  day,  so  that  if  any  errors  were  picked  up  they  ocMild  be  oor- 
rected  before  moving  camp. 

The  notes  were  plotted  to  a  scale  of  1  in.  *  600  ft.  on  detail  paper  in  the 
camp.     The  sheets  were  not  traced. 

It  was  necessary  to  camp  where  water  was  available.  The  moves  bettwen 
water  holes  or  springs  averaged  about  eight  miles.  The  distance  fran  tbe 
camp  to  the  work  was  frequently  as  far  as  10  miles,  which  made  the  Job  cost 
more  than  it  would  if  more  camps  could  have  been  found. 

The  total  area  covered  by  topography  was  approximately  200,000  acres,  of 
which  145,000  acres  were  classed  as  tillable  land  and  55,000  acres  daased  as 
rough.  The  topography  of  the  rough  land  was  not  taicen  as  closely  as  that  d 
the  tillable  land  except  in  places  where  a  canal  will  be  built  or  in  a  prospective 
reservoir  site.  The  total  length  of  traverses  averaged  one  mile  for  each  300 
acres. 

Cost  of  the  work,  exclusive  of  the  first  base  line,  river  traverse,  and  Feoos 
Reservoir  survey,  the  cost  of  which  was  given  above,  was  as  follows: 

Salaries $3,188.00 

Board  expense  (including  cook's  wages) 768. 11 

Corral  expense 906.04 

General  expense 155. 10 

Depreciation   equipment  and  horses 140.40 

Office  and  field  supplies 71.43 

Total 94,488.06 

The  total  cost  figured  on  a  unit  basis  is  $.0311  per  acre,  $0.88  per  mOe  of 
traverse  line,  including  maps  and  the  classification  of  the  land,  but  not  includ- 
ing overhead  charges. 

The  cost  of  team  feed  and  shoeing  averaged  $0,214  per  head  per  day.  The 
co.st  of  board,  including  cook's  wages,  but  not  including  cartage  off  snppHM, 
averaged  $0,247  i)er  meal.  This  cost  varied  from  18  cts.  in  the  wbitar,  idnn 
fresh  beef  could  he  kept  in  camp,  to  32  cts.  in  summer. 

Cost  of  Making  Topographic  Resonrey  on  the  Tmckee-Carsoia  Project. 
Nevada.  — L.  E.  Gale  gives  the  following  data  in  Engineering  and  ContiactiDgt 
Feb.  25,  1914. 

A  portion  of  the  country  lying  north  and  west  of  f^on  being  Irrigable  and 
water  for  irrigation  being  available  upon  the  completion  of  the  Lahontan  Danu 
it  was  found  necessary  to  make  a  topographic  lesurvey  before  deciding  on  a 
system  of  irrigation.  The  country  had  previously  been  mapped  on  a  Kale 
of  4  ins.  to  the  mile  and  5  ft.  contour  interval  by  plane  table  parties  In  1007. 
This  scale  and  contour  interval  was  inadequate  In  detail  and  the  rbsui'vey  was 
made  on  a  scale  of  400  ft.  to  the  inch  with  a  2-ft.  contours. 

The  wages  paid  were  as  follows:  Instrumentmen  $100  per  mimtfa*  rodmen 
$60  to  $70  per  month,  recorders  $70  per  month,  teamster  $60  per  month,  oook 
$60  per  month.    Each  man  was  deducted  25  cts.  per  meal  and  tbe  meaiTwwiw 
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Tabub  XIV. — Cost  or  TopooRAPmc  Rmbubtst  fob  District  No.  3  Tbdckbi- 

Cabson  Ibbigation  Pbojbct 

Cost  IMT 

Classification  Amount  sq.  mils 
Horisontal  Control: 

Labor $     285.51  S  6.86 

Corral  Expense 44 .  50  1 .07 

Supplies S8.5S  .57 

*  Miscellaneous  expense 114.00  S.74 

Total  for  horisontal  control $    467. 54  911.84 

Vertical  Control: 

Labor $     124.80  i  8.00 

Corral  expense 28.00  .67 

Supplies 12. 68  .80 

*  Miscellaneous  expense 53. 08  1.80 

Total  for  vertical  control $    219. 80  f  6.27 

Plane  Table  Development: 

Labor $1,643.46  $80.51 

Corral  expense 65.00  1.66 

Supplies 62.96  1.87 

*  Miscellaneous  expense 556.00  18.61 

Total  for  plane  table  development $2,827.42  $55.05 

Draughting 204. 14  4.00 

General  expense 828.25  7.76 

Summary  by  Items: 

Labor $2,053.86  $49.87 

Corral  expense 187.50  3.80 

Supplies 89.01  2.14 

*  Miscellaneous  expense 733.98  17.66 

Draughting 204.14  4.00 

Total  field  cost $3,218.49         $77.86 

General  expense 823.25  7.76 

Total  cost $85.12 

*  The  item  "  MiscellaneouB  expense"  consists  of  idle  time  for  men  sod  temaie, 
moving  camp,  equipment  depreciation  and  misoeUaneons  labor  and  suppKos 
which  could  not  be  charged  directly  to  any  of  the  classes  oi  work  shown.  Oensml 
expense  is  administration  Washington  D.  C,  Portland,  etc.  Conral  ■«r^"t  • 
time  of  teams.  Location  of  work:  Townshqie  18  and  19  N.,  R.  27  and  88 
south  of  Carson  River,  in  District  3.  Area  mapx>ed^  41.6  aqnara  milri' rmiih 
sandy  country;  scale  1  in.  equals  400  ft.;  contour  interval  2  fL  Homontal 
control  developed  from  geodetic  co-ordinates,  and  maps  nrojected  from  polyeoiiie 
projection;  61  linear  miles  of  vertical  control;  36  triangqlation  atatioma  ealonlated 
and  plotted ;  36  permanent  triangulation  station  marloi  plaoed:  8  B.  BCto  plaesd 
(bronse) ;  2  camps.  Mess  house  loss  of  $106.66  is  not  iiusludea  with  ooat  report. 
Average  unit  performance  in  square  miles  per  plane  table  day.  41.6  plana  tabk 
days,  132  unit  performance,   .315. 

instmmentinan  who  plotted  the  poeition  of  eadi  point  and  wrote  the  etovation 
by  it.  The  two  rodmen  worked  out  the  oountiy  In  strips  about  800  ft.  wUb, 
the  width  depending  on  the  roughness  at  the  coinitiy  and  Taiylng  In  leqsth  or 
distance  from  the  table  with  the  visibility  of  the  rod.  In  this  woik  the  ooo- 
tours  were  not  directly  located,  but  a  sort  of  cross  soctton  of  the  eouutij 
was  taken,  the  rodmen  giving  the  high  and  low  points,  general  outlines  of 
hills  and  pot  holes,  changes  in  slopes,  low  pcrints  in  saddlas  and  hmalrs  in  the 
contours  in  general.  Each  set-up  cX  the  table  tocdc  in  an  ana  eppsmlmalely 
2,000  ft.  square  or  1,000  ft.  on  each  side  of  the  table. 

After  all  shots  necessary  in  each  set-up  were  taken,  the  plane  table  man 
walked  over  the  ground  and  drew  in  the  contours  from  the  plotted  elevrntlons 
combined  with  personal  observation;  verifying  doubtful  oontoun  1^  thieo 
pointing  at  the  spot  and  getting  additional  elevatloDS  when 
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Topographic  Surreys. — The  aooompanylng  tables.  oompDed  by  F^ankUn  4c 
Co..  Civil  Engineers.  Philadelphia,  Pa.,  and  publidied  in  Engineering  News. 
May  28,  1914,  give  cost  data  for  a  number  of  different  surveys.  Under 
"  Remarlcs  "  is  briefly  stated  the  oharactar  of  the  country,  the  method  of  doinc 
worit,  the  time  of  year,  and  any  notes  which  afllsct  the  cost. 

Tablb  XVII. — Cost  or  TopooBAraiCAL  Subvbtb 


Unit 
day 
in 
Sise  hr. 

1.  308  acres    6H 

2.  190  acres    7 

3.  104  acres    7M 

4.  .     300  acres    8 

5.  99  acres    7H 

6.  1,464  acres    8H 

7.  11,264  acres'  8 
(259    mi.    of 

stadia) 


-Time- 


Office 
Field       (one  man) 
40  days 

3   men      10  days 

22  days   9  days 
3  men 

8  days   1  day 
3  men 

40  days  22  days 

3  men 
12  days  4H  days 

3  men 
87  days  18  days 

3  men 

222  days     65  days 

4  men 


-Cost- 


Total 
Field     Office    east 


1327 
<194 
$74 

$480* 
$  115 
$  1063 


$45 
$88 


$  372 
$  232 


$  4  $  78 

$92  $  £72 

$23  $138 

$82  $1144 


Unit  east 
per  aere 

$1.20 
per  aers 

$1.23 
per  acre 

$0.75 

«per  aere 

$1.90 


$1.20 
tr  aere 
$0.78 


$  3791*  $886  $4177 


9JS7 


"  kSptfmL 


*  Field  cost  includes  subsistence. 


$14 

Ortadia'tiasi) 


Rbmabxs 


1.  95  %  =  points  established  on  5-ft.  contours  with  Y-lenl.  and  loeatad  with. 
plane-table.  5  %  «  points  established  on  5-ft.  oontoais  by,  and  loeated  with 
stadia  traverse  —  (woods).  Land  hilly  with  rise  (rf  130  ft.  Survey  mads 
Aug.  to  Oct.     Scale  of  map — 1  in.  »  100  ft. 

2.  80  %  »  points  established  on  5-ft.  contours  with  Y-level,  and  located  wiU 
plane-table.  40  %  -  points  established  on  2>^-ft.  contours  with  Y-levsL  and 
located  with  plane  table.  20  %  >"  woods  >■  pointo  on  5-ft.  oontoon  eataboBhed 
and  located  with  stadia  traverse.  Laiid  hill^  with  rise  of  180  ft.  Surrey  mads 
in  Dec.  and  Jan. '  Scale  of  map— 60  in.  «  1  ft. 

3.  70  %  =  points  established  on  5-ft.  contours  with  Y4evel,  and  located  with 
plane-table.  30  %  «  woods  -■  pmnts  on  5»ft.  contours  established  and  loeated 
with  stadia  traverse.  Land  »  rolling  ~  rise  of  80  ft.  Finished  plan  not  mads. 
Survey  made  in  June.     Scale  of  map — 1  in.  •  100  ft. 

4.  70  %  =  points  established  on  6-ft.  contours  with  Y4evel,  and  loeated  with 

f>lane-table.  40  %  =>  points  established  on  8-ft.  contours  with  Y-level,  and 
ocated  with  plune-table.  30  %  —  woods  ^  elevations  obtained  by  stadia 
and  vertical  angles-contours  interpolated.  Eztara  larie  number  of  buildiiw, 
railroads,  etc.  were  located.  Scale — 1  in.  *■  100  It.  Land  »  rou^  and  moon- 
tainous  =  rise  of  430  ft.     Survey  made  Nov.  and  Dee. 

5.  Points  established  on  5-ft.  contours  with  Y-level.  and  loeated  with  piaDe- 
table.  Land  =  rolling  =  rise  of  60  ft.  Survey  made  in  Feb.  and  BtardL 
Scale  of  map — 1  in.  =  100  ft. 

6.  90  %  =  points  established  on  10-ft.  contours  with  Y-4eveL  and  looated  with 
plane-table.  10  %  =  woods  =  points  on  lOnft  contours  estabuahed  and  locstsd 
with  stadia  traverse.     All  roads  traversed  and  chained. 

Land  =  hilly  =  rise  of  150  ft.  Survey  made  Sept.  to  Dec.  Scale  of  m^»-^l  in. 
-  200  ft. 

7.  Survey  made  entirely  with  stadia.  Tape  never  used.  Rou^  and  moon- 
tainous,  streams,  ridges,  and  2  coal  outcrop  lines  traversed  and  topoBn^ihy  takaa 
by  stadia  and  vertical  angles.  Contours  interpolated.  Levels  on  traJMt  Ums 
carried  along  by  stadia  and  vertical  angles.  Survey  made  Oct.  to  Fri>.  Rise  ia 
elev.  =  1,150  ft.  Stadia  lines  tied  on  to  outline.  Survey  nude  8  montlM 
previous.     Scale-^1  in.  =  500  ft. 

Location:     1  to  6  inclusive — .  in  Pennsylvania.  7,  in  West  Ya. 
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association  dues,  but  he  forgets,  said  Mr.  Moore,  jute,  city  cxMincOs*  qwcU 
requests,  oeinent,  tools,  inefficiency,  depreciation,  interest,  errors,  salaries, 
bad  work,  attorney's  fees,  taxes,  transportation,  engineer's  errors,  engineer's 
delays,  engineer's  estimate,  maintenance,  bad  weather.  freig:fat  on  toota. 
straight  time,  storage,  lumber,  repairs,  shipping  delays,  office  expense,  man- 
holes, drayage,  bad  luck,  traveling  expense,  water  pipe  and  gas  mainsu 

Finally,  said  Mr.  Moore,  there  has  been  too  much  secrecy  on  the  part  of  tbe 
contractor,  too  little  information  given  by  the  engineer  and  too  much  susiridoa 
on  the  part  of  the  communities,  also  a  regrettable  lack  at  ccHisideratloii  of  the 
rights  of  the  contractor  by  engineers.  Both  engineers  and  contracton  guea 
too  much. 

Fixed  Plant  Cliarges. — The  ordinary  "fixed  chaxges"  on  a  plant  an  (1) 
interest,  (2)  depreciation  (exclusive  of  current  repairs),  (3)  insuianee,  and  (4) 
taxes.  Often  to  these  items  should  be  added  the  cost  at  hmwing  the  plant 
when  idle. 

Depn'ciation  is  the  loss  in  value  that  occurs  in  qilte  of  current  ezpenditofes 
for  iimintenance.  Depreciation  may  be  due  to  the  forces  of  nature  or  to  tte 
"progre.ss  of  the  art"  which  renders  a  plant  obsolete.  Excavating  plant  ii 
commonly  e.sti mated  to  sulTer  a  depreciation  of  10  to  20%  per  annum  Some- 
times the  entire  first  cost  of  a  special  plant  is  charged  up  against  one  job,  If 
there  is  not  a  strong  likelihood  of  using  it  a^pdn. 

Insurance  and  taxes  are  usually  so  small  relative  to  defHedatlcm  that  they 
are  not  separately  estimated,  but  a  liberal  aUowanoe  is  then  made  for 
depreciation. 

Repairs  should  be  estimated  as  an  operating  expense  item  enftixely  separate 
from  depreciation,  for  repair  costs  depend  more  upon  the  activity  of  the  plant 
than  upon  the  lapse  of  time,  whereas  depreciation  usually  pragvesBes  with  the 
lapse  of  time  even  in  the  absence  of  any  use  of  the  plant. 

The  annual  "  fixe<l  charges"  should  be  divided  by  the  probable  wmwihT  of 
days  actually  to  be  worked  per  annum.  As  previously  stated,  tbe  average  is 
150  days  or  less,  for  most  excavating  plants  in  America. 

Fixed  charges,  repairs,  the  cost  of  idant  installation  and  shifting,  sad  time 
lost  through  delays  from  breakdowns,  etc.,  are  commonly  underestimated. 
In  arldition,  the  cost  of  surplus  or  standby  plant  is  addom  Included  in  estimstes 
of  cost,  yet  there  are  few  jobs  where  it  does  not  pay  to  have  a  eonsMershie 
investment  in  jilant  that  is  on  hand  for  emergencies.  Extra  can,  ivsgoa, 
scrai>ers,  plows,  pumps,  etc.  are  nearly  always  necessary. 

Operating  Expense. — Operating  expenses  may  be  divided  into  direct 
expense  and  joint,  ^oneral  overhead  expense,  which  together  embrace  all  ooste 
except  the  "  fixed  charges"  already  discussed. 

Direct  (xpcuseA  are  thase  directly  assignable  to  a  given  number  of  yaids  of 
excavation  in  a  givtm  place. 

Joint,  or  (/eneral,  or  overhead  expenset  are  those  that  must  be  allocated  OT 
prorated  because  they  are  not  directly  assignable  to  a  given  yardsge. 

Preparatory  expense  is  the  expense  incurred  in  installing  the  plant,  buOdlng 
construction  trails  and  roads. 

Dismantling  expense  is  the  cost  of  dismantling  and  removing  the  pisnt  and 
outfit. 

Shifting  expense  is  the  expense  of  moving  the  plant  and  outfit  fkom  one  part 
of  the  job  to  another  part  of  the  same  job. 

IdlencHs  expense  is  the  expense  incurred  when  the  plant  Is  not  engaged  hi 
excavating,  preparing,  shifting  or  dismantling. 


CHAPTER  XXV 
MISCELLANEOUS  COSTS 

Ref  erencei.  — Furthfsr  coAtA,  of  a  nature  similar  to  thooe  tnrtrwlpitf  in  tbii 
chapt^^r,  arf.  K\vf,n  In  Section  XV  of  Gillette's  HandtMok  of  Coat  DKta. 

Cost  of  Bsth  House,  Lincoln  Park  BatUng  Beach,  CUeaffa. — TTiigliiffiiiC 
and  Contra/ttiniC,  May  10,  1911,  describes  an  attractive  and  eoonooiical  bofld- 
InK  for  the  ar/'/jmrnodation  of  the  bathers  at  TJncniln  Fiark.  ChicigOL  Tte 
Idf^a  of  niipplyf ng  neveral  lockers  for  each  dressing  room  or  booth  is 
and  in  thifi  way  leas  booths  are  required  to  serve  a  given  number  of ; 
(;iothlnK  Is  not  left  In  the  booths,  but  is  placed  in  one  at  the  tockers. 

The  Apace  covered  by  tlie  buildings  is  264  ft.  long  by  54  ft.  wfde.  TUi 
area  Ih  enclosed  i^y  a  fence  about  7  ft.  in  height.  The  fence  is  built  of  stained 
rouicii  plank  laid  liorizontally  on  edge,  the  cradcs  being  doeed  with  battens. 
Tiu)  low  roof  of  the  enclosed  houses,  projecting  somewhat  above  the  ferns 
line.  frlveH  a  pleofling  efTcict.  The  structures  aie  all  frame  and  are  built  of 
roiifch  lurnlMir  with  concrete  floors  6  ins.  thick. 

"I'lm  4  X  4  In.  posts  in  the  buildings  were  sui^orted  on  concrete  pedestals 
carried  down  4  or  5  ft.  Into  the  sand. 

Thf.  wr>rk  was  done  by  the  Park  Commissioners  by  day  labor  and  the  eosts 
nn'  Kivftn  b<;low.  These  costs  hiclude  everything  ezoQpt  electric  wiring  and 
ItKhtH. 

liAlior : 

lOnfcinoerinff $       158.65 

Fornman,  05  hrs • 41.81 

TraiiiH,  «4  hrs 87.50 

Tonmntorfi.  107  hrs 88.51 

Coiiiinon  labor,  5,401  hrs f 1,884.68 

('ari>ontrr  labor.  8.716  hrs 4,080.56 

Pluiiibcm.  240  hrs 66.07 

Total  labor 8  6,606.08 

Material: 

Lumbor 8  4,506.68 

Paint,  otc 855. 10 

Hardware 1,868.88 

IMtinibiiifc  fixtiirofl 1,086.84 

Water  Hyutom 148. 57 

Newer  ny8tein 004. 55 

FouiulationB  and  concrete  floors 864. 86 

T(M)1« 8.60 

Total  matorials 8  8,515.60 

(Jrniid  total 815,811.68 

( 'o!«l  per  booth 8        48.75 

I'osf  I )i«r  locker 7.41 

Tho  abovo  labor  was  paid  at  various  rates  of  wages.    The  CMpsnlew  and 

hol|HTs  rates  varied  from  $2.50  to  85  per  8  hour  day.    The  teemoton  ware  paid 

iihnut  PM  \M-T  month.    Tho  common  labor  rate  was  85  and  80  di.  per  hmir. 

•**«»  TiH^nved  from  $2.25  to  $2.75  per  day.    The  fononn'a  ttano  ii  dla- 
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a  distance  of  about  66  ft.  and  a  slope  of  about  1 :5.  From  the  iwM?oiai  paint 
of  support,  it  cantilevers  out  24  ft.  9H  in*!  tbe  upper  dbords  of  the  tnmv 
declining  toward  the  lower  throughout  this  distance  and  Joining  at  the  end. 
This  wiiole  grandstand  structure  is  designed  with  the  idea  of  eventoilly 
adding  another  tier  (steel)  of  seats.  When  this  is  done,  the  roof,  with  the 
exception  of  the  cantilevered  portion,  will  be  raised.  The  cantilevend 
section  will  form  the  inside  of  the  new  tier  in^ch  will  continue  rising  to  tbe 
outer  chord. 

The  Chicago  footings  were  designed  to  carry  5000  lb.  per  sq.  ft. ;  but  boriiv 
in  Brooklyn  showed  that  the  soil  was  only  good  for  2000  lb.  per  sq.  ft.  Thii 
necessitated  the  enlarging  in  plan  of  380  footings  in  order  to  obtain  aufDdcnt 
carrying  capacity.  All  footings  over  8  X  8  ft.  in  plan  were  made  reinforoed- 
concrete  footings;  those  larger  were  made  al  plain  omciete  stepped  up  fkom 
the  base  to  the  column. 

Construction. — In  addition  to  the  feature  of  speed,  that  of  wrtAiwwf  organi- 
zation should  be  noted.  The  timber  was  cut  to  sixe  by  two  electric  hvL' 
The  lumber  and  reinforcing  rods  were  trucked  to  the  field  and  disbibuted 
where  needed.  The  plant  comprised  three  00-ft.  towers,  equipped  with  oon- 
crete  chutes,  96  ft.  long;  ^^-cu.  yd.  electrio-driven  mixers,  and  electric  hotalL 
The  plant  was  erected  at  the  exterior  chord  of  the  work  and  all  conerBtinK 
materials  were  delivered  at  the  plant. 

The  concrete  was  mixed  steadily  and  from  the  tower  was  conveyed  by  chnte 
to  a  central  wood  distributing-hopper  of  about  5-tons  capacity.  From  ttali 
hopper,  smaller  chutes  radiated.    The  hopper  acted  as  a  reducing  valve. 

The  main  chutes  were  set  at  an  inclination,  of  1:4  and  worked  satiafactorUy 
at  this  angle.  The  wetness  of  the  mix  was  varied  witii  tempei^^ive  in  onler 
to  secure  unifonn  flow.  The  slope  of  the  stand  was  also  about  1:4  and  it  was 
feared  that  the  wet  concrete  would  bulge  up  the  lower  steps  from  the  upper; 
but  by  pouring  the  concrete  in  the  upper-step  forms,  it  had  set  sufBdraUy 
when  it  reached  the  lower  step  to  prevent  the  expected  bulging. 

Tile  average  total  number  of  men  engaged  in  the  work  was  about  875, 
divided  as  follows:  carpenters,  250;  carpenter's  helpers,  60;  metal  lathen,  75; 
concrete  laborers,  150.  In  addition  to  these,  ;^here  were  about  15  timdceqwii, 
foremen  and  draftsmen.  The  men  engaged  in  concrete  woric  numbeired  660. 
The  balanco,  about  325,  were  bricklayers,  structural-steel  men,  painters, 
plumbers,  sheet-metal  men,  plasterers  and  laborers. 

Cost  of  the  Concrete  Palmer  Memorial  Stadium,  Princeton,  H.  J. — ^Engi- 
neering and  (/ontracting.  May  26,  1015,  gives  the  following: 

In  plan  the  Princeton  stadium  is  horseshoe-shaped,  with  two  stnight  psnl- 
lel  sides,  each  about  454  ft.  long,  connected  at  one  end  by  a  three-oenteied 
curved  portion.  The  total  length  of  the  structure  is  about  652  fL,  its  width, 
cenioT  to  center  of  outside  colunms,  is  520  ft.,  and  its  height,  to  the  top  of  tbs 
main  entrance  towers,  is  72  ft.  At  the  lower,  or  in8lde»  face  of  the  rtaiHnf" 
there  is  a  3-ft.  passageway  around  the  entire  structure.  The  dear  plsyhV 
field  is  about  250  ft.  wide  by  510  ft.  long.  The  structure  is  surrounded  hj  s 
high  iron  i)iclcet  fence  forming  an  enclosure  into  "H^iidL  the  miectatea  sn 
admitted  through  turnstiles  located  opposite  to  the  main  entnnoe  aft  the 
curved  end.  From  this  enclosure  the  people  enter  the  stailiiim  thzou^  M 
runways  located  at  uniform  distances  around  the  structure,  lliese  nunrayi 
are  inclines  and  extend  from  the  exterior  ground  level  to  openings  teflstnd  St 
about  mid-height  of  the  stadium. 

Construction  Features. — In  leveling  the  field  stesm  shomls  and  osrts 
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toTiDB  and  placing  the  reinforoement.  No  BUifaoe  flnUi  wsb  '^v'p^^f'^ 
needed,  the  concrete  filling  the  planed  fornu  to  perfection,  And  no  olijectioo 
being  advanced  to  the  appearance  of  the  grain  at  the  wood  on  the  eoiiaeta 
surfaces,  or  to  the  ridges  caused  by  the  Joints  between  the  bottrda. 

The  bin,  100  by  16  ft.  in  i>lan,  is  divided  into  four  oompartmenti,  tliB 
interior  dimensions  of  which  were  14  ft.  4  ins.  wide,  23  ft.  SJi  ins.  long  and  17 
ft.  deep.  The  bin  is  supported  on  18  columnH  34  by  24  ins.  and  26  It.  UfL 
The  whole  structure,  with  the  exception  of  roof,  is  of  leinforoed  concrete. 

A  reinforced  concrete  slab  roof  on  steel  trusses  was  *<*Hc"itd  for  the  Un, 
but  a  timber  and  slate  Mansard  roof  was  built  in  its  piaoe. 

The  following  data  show  the  cost  of  structure: 

Supervision  and  labor .* S2, 655.40 

Material  (sand,   cement,    stone,  steel  and  lumber). . .  2,568.01 

Freight  and  express 105. 54 

Electric  liftht 7. 25 

Hauling,  telegrams,  telephone,  mileasoi  gasoline,  oil  185.18 

Total  cost 85.612.28 

This  total  cost  was  distributed  as  follows: 

Supervision  (hours) 874 

Carpenters  (hoiirs) 3,886 

Steel  gang  (bending  and  placing)  (hours) •  1 ,  150 

Helpers  (hours) 110 

Laborers  (hours) 4,874 

Broken  stone  (cu.  yds.) 250 

Sand  (cu.  yds.) 118 

Concrete  (cu.  yds.) 415 

Reinforcing  steel  (lbs.) 45. 185 

Inch  lumber  (ft.  B.  M.) 16.700 

Timber,  ranging  from  2  by  4  to  4  by  6  (ft.  B.  M.) 16.000 

Molding,  >^  round,  etc.  (lin.  ft.) 8,000 

Cost  of  Concreting  Swimming  Pool  at  Rivarview  PariE*  ChlcagOd — ^EngillBer- 
ing  and  Contracting,  Nov.  3,  1015,  gives  the  following: 

The  pool  has  over-all  dimensions  of  148.25  ft.  long  by  85  ft.  wide  witli  wiDi 
varying  from  5  to  12  ft.  in  height.  (A  large  cut  abowisg  detailed  Hii^yipAtM 
and  type  of  reinforcement  is  given  in  BngiiijBeriiig  and  CcmtraoUivJ  Tbs 
capacity  of  the  tank  is  about  450.000  gals. 

The  form  work  was  all  done  in  one  week.  One  8  hr.  ditft  wag  woihad  per 
day.  The  concrete  was  all  placed  in  2H  days.  No  walenvpioaanc  i^flfnpffl'™' 
was  incorporated  in  the  concrete  but  as  soon  as  the  forms  wue  ranuived  the 
inside  surfaces  were  given  three  coats  of  Ironlte.  These  ooata  were  sniUed  in 
2  days'  time.  One  leak  developed  after  the  pool  was  filled.  It  waa  kwatsd  at 
the  junction  of  the  sidewall  and  the  floor.  The  leakage,  which  "»M»nr"*H  to  K 
in.  in  level  per  day,  was  not  large  enough  to  warrant  emptying  the  pool  fat 
making  repairs.  After  two  or  three  weeks'  servloe  the  leak  flOted  up  and  the 
flow  from  this  point  ceased.  The  pool  is  flUed  with  the  oompazattvely  olBsr 
water  drawn  from  the  Chicago  mains. 

All  the  concrete  was  mixed  in  a  ^-cu.  yd.  batch  miser  set  abooft  40  ft.  ontsids 
the  building.  A  runway  was  built  up  leading  from  the  mIsBr  to  the  fomilb 
Concrete  was  conveyed  from  mixer  to  fonns  in  Bansome  oonopBiliig  bi«iiH 
holding  6  cu.  ft.  each.  Two  extra  men  were  required  to  help  in  p^^tf^iig  tbs 
buggies  up  the  incline.    The  concrete  in  the  floor  WW  •&  cbutod  tO 
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to  0  ft.,6  ins.    The  forms  used  consisted  of  1  X  6-in.  sheathin^r  and  2  X  6-iii. 
studding  placed  16  ins.  on  centers. 

The  number  of  laborers  used  on  the  work  varied  considerably  as  this  Job 
was  only  a  i)art  of  the  work  on  a  large  building  and  men  were  put  on  and  taken 
away  as  necessity  required.  The  largest  number  used  on  the  excavation  at 
any  one  time,  however,  was  25  men.  Common  labor  at  37H  cts.  per  hour 
was  used  for  excavating  and  concreting  and  carpenters  at  62>^  cts.  an  hour 
built  the  forms.  The  costs  of  all  labor  was  accurately  distributed  and  resulted 
as  follows : 

90  points  at  Sl.OO  each $  96.00 

2,r)00  sq.  ft.  sheet  piling  at  $0.07 175. 00 

800  cu.  yds.  excavation  at  $0.20 160. 00 

70  cu.  yds.  floor  slab  at  $0.65 45. 60 

150  cu.  yds.  walls  at  $0.75 112. 50 

3,000  sq.  ft.  forms  at  $0.04K 185.00 

Total  labor  cost $724. 00 

The  pumps  were  worked  continuously  in  3  shifts  of  8  hours  each.  The  coat 
of  the  labor  and  piunping  amounted  to  about  $800. 

One  foreman  at  $8  per  day  was  also  charged  to  the  work. 
A  coat  of  Hydrolithic  waterproofing  cement  was  put  on  the  interior  surfaces, 
after  which  a  veneer  wall  of  white  enameled  brick  was  laid. 

Cost  of  Out-Door  Swimming  Pool. — Engineering  and  Contracting,.  Dec. 
10,  1919,  gives  the  following: 

The  Clifton  Park  swimming  pool  in  Baltimore,  Md.,  is  one  of  the  largest 
artificial  pools  in  the  United  ;:itates.  It  was  constructed  in  1915  under  the 
plans  of  the  engineer  of  the  City  Plant  Department,  which  has  charge  of  the 
operation  of  the  pool. 

Site  of  Pool. — The  area  selected  for  the  pool  construction  vas  triangular  in 
shape,  bounded  on  two  &i;/tv.ijv  city  streets  intersecting  at  right  angles,  with 
a  high  railroad  embankment,  along  the  Oother  side,  containing  about  9  acres. 
The  construction  of  the  highways  was  upon  liiit'u(  ground  similar  to  the  railway 
embankment,  but  of  much  less  elevation,  so  that  atjie  area  without  drainage 
would  have  formed  a  natural  pond  or  pool. 

General  Features  of  Pool. — The  pool  is  elliptical  in  shape>.  with  a  TnATimiiTn 
diameter  of  595  ft.  and  a  minimum  diameter  of  340  ft.  '\ 

The  deep  water  section  of  the  pool  is  also  elliptical  in  shai)e,  wil^  a  TninimnTn 
diameter  of  170  ft.  and  a  maximum  diameter  of  356  ft.  This  ^eep  water 
ellipse  is  at  one  side  of  the  pool  area,  and  from  the  line  of  this  ellipse  rfhe  depth 
increases  at  a  10  per  cent  grade.  From  the  shallow  edge  of  the  poo^  to  the 
deep  water  ellipse,  the  grade  one-half  of  the  way  is  1  per  cent  and  for  t^he  bal- 
ance of  the  way  1>2  P*jr  cent.  ^ 

The  maximum  depth  is  9  ft.  and  the  minimmn  3  in.  The  pool  has  a  CkApao- 
ity  of  4,500,000  gals.,  with  a  water  area,  when  filled,  of  3%©  acres.  - 

The  water  supply  is  obtained  through  the  city  reservoir  and  filtration  plaint 
from  the  Gunpowder  River.  The  water  is  supplied  through  one  8-in.  inlc^t 
pipe  and  through  one  noodle  shower  with  IM-in.  supply  pipe.  There  is  one 
outlet  or  drain  pipe  14  ins.  in  diameter.  By  regulation  of  inlet  and  drain  valves 
there  is  a  constant  circulaticm  of  water,  and  the  pool  is  emptied  and  cleaned 
annually.  The  city  filtration  is  depended  on  for  the  purity  of  the  water  and 
chemicals  are  not  used.  Bacteriological  tests  of  the  water  have  never  been 
made. 
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Electric  Lighting  and  Water  Supply  Pipe. — ^Electiic  ligfating  was  installedby 
park  electrician  on  force  accoimt,  at  a  cost  for  material  and  labor,  aa  foUowi: 

18  cast  iron  poets  in  place,  $27 $    486 

3,942  lin.  ft.  of  cable  in  place  at  10  cts.  per  ft aM 

18  lamps  at  $4.14  eacn 74 

18  globes  in  place  at  $4  each 7S 

18  transformers  at  $0.2777 96 

18  switches  at  $4.50  each 81 

The  cost  of  water  supply,  connection  made  by  the  Municipal  Water  Depart- 
ment, was  as  follows: 

Labor S100.78 

Material IJSO 


Total $268.93 

The  total  cost  of  the  pool,  including  lighting  equipment,  but  not  »nrfiMHii| 
showers,  diving  rafts,  dresshig  rooms  or  oth^r  equipment,  was  $81,946. 

Operation  of  Pool. — All  bathers  are  required  to  pass  under  showerB  befdn 
entering  the  pool,  and  the  use  of  soap  is  strictly  forbidden.  The  average  dally 
attendance  during  100  days  of  operation  in  1918  was  900  penonB,  and  the 
average  during  the  first  50  days  of  operation  in  1919,  1,400  peraoni.  The 
maximum  daily  use  of  the  pool  in  1918  was  4,264  persons  on  August  6th,  and 
in  1919,  4,674  persons  on  July  5th.  The  pool  is  opened  during  the  first  wade 
in  June,  and  is  continuously  operated  for  a  period  of  approximately  100  days. 

During  the  winter  months  the  pool  is  available  for  dcating  wbfBa.  loe  fraeses 
a  sufficient  thickness,  which  is  very  seldom. 

There  is  a  concrete  pool  building  constructed  at  a  cost  of  $46,000,  In  whidi 
there  are  four  showers  and  949  steel  lockers  of  the  beat  grade,  with  toilet 
facilities,  and  with  ample  accommodations  for  handling  bathing  Butts,  ele. 
The  building  contains  a  steam  laundering  and  drying  plant,  with  the  most 
up-to-date  equipment.  There  are  two  frame  wing  additions  to  the  OMMaete 
building,  in  which  there  are  dressing  compartments  and  racks.  In  which  booBBS 
are  used  for  checking  clothing  as  a  substitute  fbr  steel  lodnn.  lliese  two 
wings  cost  $10,000,  and  will  accommodate  i^  one  time  2«400  peiauns  or  a 
maximum  of  24,000  persons  on  any  one  day.  The  operating  organhntlan  li 
under  the  Superintendent  of  Clifton  Park,  and  the  employees  are  dansHIrd  sad 
paid  as  follows: 


1  Manaj^er 880.00 

1  Engineer  (laundry  machine) 90.00 

1  Head  life  guard 18. 00 

8  Life  guards 10. 00 

8  Lockcrmcn 16.00 

1  Head  woman  attendant 14. 00 

1  Ticket  cashier 12.00 

7  Women  helpers 10. 00 


The  annual  cost  of  operating  the  pool  is  something  In  taoam  of  81S,000  per 
year.  The  exact  cost  is  not  known,  owing  to  the  feet  that  the  pod  baa  not 
been  in  operation  under  park  management  long  enoui^  to«Aow  the  ilmiifnia 
tion  cost  of  towels  and  bathing  suits.  The  receipts  from  the  GUttoa  pod  In 
1918  (the  first  year  of  park  operation)  were  $4,076.96,  and  the  total  patraos. 
not  counting  free  entries  from  charitable  instituticOi,  88305 
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The  concrete  in  this  work  was  mixed  with  a  Cube  mixer.    The  coBta  of  the 

work  were  as  follows: 

Per 
Labor  Total       ou.  yd. 

Engineering $14.20  S0.329 

Foreman 8.26  0.075 

Common  labor,  39?8  daya  at  $2 79.25  1.884 

Total  Ubor $  06.70  «8.888 

Cement,  52  bbls.  at  $1.3') $  70.20  $1,825 

Gravel,  27  cu.  yds.  at  $1.0,"i 44.  55  1.082 

Sand,  18  cu.  yds.  at  $1.0') 29.70  0.888 

Lumber 4.50  O.IM 

Expanded  metal  and  pipe 45. 00  1 . 012 

Tools 5.80  0.184 

Total  material $109. 75       $4,825 

Grand  total $296.55       $6,888 

Total  cost  per  uq.  ft.  of  area $0. 12424 

Some  time  later  in  the  season  the  above  wading  pool  was  improved  by  the 

building  of  a  small  irregular  shaped  wall  enclosing  a  sand  court  at  one  and  of 

the  pool.     The  wall  was  built  rectangular , in  cross  aection  (6'  X  15')  and 

67  ft.  in  length.     Its  cost  was  as  follows: 

Per 
Labor:  Total         lin.  ft 

Foreman.  1  day  at  $3.00 $  8.00  $0,054 

Common  labor.  8  daya  at  $2.00 16. 00  0.281 

Finisher.  2H  days  at  $2.2.5 4.80  0.084 

Carpenters.  2>^  days  at  $4.80 12.00  0.210 

Total  labor $85.80  $0,620 

Material: 

Lumber.  250  ft.  B.  M.  at  $26 $  6.25  $0,110 

Cement.  6>^  bbls.  at  $1.35 8.44  0. 140 

Sand.  3  yds.  at  $1.«5 4.06  0.087 

Gravel.  5  yds.  at  $1.60 8.00  0.140 

.Tools 1.21  0.021 

Total  material $28.85         $0,807 

Grand  total $1,880 


Costs  of  Encasing  Steel  Strttctores  in  Concrete  to  Prevent 
Two  methods  of  encasing  steel  structures  in  concrete,  namely  eniauMmeiit  by 
pouring  and  encasement  by  cement  gun,  are  discuned  tn  one  of  the  qipendlm 
of  the  report  of  the  Committee  on  Steel  Structures  of  the  Americui  Rallwaj 
Engineering  A.ssociation,  of  which  report,  Engineering  and  Contraetliig  April 
15,  1914  gives  the  following  abstract: 

1.  If  the  floor  is  protected  by  concrete  encasement  poured  In  plaoa.  ths 
cost  will  be  approximately  25  cts.  per  square  foot  for  an  envelope  8  Ins.  tbidL 

2.  Encasement  3  ins.  thick  placed  by  cement  gmi  wHl  cost  apprazbnalely 
23  cts.  per  square  foot. 

Si)ocific  data  on  concrete  encasement  work  are  given  by  W.  F.  JocdiBt 
manager  Grand  Central  Terminal  Improvements,  New  Yoik  CSentnl  * 
Hudson  River  R.  R.  and  by  G.  E.  Tebbetts,  Bridge  Engineer,  Kansas  Gttr 
Terminal  Ry.,  as  follows: 

Cwrand  Central  Terminal. — The  cement  gun  Is  being  used  Kt  the  QraiMl 
Central  Terminal  for  fircprooflng  and  protectUig  a  part  of  the  steel  stnietuie. 
The  yard  is  in  two  stories,  the  upper  tracks  being  supported  on  a  steel 
structure  with  concrete  jack-arches.  It  was  necessary  to  get  tbe  upper  tcacia 
in  service  at  an  early  date,  so  the  fireproofing  of  the  exposed  parts  of  tbe  ited 
below  the  jack-arches  was  not  done  at  the  time  the  floor  was  built. 
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Encaarment  by  Pouring  in  Fornu. — Encasement  to  be  3  in.  in  thickness; 
mixture  to  be  1:2:4  concrete;  reinforcement,  wire  mesh  and  bars. 

Stone,  1  cu.  yd.  at  $1.25 $1.25 

Unloading  1  cu.  yd.  at  20  ct« .20 

Loss  in  handling  at  5  per  cent 07 

Sand,  >2  cu.  yd.  at  60  cts 30 

Unloading  >2  tu.  yd.  at  Gets 03 

Loss  in  handling  at  5  per  cent .02 

Cement,  l^i  bbls.  at  $1.25 2. 10 

Unloading  l^i  bbls.  at  5  cts 09 

Loss  in  sacks  at  5  per  cent 03 

Total $4718 

1  cu.  yd.  equal  to  108  sq.  ft.    3  in.  thick. 

Cost  of  material  per  sq.  ft $0,039 

Forms  l.()3 ft.  B.  M.  at  $0.050 081 

Mixing  and  placing  at  $5.40  per  cu.  yd .050 

Insurance  on  payroll  at  5  per  cent .003 

Overhead  and  profit  at  8  per  cent  +  15  per  cent  =  23  per  $0. 173 
cent .040 

Cost  prr  sq.  ft.  of  encasement  =  $0,216. 

Encasement  per  sq.  ft $0. 216 

Mesh  No.  3  at  $0.06 018 

Bars,  No.  5,  at  $0.03 .015 

Total  cost  per  sq.  ft $0. 249 

Say,  25  cents  per  square  foot. 

Encasement  by  Use  of  Cement  Gun. — Encasement  to  be  3  ins.  in  thickness; 
mixture  1 : 3  iiiortar;  reinforcement,  wire  mesh  and  bars  Avera^  number  of 
squarti  feet  covered  in  a  day  of  10  hours,  275  sq.  ft.  Loss  due  to  gun  work, 
20  per  c^nt.  Loss  due  to  handling  sand,  30  per  cent.  Quantity  of  sand  used 
in  placing  275  sq.  ft.  3  ins.  thick,  4  cu.  yds. 

Sand.  4  cu.  yds.  at  $0.60 $  2. 40 

Unloading  and  screening  4  yds.  at  $0.25 1 .00 

Cement.  5>.i  bbls.  at  $1.25 6.88 

Unloading  5  4  bbls.  at  $0.15 .83 

Loss  in  sacks  at  5  per  cent .11 

Water,  per  day .15 

Gasoline  for  compressor,  12  gals,  at  $0.15^ 1 .  86 

Oil  waste  and  handling  per  d^y .60 

$13.83 

1  foreman,  10  hrs.    at  37.5  cts $  3.75 

1  finisher,  10  hrs.    at  35  cts 3. 50 

1  nozzloman,  10  hrs.    at  32.5  cts 3-25 

1  gunman ,  10  hrs.    at  30  cts 3 .  00 

2  laborers,  10  hours   at  22.5  cts 4.50 

1  boy,  10  hrs.    at  12M  eta 1.25 

$19.25 

Repairs,  etc..  per  day $2.00 

Sc-afTolding  for  275  sq.  ft.  at  $0.15 4.13 

6.13 

Interest  on  gun,  $3,000  at  5  per  cent $0.41 

Insurance  on  payroll  at  5  per  cent 97 

^88 

Total $40. 59 

Overhead   and  profit  8  per  cent  and  25  per  cent  —  33 

I)('r  cent 13.53 

Cost  of  encasement $64. 13 

Coyf  per  sq.  ft $  0. 1968 

Mesh  No.  :i    per  sq.  ft.  at  $0.06 018  « 

Bars,  No.  5,  per  sq.  ft.  at  $0.03 .015  r 

tO.2298 

Say.  2.3  rents  per  S(iuare  foot.  « 
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ment  required  the  building  of  a  cofferdam  inclosing  an  area  of  22.51  acres. 
The  cofferdam  was  commenced  in  December,  1907,  and  it  was  practically 
completed  in  the  sunmier  of  1909.  The  total  length  of  new  cofferdam  con- 
struction was  3,150  ft.,  while  1,074  ft.  of  existing  wall  and  671  ft.  of  old  dam 
brought  the  total  length  of  water-excluding  wall  to  5,281  ft.  The  methods 
employed  in  building  the  cofferdam  are  described  by  W.  J.  Graves,  U.  S. 
Assistant  Engineer,  in  the  May-June  Professional  Memoirs.  The  matter  that 
follows  is  taken  from  an  abstract  of  Mr.  Graves'  paper  published  in  Engineer- 
ing and  Contracting,  June  20,  1917. 

The  dam  was  designed  and  built  in  nine  different  sections.  These  sections 
were  of  different  types  of  construction,  built  by  different  methods,  and  at 
various  seasons  of  the  year,  as  seemed  most  expedient.  Some  sections  were 
built  by  hired  labor,  some  under  small  contracts  and  others  by  a  combination 
of  the  two  methods.  One  feature  conunon  to  all  sections  was  the  placing  of 
backfilling  and  crib-filling  under  minor  contracts  for  "lock  pit  excavation,*' 
let  from  time  to  time  as  the  material  was  needed.  Considerable  saving  in 
cost  was  thereby  effected,  as  the  material  was  dumped  without  cost  other  than 
for  excavation. 

The  types  of  construction  are  shown  in  Fig.  2  and  varied  from  timbe;  crib 
rock-filled  structure,  subject  to  a  direct  pressure  of  23  ft.  head,  to  land  portions 
of  clay  puddle  wall,  only  a  few  feet  high,  to  prevent  possible  seepage  through 
existing  embankment  60  ft.  or  more  in  width. 

Costs. — Table  I  gives  a  summary  of  the  costs  of  constructing  the  cofferdams. 

Table  II.-  -Distribution  of  Costs  of  Constructing  Cofferdam  Inclosing 

Lock  Pit  at  Sault  Ste.  Marie,  Mich. 

Name  of  soction  and  kind  of  con-  Labor  and 

struction                              Excav.  supplies     Materials  Total 
Southeast  cofTordam: 

1.  Clav  wall  antl  oak  shoot  piles $2,676        $2,224  $  4  ,900 

2.  Steel  sheet  piling 1,007          6,358  6,365 

East  erib  dam $10, 154a  6,200          4,311  20,665 

North  crib  dam,  timber 5,2866  6,213          5,198  16,697 

North  cofferdam — clay  wall 8 ,  978c  1 ,  092d        4 ,  326«  14 ,  396 

Northwest  cofferdam — clay  wall 3,744  3,466          3.471  10.680 

West  cofferdam — clay  wall 711             572          1 ,924  3.207 

Southwest  cofferdam — clay  wall 1,934/                  1 ,522  13,456 

o  Contract  dredging — 15,597  cu.  yds. 

b  Contract  dredging — 10,528  cu.  yds. 

c  Excavating  trench — 2,845  cu.  yd.  (frozen  gravel)8. 

Labor $7,677 

Sui)plies 756 

Stripping     boulders     from     1.15     acres     of    ground    (721     cu.    yds-). 
9  men  for  1  month $  645 .  00 

$8.Q78 

d  Labor  backfilling. 
e  7,790  cu.  yds.  clay. 
/  (503  cu.  yds.  (frozen  embankment.) 

Th(»  last  {'oluiiin  of  Table  I  gives  the  cost  per  square  foot  of  vertical  face 
area  of  completed  wall.  This  unit  cost  seems  the  best  basis  of  comparing  the 
relative  cost  of  the  different  types.  It  wiU  be  seen  that  simple  clay  puddle 
walls,  without  sheathing,  cost  93  to  97  cts. 

The  constniction  of  the  north  dam  demonstrated  that  certain  kinds  of 
work  could,  under  existing  conditions,  be  carried  out  cheaper  in  winter.  For 
example:  The  amount  saved  in  pumping  was  greater  than  the  added  expeiwe 
of  drilling  and  blasting  frozen  material.  And  again,  the  winter  cost  of  clay 
d>*livery,  when  5  yds.  could  be  hauled  at  each  load  across  the  ice  without  le- 
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Under  the  contract  for  lock  masonry,  the  pumping  during  858  days  (Oct. 
23,  1911,  to  March  1,  1914),  amounted  to  1,094,760,000  gals.,  and  cost  the 
contractor  as  follows: 

Labor $12,208 

Electric,  power  (at  1  ct.  per  kw.  hour) 8,221 

Supplies,  fuel  and  repairs 2 ,  052 

Overhead  charges: 

Interest  and  depreciation $1 ,012 

Dismantling  (assumed) 300 

1,312 

Total  cost $23,793 

or  $0.0217  per  1,000  gals.,  or  $27.85  per  calendar  day. 

The  battery  of  pumps  originally  installed  was  as  follows: 

One  10-in.  centrifugal  with  100-h.p.  motor 
One    8-in.  centrifugal  with    85-h.p.  motor 
One    6-in.  centrifugal  with    50-h.p.  motor 
One    5-in.  centrifugal  with    20-h.p.  motor  and 
One    4-in.  centrifugal  with    15-h.p.  motor 

The  maximum  battery  required  at  any  one  time  consisted  o(  the  four  latter 
pumps,  the  10-in.  being  a  reserve  imlt  for  emergency. 

The  volume  of  pumping  varied  from  a  minimum  daily  average  of  about  8fiO, 
000  gals,  in  winter,  while  the  adjoining  canal  was  imwatered,  to  a  maximuin 
daily  average  of  about  3,000,000  gals,  during  the  summer.  The  maximuin  for 
any  one  day  was  about  4,000,000  gals. 

Cost  of  Steel  Cofferdam  of  the  Pocket  Type. — ^A  steel  cofferdam  of  the 
pocket  type  was  used  in  the  construction  of  Lock  No.  2,  Cape  Fear  RiTer,  N. 
C,  for  the  U.  S.  Government.    Double  rows  of  Lackawanna  sheet  piling 
connected  at  intervals  by  transverse  rows,  were  driven  around  the  lock  site. 
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FiQ.  3. — Plan  and  section  of  cofferdam  and  lock. 


The  pockets  thus  formed  were  of  such  dimensions  that  when  filled  with  earth 
they  could  resist  the  unbalanced  pressure  on  the  cofferdam  without  support. 
As  the  steel  on  the  land  side  was  driven  well  back  into  the  river  bank  where 
the  ground  was  level  with  the  tops  of  the  pockets,  no  filling  was  necessaiy 
on  this  side.  The  river  pockets  were  filled  with  material  dredged  in  the  coffer- 
dam enclosure.  The  following  description  of  the  methods  employed  in  the 
construction  of  the  cofferdam  is  taken  from  an  abstract  in  Engineering  and 
Contracting,  Jan.  17,  1917,  of  an  article  by  Norman  M.  Chivers,  Assistant 
Engineer,  in  the  Sept.-Oct.  Professional  Memoirs. 

The  general  arrangement  of  the  cofferdam  is  shown  in  Fig.  3.  The  pockets 
were  of  two  types.  Those  at  the  upper  end  had  parallel  inside  and  outside 
walls  tied  together  by  walings  and  steel  cables  and  rods.    The  other  pockets 
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upper  and  lower  ends  to  enable  the  pile  drivers  mounted  on  scows  to  continue 
the  coffer  walls  out  into  the  river. 

The  floating  rig  being  more  flexible  than  that  used  on  the  land,  and  the 
penetration  less,  varying  from  18  to  21  ft.,  driving  was  faster.  The  smaller 
hammer  drove  an  average  of  17  piles  per  Id-hour  day,  and  the  laige  h^Mninpr 
20.5  per  16-hour  day. 

The  curved  panels  of  the  river  wall  were  driven  to  a  templet  floating  on  the 
convex  side  of  the  arcs  and  held  in  place  by  adjustable  bracing  to  woodea 
guide  piles  located  inside  the  cofferdam  endosuie  opposite  and  in  Une  with 
the  cross  walls.  The  bracing  was  so  arranged  that  the  templet  could  rise  and 
fall  with  varying  stages  of  the  river.  Alignment  oi  the  templet  was  secured 
by  means  of  points  established  by  triangulation  on  brackets  nailed  to  the 
wooden  piles. 

The  closure  of  all  pockets  was  made  by  a  large  hammyer.  This  was  mak 
which  re(iuired  a  great  deal  of  time  and  care.  It  was  found  to  be  very  dlfflcult 
to  keep  the  piling  always  vertical,  as  a  leaning  tendency  often  developed  in 
the  direction  of  the  driving.  This  lean  gave  trouble  in  dosing.  In  four 
instances  specially  fabricated  wedge-shape  piles  had  to  be  used.  AH  of  the 
pockets  were  closed  on  the  outside  wall.  Driving  proceeded  alternately  on 
the  rear  and  cross  walls  of  a  pocket  until  only  the  four  piles  nearest  a  comer 
remained.  These  last  four  piles  were  then  entered,  but  not  driven  to  grade 
until  all  were  in  place.  Driving  in  succession  each  pile  a  few  feet  at  a  time 
completed  the  closure. 

Diagonal  steel  channel  walings  were  provided  for  all  the  cross  walls,  the 
holes  for  the  fastening  bolts  in  the  piling  being  burned  through  with  oiy- 
acetylene  flame.  The  function  of  these  walings  was  to  prevent  sliding  of  one 
interlock  on  another,  due  to  the  over-turning  force  onihe  backs  of  the  podceti. 
In  this  they  were  only  partly  suooessful,  as  will  be  noted  later. 

A  gap  was  left  at  the  lower  end  of  the  cofferdam  for  the  pluwnge  of  the 
dredge  which  excavated  the  enclosure  and  the  pile  drivers  which  drove  the 
foundation  piles.  The  dredging  was  done  prindpally  by  the  Vingiwwmr 
Department  Dredge  Ajax,  with  a  5-yd.  dam-shell  bucket.  Approximately  half 
of  the  material  removed,  sand  and  clay,  was  used  to  fill  the  podcets  at  an 
average  cost  of  26>2  cts.  per  yard.  The  plana  required  a  level  bottom  evexy- 
where.  Considerable  material  immediately  next  to  the  sted  could  not  be 
handled  by  a  large  clam-shell  bucket,  and  had  first  to  be  loosened  by  Jetting, 
and  then  taken  out  with  a  H-yd-  orange-ped  bucket.  Some  blasting  also  wu 
required  in  a  small  shelf  of  marl  encountered  in  the  lower  wing.  These  open- 
tions,  together  with  the  fact  that  the  over-<lepth  allowance  made  for  shnsllng 
during  pile  driving  proved  insuffident,  necessitating  further  dredging  bf 
siphon  in  tho.se  areas  where  piles  had  been  driven,  and  by  the  AJaz  in  otiier 
places,  greatly  increased  the  cost  of  excavation.  The  total  average  unit  cost 
of  material  removed  was  46H  cts.  per  yard. 

As  dredging  proceeded  in  front  of  the  land  wall,  a  serious  movenieoft  of  four 
of  the  pockets  at  the  upstream  end  was  noted,  showing  a  tendency  to  tun 
over  in  the  direction  of  the  lockpit.  The  earth  back  of  these  poc^uts  had 
not  been  disturbed  in  any  way  and  was  not  surcharged.  No  similaT  movenMOt 
occurred  at  the  lower  end  of  the  wall,  although  here  about  2.600  wooden  pOea 
were  stacked  immediately  back  of  the  sted.  An  ftramlnation  of  the  walingi 
on  the  cross  walls  of  the  leaning  pockets  showed  that  all  of  the  fastoilng  boUa  j 
had  .><heured  off.  As  it  was  not  found  practicable  to  put  In  enough  botts  to  j 
withstand  the  stress,  it  was  decided  to  relieve  partially  the  proeeute  on  Um     | 
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•':  c  •■'-.  £•-':?  The  annual  coat  of  structures  hmvins  a  Iif«  of  £roci 

«  ^  J  j71;  ■       ^^'*  ***  thirty  jean  and  a  first  cost  of  frtxn  10  to  flO 

"^       '  ""         units  fdollars  or  cents;  is  given  in  Table  III.  from  the 

,^  Ti'-r^7.'^%Vi       report   of   the  committee  on  preservation  of  timber 

prfuiented  at  the   1914  convention   of   the  Amexican 

^  ^       Railway   Bridge  and  Building  Association.     UtiliziiiK 

c  '^^i-fisx       this  table,  which  is  applicable  to  structures  of  various 

types,  the  committee  analyzes  the  saving  in  the  nse  of 
treated  piles  for  trestles  on  the  Southern  Pacific. 

The  Southern  Pacific,  accordin^r  to  the  report,  hw 
about  105,000  creosoted  Douglas-fir  pQes  in  trestles. 
2  xitLS^^^iS  They  were  treated  by  the  boiling  process,  and  range 
c^^?ico-r>o  ^^  ^^  tTom.  one  to  twenty-three  years,  with  probably 
more  than  two-thirds  of  them  over  twelve  years  oM. 
'-^  ^llS.'^^n  Of  this  number  not  more  than  500  have  ever  been 
d^?ieo*f>o  replaced  on  account  of  decay,  and  many  of  those 
»  <Mfi.c%^c$  twenty  years  old  are  as  good  as  when  driven.  The 
^  »>5r:,o»55  committee  does  not  doubt  that  they  will  be  good  fdr 
o  o  w  eo  'I'  "o  ^j  jgj^^  thirty  years,  and  estimates  the  life  of  the  same 
0  .  « "2  -^  ?i  X  -t«  ^  i^  timber  untreated  as  eight  years. 
*    S^^d^c^Mf'"^  Assuming  these  piles  to  average  40 ft.  in  length. each 

«    ^'     '^  I)ile,  at  10  cts.  per  foot,  would  cost  $4.     The  driving 

«  -^:S  ^l^S^SSS  would  cost  $6,  making  the  total  of  SIO  per  pile.  If 
S  ;s  6^c\n^^  such  a  pile  would  last  eight  years,  its  cost,  as  shown 
^  "Seo  o «»'«««*«  ^^  *^®  iv^i\<t,  would  be  $1.55  per  year.  Similarly,  i 
u  ja-«o^^^««  40-ft.  creosoted  pile,  at  30  cts.  per  foot,  costs  IIS. 
g  g  ^cseo-t;.©©  which,  added  to  the  $6  for  driving,  makes  a  total  of 
^^  J!i'^<  <*»'«'«  ^t^  '^^'  ^'  ^^®  pile  will  last  thirty  years,  the  annual  cost 
-  "  I^^l!!!!!^^2  ^^^  ^  •^•^'^-  '^*^®  difference  is  88  cts.  per  pile,  or 
^ci    "*  "^  nearly  $40,000  per  year  for  the  entire  105.000  piles. 

n  ci^^xoci  Costs  of  Treating  Seasoned  and  Vnaeasoned  Ties.— 

^i>\n^6t^       F.  J.  Angler  gives  the  following  data  In  Engineering 
M  ,«       Rwjord,  Jan.  20,  1912. 
2  S^oo-;^t»  An  unseasoned  tie  Is  generally  taken  to  mean  one 

^c^co'odbJ       freshly  cut,  or  one  where  the  sapwood  Is  so  completdy 
^  ^  M  w  ^  -*       filled  with  moisture  that  It  would  be  impossible  to  tnat 
o>  ^xcNoo^       tho  tie  thoroughly  untU  this  moisture  had  been  at 
^'N-^'ot^oo       ^^^^  partially  removed.    A  seasoned  tie   is  one  tbat 
^  l^SS^rte^       ^^^^  ^>^^  ^^^  ^^^  some  time  and  the  molstuie  allowed 
!^w^dt^»       to  evaporate  to  a  greater  or  less  degree.     The  time 
M  r  00  ^  ^  r^       iM»cf!HHary  to  season  a  tie  so  that  it  ■  can  be  pn^wily 
tn>ate(l  varies  in  different  localities,  as  well  as  in  dUfBE^ 
out  Heosons  and  with  different  kinds  of  wood.   At  a 
^  o^SxxS       fn-lr  average  It  requires  six  hours  to  treat  achaigeof 
^^"^t^c:-;       thoroughly  seasoned  ties  and  nine  houre  to  treat  a 
^       churco  of  unseasoned  ties.    The  treatment  referred  to 
cc  c  b  ^4  >H  «       is  with  a  mixture  or  creosote  and  zinc-chloride,  known 
<N  '^  ;r  ci  -^  w       as  the  canl  process.    At  this  rate  the  oost  of  treating 
2-e-----^       in  a  plant  having  a  maximum  caiwcity  of  13OO.O00 
S  g  ^^iro^^iScS       seasoned  ties  a  year  Is  as  given  in  Table  IV,  and  the 
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salaries  of  the  superintendent,  general  foreman,  oiBoe  force,  engineers  and 
finunen,  or  ail  labor  which  would  not  change,  whether  treating  seasoned  or 
unseasoned  ties.  In  the  case  of  seasoned  ties,  where  no  steaming  Is  dooe.  it 
is  aiMunie<l  that  insurance  is  carried  on  1.000,000  ties  for  six  months  and  that 
$250,000.00  will  be  continually  invested  at  5  per  cent.  In  the  case  of  unsea- 
soned ties  at  least  300,000  will  always  be  in  the  yard. 

The  figure  $0,044  as  the  annual  saving  in  a  treated  tie  is  derived  In  TaMe  VI. 

In  addition  to  the  direct  saving  at  the  plant  there  is  a  better  penetration  of 
the  preservatives,  and  a  longer  life  and  lessened  possibility  of  injury  by  steun- 
ing.  When  steaming  there  is  alwasrs  a  large  amount  of  sewage  to  dispose  of, 
while  in  non-steaming  there  is  practically  none.  The  disposition  of  sewife 
is  a  difficult  problem  at  most  plants,  often  leading  to  damage  suits. 

The  Operating  Cost  of  Open-Tank  Creosotisig  Plant. — ^In  Engineering 
News-Record,  July  26,  1017,  C.  G.  Benham  gives  the  following. 

Open-tank  treatment  of  timber  is  desirable  for  interurban  and  the  smsOer 
steam  railroads  that  have  a  number  of  timber  bridges  uid  other  timber  struc- 
tures to  maintain.  Such  a  plant,  as  here  described,  is  convenient  for  trsatlng 
fence  po.st8,  paving  blocks  and  the  like  on  very  short  notice. 

The  Virginia  Railway  and  Power  Co.  has  operated  an  open-tank  treating 
plant  at  Norfolk,  Va.,  since  May  1,  1014,  using  dead  oil  of  coal  tar  from  its 
own  gas-works  as  a  preservative.  Water-gas  tar  was  tried  as  an  experiment 
for  a  few  months  and  finally  abandoned  because  of  the  small  saving  and  its 
doubtful  value.  • 

Yellow  pine,  mostly  of  merchantable  grade,  has  been  the  only  species  of 
timber  treated  in  the  open  tank,  and  has  varied  in  size  from  2  X  4-in.  to 
14  X  14-in.  timber  of  all  lengths.  A  number  of  pine  poles  have  also  been 
satisfactorily  treated.  The  penetration  obtained  has  been  ftom  12  to  20  Iba 
per  cu.  ft.  of  timl)er.  Well-seasoned  timber  is  desirable  for  open-tank  treat- 
ment; in  the  case  of  green  timber  it  is  necessary  to  keep  it  in  the  tanks  until 
it  becomes  well  seasoned  from  the  heated  oil. 

The  method  of  treatment  is,  first,  to  place  the  timber  in  the  tank  and  welglU 
it  to  prevent  flouting,  and  then  cover  it  with  oU.  The  steam  is  turned  on  fbr 
about  eight  hours,  at  approximately  100  lb.  pressure,  the  oil  being  kept  at 
about  20()°F.  The  steam  is  then  cut  off  and  the  oil  and  timber  are  aUomd 
to  cool  over  night.  The  next  day  the  timber  is  removed  from  the  tank  and 
placed  on  the  storage  piles  by  the  derrick  boom. 

The  following  figures  give  the  actual  cost  of  treating  at  this  plant  for  one 
montli.  One  foreman  (who  also  operates  the  electric  derrick)  at  18.  oat 
fireman  at  $1.50  and  four  laborers  at  $1.50  per  day  are  required,  woxklng  under 
the  bridge  sui)ervisor.  A  total  of  39,098  ft.  B.  M.  was  treated.  The  eostt 
were  as  follows: 

Costpcr 

Item  ToUl       M.Ft.B.M. 

Dead  oil  of  coal  tar  7,375  gals,  at  6H  eta $479.88  $12.31 

C'oal.  (i.SOO  lbs.  at  $3  p«'r  ton 9. 10  .88 

Jjabor,  iiK'lutiinK  foronmn 83. SO  2.14 

Maintonanoj*  of  plant 20.00  .51 

Interest  on  $3,000  invt*8tnient 15.00  .88 

Total  exponwe  for  one  month $806.98  $15.49* 

AveraKe  i)enetration,  19.C  lbs.  per  cu.  ft.  of  timber. 

*  No  allowance  for  depreciation  has  been  ineluded  in  the  dkaiges. 
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edge.     In  one  of  the  grooves  a  spline  1  X  l^  in.  shall  be  spiked  to  fonn  a 
tongue. 

Treatment. — ^All  sheeting  shall  be  dipped  such  that  the  upper  15  ft.  be 
immersed  for  at  least  twenty  minutes  in  Avenarius  Carbolineum,  which  shall 
be  kept  at  a  temperature  of  212  to  220*'F.  during  the  dipping.  The  heat^ 
ing  to  be  accomplished  by  steam  coils.  (This  was  not  done.)  ManufM- 
turers  estimate  that  the  amount  of  Carbolineum  necessary  for  this  treatment 
will  be  IH  lbs.  per  cubic  foot  of  lumber  treated.  The  Carbolineum  must  be 
brought  to  the  dipping  station  in  the  original  containers  and  must  give  the 
following  analysis  and  qualities: 

Specific  gravity  at  17*0 1 .  128 

Viscosity  (watcr-1 ) 10. 0 

Flashing  point  *»C 146. 0 

Burning  point  °C 210.0 

Distillate  below  235°C.,  per  cent 0.44 

Distillate  between  235  °C.  and  300  °C..  per  oent 7 .  60 

Residue  above  300^C.  (clear  red  brown),  per  cent 02 .  01 

Mineral  matter  (ash),  per  cent 0. 10 

Naphthalene  (210-230°C.) Trace 

Phenols  (carbolic  acid  according  to  Seubert) No  separation 

• 

To  accomplish  the  treatment  the  contractor  erected  a  plant  coEuIsting  of 
an  old  boiler  shell  with  upper  ehd  open  and  set  in  a  brick  oven  in  such  a  man- 
ner as  to  permit  fire  reaching  the  bottom  and  considerably  up  the  sides.  An 
arrangement  was  made  on  the  side  of  the  boiler  for  taking  temperatures,  which 
were  kept  reasonably  well  within  the  prescribed  limits.  An  A  frame  arrange- 
ment was  erected  over  the  tank  and  a  single-drum  hoisting  engine  used  to 
hoist  the  lumber  to  be  treated.  A  sufficient  depth  of  oil  was  maintained  to 
give  the  desired  length  of  treatment  to  each  piece,  the  pieces  being  lowered 
into  the  treating  basin  end  first. 

The  following  cost  includes  picking  the  lumber  up  from  storage  piles  noar 
the  treating  plant,  treating  it.  and  piling  it  nearby  after  treatment. 

Treated  portion  of  pieces  ft.  B.  M 144.222 

Treated  portion  of  pieces  sq.  ft.  surface  area 107,084 

Cost  of  treatment — Labor,  $1,227.57;  equipment  service,  $66.66;  material. 
$1,130.20. 

Cost  of  treatment  per  100  sq.  ft.  $1.14;  equipment  aervioe,  $0.06;  matsrial. 
$1.05. 

Cost  of  treatment  per  1,000  ft.  B.  M. — ^Labor.  $8.51;  equipment  •erriM, 
$0.4G;  material,  $7.88. 


A  total  of  1,196  gals,  of  carbolineum  was  used..  This  amounts  to  approxi- 
mately 1 1 ,300  lbs. ,  being  slightly  less  than  1  lb.  per  cubic  foot  of  hnnbeir  txeated. 
Tiie  cost  of  this  amount  of  material  was,  as  given  above.  91.186.20.  Some 
difficulty  was  experienced  in  keeping  the  shorter  lengtha  of  lumber  fanmened, 
due  to  its  floating  up  in  the  liquid. 

Cost  and  Serviceability  of  Wood  Fence  Poets  on  Railwazey — Borne  discus- 
sion of  the  life  and  cost  of  wood  fence  i>osts  based  on  the  esperienoe  of  boidb 
44  American  railways,  are  brought  out  by  report  of  a  special  committee  of 
the  American  Railway  Engineering  Association.  Engineering  and  Contract- 
ing, March  19,  1913,  sunmiarizes  part  of  this  report,  aslollowa: 
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Fign.  G  and  IS.  show  types  of  board  fences  buUt  under  the  superrUia  d 
John  H.  Gardinier  of  Lake  Cbsrles,  La.  Filrlr  doas  cost  recorda  mm  kept 
exCF[itii«  for  eaU«,  tlie  labor  cost  for  wbich  vai  included  in  the  piadiK  d 
boardg.  In  the  cornd  fence  tbeie  -were  two  ^tt.  gatea  and  In  tbe  town  tern 
two  12-ft,  and  two  8-ft.  and  one  4-ft.  gates. 

Tbe  hoiea  for  the  jtoata  wprp  dug  with  a  &4n.  post  hole  dlgser.  the  eround  n* 
mol^C  and  wonid  liavv  been  fairly  easy  digging  If  It  had  not  been  for  ths  mns- 
eroiiB  amall  ronts  pncoiintered  for  the  first  foot  under  the  narlaoe,  u  ttM 
fences  were  built  in  the  pine  woods.  The  poata  tor  the  corral  fence  were  Kl 
by  contract  at  l.-i  cts.  apleo-,  coBtlng  tbe  aame  aa  for  the  town  fence  by  dv 
labor.  Rul  the  three  men  by  contract  made  t3  a  day.  The  only  dl 
in  price  nf  having  the  pOBtH  xet  by  contract  and  day  labor  waa  that  the  pi 
set  by  the  day  men  were  a  little  mare  carefully  set. 


Boards  piAteil  by  Jay  labor;  One  man.  at  S3.S0i  3  men  at  S3.00  awh. 
Iteiuied  Cobt  or  Tows  Twsam 

1170  poatB,  4-in.  X  ft-in-  X  Mt.,  0  120  ft.  B.  M.  at  S1*.7S tlM  U 

Lombcr,  1-ia.  X  «-in.  X  14-ft.,  H.^SOft.  a  U.attlSJIO 177  71 

2.W  ll«.  naib  at  Kl.20 5.M 

Ubo?  "iV'wV^nniK.'.V.*.  '.['.'.\'.\'.'.'. 

t-at "( toISf.!?!'.!"".''.','.*.*." ; 

Total  nist 

Poxis  xPi  hy  ilay  IhIhit;  One  msn,  at  12.60:  S  men  at  ll.TS  aaA. 
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borne  in  mind  that  this  item  is  constantly  increasing  with  every  new  road 
which  is  being  built. 

Assuming  that  the  above  figure  of  6  cts.  per  foot  i>er  year  Is  correct  for  tbfs 
annual  cost  of  such  guard-rail,  $1.25  per  foot  could  be  expended  in  eliminating 
this  guard-rail  and  the  cost  to  the  State  eventually  would  be  less.  If  some 
form  of  concrete  or  pipe  rail  or  even  the  guard-rail  with  concrete  posts  could 
be  substituted  for  the  present  standard  form  of  guard-rail,  the  »^nnimi  cost 
of  this  item  could  be  materially  lessened. 

During  1910  experimental  work  was  carried  on  under  the  direction  of  Frulc 
\V.  Bristow,  Superintendent  of  Repairs  in  Division  6,  and  John  Y.  McClintock, 
county  engineer,  Monroe  County,  with  a  view  to  devising  some  form  of  guard- 
rail to  take  the  place  of  the  standard  wooden  type.  With  this  end  In  view 
1,233  lin.  ft.  of  steel-concrete  guard-rail,  with  necessary  steel-concrete  posts, 
were  constructed.    The  cost  of  manufacture  was  as  follows: 

F« 
lin.ft 

Lumber $82.46  $0,026 

Steel 139. 64  0. 114 

Cement 57.62  O.OM 

Gravel. 10. 00  O.O08 

Metal  cores 77.00  0.063 

Labor 231.88  0.188 

Miscellaneous 5. 35  O.OOi 

$553.90  $0,449 

The  engineer  in  charge  of  this  work  estimated  the  following  as  the  fair  cost 

when  making  not  less  than  128  lin.  ft.  of  rail  and  16  posts  per  day,  with  metil 

cores  and  wooden  forms  already  paid  for: 

Per  lin.  ft 

indudiiif 

rail  and  ont 

peat   for 

eaehSft 

Foreman $0.  OS 

Steel .08 

Cement .05 

Gravel .01 

Labor .00 

Tools,  etc .01 

Total $0.27 

For  this  guard-rail  the  bars  were  made  8  ft.  long,  except  end  ban,  which 
were  HH  ft.  long.  They  were  9  ins.  wide  by  7  ins.  high,  and  were  cored  out 
from  below  to  leave  concrete  2  ins.  thick,  and  3  cross  diaphragms  oonnectlng 
the  Hides  and  top,  placed  one  at  center  and  one  4  ins.  back  from  each  end. 
I'he  sto(>l  reinforcement  consisted  of  4  bars  9^ -in.  square  placed  horlaontalit 
each  corner,  and  a  loop  of  same  size  at  and  in  each  diaphragm.  It  vtf 
expected  to  sustain  without  breaking  6  tons  pressure  concentrated  at  center. 
acting'  either  vertically  or  horizontally.  The  bars  rested  on  top  of  the  poiU 
without  any  fastening,  while  the  sides  and  diaphragms  formed  sockets  Indoe- 
in^  th  ^  head  of  the  posts,  which  prevented  their  being  shoved  off  either  aide- 
ways  or  endways,  and  the  weight  of  the  bar,  about  300  lbs.,  held  It  firmly  on 
the  posts. 

The  i)C)st.s  were  GH  ft-  long  by  5  ins.  by  7  ins.  square,  with  four  M-in.  sqaan 
bars,  one  in  each  corner.  The  posts  were  set  3H  ft.  in  the  ground,  maUnf 
the  finished  guard-rail  3  ft.  2  ins.  high. 
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B.  Mr.  Neal  doubts  very  much  if  this  amount  of  depreciation  would  have 
)red  the  cost  during  the  past  6  or  8  years,  owing  to  the  changes  in  gravel 
3ifications  which  have  necessitated  rebuilding  the  plants.  As  a  result  of 
ring  over  several  plants,  their  costs  and  their  capacities,  Mr.  Neal  believes 

.t  it  takes  an  average  plant  investment  of  at  least  20  cts.  per  ton  of  yearly 

tput.    In  other  words,  a  plant  which  will  produce  100,000  tons  of  cominer- 

il  material  could  be  be  erected  and  made  ready  for  business  with  a  idaol 

vestment  of  less  than  $20,000.    On  the  basis  of  15  per  cent  depreciation  this 

ould  mean  a  cost  of  3  cts.  per  ton  for  gravel  produced. 

The  item  "  depletion  of  gravel  deposit "  is  figured  on  the  basis  of  there  being 
^,000  tons  of  gravel  per  acre. 

Coat  of  Operating  Gravel  Washing  Plant  at  Wayne  Cotinty,  Michigan^ — 
Engineering  and  Contracting,  Dec.  3,  1019,  gives  the  following: 

A  washing  plant  with  a  capacity  of  200  cu.  yds.  per  day  was  erected  at  the 
gravel  pit,  leased  by  the  County  Road  Commissioners  to  furnish  material  for 
two  concrete  roads.  The  entrance  was  graded  and  an  industrial  railway  laid 
right  up  to  the  chutes  from  the  washing  plant  bins. 

The  location  of  the  pit  was  central  to  the  roads  being  built,  thereby  shorten- 
ing the  haul  about  H  mile  over  the  distance  from  the  railroad  siding  If  com- 
mercial material  had  been  used.  The  lay-out  of  the  gravel  pit  was  such  that 
it  was  much  cheaper  to  arrange  a  yard  at  the  pit  than  it  would  have  been  to 
unload  from  railroad  cars. 

A  small  stream  fed  by  local  springs  furnished  an  abundant  supply  of  water, 
which  was  pumped  1,000  ft.  through  two  lines  of  3-in.  pipe  to  the  waahlng 
plant  by  electric  motor.  A  single  line  of  4-in.  pipe  would  have  been  sufficient, 
but  two  3-in.  lines  were  used  because  this  pipe  was  in  stock.  The  plant  was 
operated  by  a  small  electric  motor,  making  it  comparatively  simple  In 
operation. 

The  cost  of  operation,  exclusive  of  interest  and  depreciation,  according  to 
the  last  annual  report  of  the  Commissioners  was  approximately  as  follows: 

Total 
per    day 

4  teams  loading  hopper  at  $8 $32 .  00 

2  scraper  holders  at  $5 10. 00 

1  foreman  at  $6.50 6. 60 

1  operator  at  $6 6. 00 

2  car  loaders  at  $5 10. 00 

Motor  rental  at  $1.50 1 .  50 

Electric  current  estimated 10. 00 

Total  (200  cu.  yds.  at  38  cts) $76.00 

On  the  basis  of  an  average  daily  output  of  200  cu.  yds.  the  cost  amounts  to 
38  cts.  per  cubic  yard,  plus  15  cts.  for  the  cost  of  the  material  in  the  pit,  making 
a  total  of  63  cts.  per  cubic  yard  for  the  material  loaded  in  the  industrial  can 
ready  to  haul.  It  will  be  noted  in  the  above  cost  that  the  largest  item  is  tlie 
teams  loading  the  hopper  which  feeds  the  belt.  This  item  could  have  been 
reduced  by  the  installation  of  a  drag  line  bucket  and  hoisting  engine,  but  owing 
to  the  short  nm  which  this  plant  had  it  was  not  considered  advisable  to  invest 
in  so  large  an  equipment. 

The  plant  cost  approximately  $7,200  erected,  and  supplied  about  10,000 
cu.  yds.  of  material,  from  the  pit.  It  is  expected  to  operate  the  plant  neact 
'"^ar  for  furnishing  gravel  and  sand  for  maintenance  work. 
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Cost 

Provision  Quantity        Unit  Total 

Pork  sausage 6  cans     $0. 225  $1 . 35 

Beefsteak  and  onions 1  can  .  325  .  325 

Corned  beef  hash 7  cans  .  185  1 .  295 

Compressed  ham 2  cans  .26  .52 

Beef  stew 2  cans  .  28  .  56 

Corned  beef 2  cans  .  275  .  55 

Mock  turtle  soup 2  cans  .27  .54 

Baoon 4  lbs.  .20  .80 

Flour 17  lbs.  .0405  .69 

Corn  meal 5  lbs.  .  095  .  475 

Rolled  outs 5  lbs.  ,  155  .775 

Crackers,  soda 4  lbs.  .14  .56 

Bread.  Boston  brown 4  cans  .13  .52 

Pork  and  beans 2  cans  .18  .36 

Corn 4  cans  .165  .66 

Succotash 4  cans  .18  .72 

Potatoes 15  lbs.  .  0235  .  355 

Onions 5  lbs.  .  0295  .  15 

Peaches,  evaporated 2  lbs.  .  145  .29 

Apples,  evaporated 2  lbs.  .17  .34 

Prunes 2  lbs.  .105  .21 

Jam,  bluckb(!rry 4  cans  .15  .60 

Jam,  strawberry 2  cans  .15  .30 

Coffee 3H  lbs.  .27  .945 

Tea,  Early  Breakfast M  lb.  .40  .135 

SuRar,  granuluted 10  lbs.  .079  .79 

Croam,  Highland  eon 8  cans  .11  .88 

Lard 5  lbs.  .16  .80 

Baking  powder 1  lb.  1.07  1.07 

Pickles 1  qt.  .425  .425 

Vinegar 1  qt.  .  065  .  065 

Mustard,  Trench H  bot.  .  205  .07 

Salt Hbot.  .18  .06 

Pepper H  box  .60  .20 

Tomato  catsup 2  pts.  .  375  .75 

Total $18.60 

The  above  rations  were  for  one  American  for  30  days,  and  were  ample  for 
the  time.  In  most  localities  it  was  possible  to  supplement  this  fare  with 
chickens,  eggs,  fish,  shrimps,  crabs,  frogs,  and  various  native  vegetables  and 
fruits. 

For  Filipino  "surveymen"  the  ration  was  three  condensed  milk  cans  full 
of  rici>  ])er  day  with  an  occasional  can  of  salmon  when  fresh  fish  could  not  be 
obtained. 

Cost  of  Reforesting,  Wachusett  Reservoir,  Boston,  Mass. — The  following 
matter  is  taken  from  an  abstract  (Engineering  and  Contracting,  March  23, 
1010)  of  a  pui>er  by  p].  R.  B.  Allardice  published  in  the  Jour.  Assoc.  Eng. 
Soc, Jan.  1910. 

An  outline  of  the  general  policy  adopted  in  the  reforestation  of  the  marginal 
lands  of  t  he  Waclmsett  Reservoir,  comprising  as  they  did  1,090  acres  of  arable. 
pasture  and  light  si)rout  land,  280  acres  of  thick  sprouts  and  young,  tliin 
timber  land  and  1,475  acres  of  heavy  timber  or  forest  land,  was  as  follo^'s: 
1st,  to  establish  two  forest  nurseries,  one  on  each  side  of  the  reservoir,  for  the 
raising  from  seed  of  coniferous  trees,  mostly  native  white  pines,  to  form  the  ulti- 
mate^ or  final  forest,  and  of  deciduous  trees  to  act  as  fillers  and  aid  in  the 
final  development  of  the  conifers;  2d,  to  plant  all  of  the  first  mentioned  dass 
of  land  with  a  mixture  of  white  pines  and  hardwoods;  3d,  to  underplant  the 
second  class  with  white  i)ines,  making  what  are  hereafter  termeil  "Improve- 
ment Thinnings  in  Young  Pine  Stands,"  as  the  growth  of  the  pines  demanded: 
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is  4  ft.  .in  length.     The  gage  of  the  track  is  30  ins.     On  the  outside  of  tb 

rders  the  ties  are  bolted  to  4  X  4-in.  timbers  placed  snugly  against  th 

irders.     These  timbers  prevent  any  shifting  of  the  track  at  right  angles  t( 

he  length  of  the  trestles.     To  prevent  the  ties  from  creeping  they  wer 

ittached  at  intervals,  by  hooked  bolts,  to  the  small  angles  inside  of  the  girders 

Since  the  tracks  were  completed,  about  two  years  ago,  not  a  cent  has  beei 

spent  on  them.     They  are  now  in  as  good  alignment  as  when  first  put  in. 

Table  X  gives  the  comparative  costs  of  wood  and  steel  trestles,  taking  th( 
life  at  6>2  and  at  20  years. 


Table  X. — Comparative  Costs  of  Wood  and  Stbbl  Stockinq  Tbestlk 

6>2  years           20  years 
Permanent  wood  trestle 

Original  cost,  500  ft.  at  $15 $7,500.00     $     7. 500. 00 

Rof)air8  and  renewals,  10  per  cent  per  year 4,875.00  15.000.00 

Six  per  cent  conipound  interest 4,692.29  30.798.02 

Total $17,067.29     $  53.298.02 

Temporary  wood  trestles — — 

OriRinal  cast,  2,094  ft.  at  $6 $12,564.00  $  12,564.00 

Repairs  and  ronewals,  20  per  cent  per  year 16.333.20  50,256.00 

PIrectinK  and  dismantling  $1. 20  per  foot  per  year.. .  16.333.20  50,256.00 

Six  per  cent  compound  interest 14,063.33  122.822.09 

Total $59,293.73     $235,898.09 

Total  cost  wooden  trestles $76,361 .02     $289, 196. 11 

2,594-ft.  steel   stocking   trestle — — — 

Original  cost $51,228.92     $  51 ,228.9.' 

Estimated  maintenance  cost 1 ,300.00  4  ,000.0 

Six  per  cent  compound  interest 23.949.51        116,867.7 


Total $76,478.43     $172,096.' 

Net  saving  of  steel  trestle 117.41        117,099. 


Cost  of  Cantilever  Type  of  Reinforced  Concrete  Retaining  WalL — ^Engii 
iiig  and  Contracting,  March  22,  1911,  gives  the  following  costs  of  a  reta' 
wall  some  1(>  ft.  deep  and  250  ft.  long  built  under  contract  for  the  Saco- 
(;o.  at  Newton  Ui)per  Falls,  Mass.     The  two  types  of  retaining  wall  sho 
Vig.  9  were  considered  by  the  engineers  Lockwood,  Greene  A  Co.  wh< 
mated  a  saving  of  some  $700  by  using  the  ccuitilever  type  with  an  esti 
cost  of  $8,542.50.    This  type  of  wall  was  therefore  built  by  contract. 

The  gravel  and  sand,  which  were  of  excellent  quality,  where  hauled 
bank  about  one-half  mile  from  the  site  of  the  work.    Because  of  th 
{>erceiitage  of  sand  in  the  gravel,  it  was  necessary  to  screen  all  of  th€ 
which  resulted  in  a  rather  higli  cost  for  this  material  of  $1.70  per  cu.  y< 
number  of  yards  of  concrete  placed  is  based  on  the  actual  number  of 
cement  used,  the  tigure  obtained  being  slightly  greater  than  that  fig 
the  wall  itself,  because  of  excess  concrete  placed  in  the  footings  over  ai 
the  actual  cross  sections.     This  yardage  was  allowed  as  foUows:  Act' 
of  wall,  272.27;  bags  of  cement  used,  1,525;  yards  concrete,  based  o 
used,  277.27. 
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cublo  yanl,  plus  2H  eta.  per  pound  for  the  sleel  reinforcement,  Ot  a  total  of 
f;fl,47fl.00.  The  commct  was  awarded  tor  reinforced  walls.  The  total  hid 
(nr  (-onstrudiiis  thp  plain  concrete  wall  was  thus  4S  per  cent  more  thu 
for  the  reinforced  wall. 

Conaiderltii;  17  of  the  bids  received  for  both  typea  ol  wall,  the  average  piice 
for  plain  concrete  was  86.117  per  cubic  yard,  while  the  average  prices  forlbe 
reinforced  type  were  (7.456  per  cubic  yard  for  concrete  and  2.77  eta.  perpouoi 
fur  reinforced  steel.  The  averaee  bid  for  constructing  the  plain  concrete  wall 
wa.H  thus  about  32  per  cent  more  than  for  the  reinforced  wall,  although  0" 


ivertumjng  and  at  to 
n  the  reinforced  wall. 
It  had  been  the  same  in  both  waJIs  the  diflerence 
It  of  tlie  rcliifOTCed  concrete  type  would  have  been  at  leaBt7pet 

nfoiced  Concrete  Retaimng  Wall  with  Raai  Anchoraie.— R.  A. 

till-  rollowlng  Costa  in  Engioeeriug  uid  Contracting,  Hay  SO. 
iructiiig  9UU  ft.  of  retahiing  wall  of  the  type  Illustrated  hi  Fig.  10. 
ui  built  around  an  Island  a,bout  10  ft.  from  the  bank.  The  waoe 
ank  and  uull  was  afterwards  Oiled  up  with  dirt  taken  out  ot  tlv 
«  ft  troni  tlH'  face  of  the  wall.  Normally  the  water  in  the  lake 
IK.  l)elow  (be  lop  of  the  wall,  but  to  do  this  work  the  lake  im 

until  it  left  a  beach  in  from  of  the  w^  about  200  ft.  wide. 
'alls  were  built  two  openings  10  ft.  wide  were  l^t  In  each  bbcUoii 
n  could  be  hauled  through.    The  backfill  waa  a  Mndy  day  and 
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Comparative  Tests  of  Applying  Paint  by  Sprajring  Machines  and  by  Hand. — 
The  following  data  are  taken  from  Engineering  and  Contracting,  Feb.  25, 
1920. 

The  information  which  appeared  in  Paint,  Oil  and  Drug  Review  was  ob- 
tained from  a  private  source  and  is  considered  as  fair  and  accurate  as  any 
individual  statement  can  be.  Everything  possible  was  done  to  make  the 
test  thorough  and  indicative  of  the  results  that  are  to  be  expected  from  spray- 
making  machines.     The  tests  were  made  in  government  buildings. 

The  machines  used  at  the  United  States  Naval  Hospital,  Sept.  17,  1919. 
consisted  of  a  4  h.p.  motor  with  a  large  air  tank  and  a  5-gal.  paint  tank.  The 
apparatus  operated  with  a  220-volt  direct  current. 

An  experienced  spray  brush  operator  started  the  spray  on  one  side  of  the 
building,  and  two  experienced  joumejrmen  painters  with  4>^-in.  brushes 
started  on  the  other  side  of  the  building,  which  was  an  exact  duplicate  in  shape, 
size  and  form  of  the  side  selected  for  the  spray  tests.  After  the  cylindrical 
end  of  the  building  was  completed,  which  was  about  one-fifth  of  the  area  of  the 
whole  building,  a  painter  entirely  unfamiliar  with  the  use  of  the  spray  gun  was 
shown  how  to  operate  it,  and  he  completed  the  tests,  including  all  walls  and 
roof  area.  In  this  connection,  it  is  apparent  that  a  very  short  period  of  time 
is  required  to  instruct  a  man  unfamiliar  with  the  use  of  the  spray  gun  with  its 
working.    Following  is  a  summary  of  the  data  obtained  from  the  tests. 

Wall  Tests  (Exteriob) 

Area  of  Paint  Time,  Spreading     Time  to 

surface,  used,  1  man,      rate  per    coat  100  sq. 

Method  of  Application  sq.  ft.  gal.  hours  gal.,  sq.  ft.     ft.,  min. 

First  coat: 

Machine 4,182  6.5  9H  570  13.5 

Brush 4.094  5.97  20  648  29.0 

Second  coat: 

Machine 4,182  4.3  lOH  863  15.0 

Brush 4,094  3.9  21  992  30.7 

In  addition  to  the  wall  tests,  data  were  obtained  on  the  coating  of  a  large 
area  of  the  roof  with  the  paint  spray  machine.  Nearly  9,000  sq.  ft.  of  area 
was  coated  with  22  >2  gals,  of  paint  in  14  hours  by  one  man.  This  included  the 
time  of  mixing  the  paint,  placing  it  in  the  containers,  raising  the  machine  to 
the  roof,  etc.  It  should  be  noted  that  the  average  journeyman  painter,  work- 
ing on  wall  work,  will  do  about  200  sq.  ft.  an  hour  and  about  250  sq.  ft.  an  hour 
on  roof  work.  It  will  be  seen  from  the  preceding  table  that  the  journeyman 
painters  apparently  speeded  up  their  hand  brush  work,  as  they  were  very 
much  interested  in  the  test,  and  they  accordingly  made  very  much  higher 
averages  than  the  figures  just  given.    The  results  for  the  roof  test  follow: 

Time  re- 
quired to 
Area  of      Paint        Time,     Spreading  coat  100  sq. 
surface,      used,       1  man,      rate  per  ft.. 

Method  of  Application  sq.  ft.         gals.         hours      gal.,  sq.  ft.       min. 

Machine 578         1.49  H  386  5.2 

Brush 578         1.35  IH  428  15.5 

The  paint  used  on  the  work  was  a  white  lead  paint,  the  materials  for  which 
were  furnished  by  the  Government  and  mixed  by  the  men.  It  was  tinted  with 
ochre.  The  first  coat  weighed  17.6  lbs.  per  gallon  and  the  second  coat,  20  Ibe. 
l^oth  of  these  paints  were  easily  handled  by  the  spray  gun.    From  observa- 
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Carpenter   and    masonry    work. 

church,  mat  of 1509 

Carpenter   and    masonry    work, 
estimating  unit  hour  baaia 

for     ■  -    1575 

frame  residence,  coat  of ... .    1574 

Cast  iron  pipe  prices 77  to  83 

hfe  of   378 

water  mains,  cost  of  construct- 
ing bv  day  labor     393 

coot  of  laying  Ui  miles 392 

laying  in  Chicago 389 

Caulking,  hand  and  pneumatic, 

efficiency  of 402 

Cement  bags,  cost  of 214 

bags,  cost  of  cleaning 214 

gun,    cost    of    repointing    sea 

wall 1464 

Charges,    engineering    services, 

Hchcrlule  of 1616 

fixwi  plant 1660 

f'hlorint!  tests  for  water  treat- 

niout   433,  436 

C*istcrns,     reinforced     concrete, 

crjst  of 267 

underground  concrete,  cost  of     269 
hours  of  labor  re<iuired  on  con- 
crete       273 

Cleaning  water  mains,  cost  of. .     425 
weeds  and  grass  from  track, 

cost  of 1233 

Coagulation,  costs  of 439 

('ofTerdnrii  for  small  bridge  pier, 

cost  of   1133 

C-ofTfrdaiiiH,  cost  of 1675 

Ht<;fl,  pocket  typo,  cost  of .  . .  .    1680 
weight  of  steel  sheetings  for 

round  or  box 1 109 

C-olumns,    concrete,    economics 

of 1561 

Commissary      supplies      on      a 

C-anudinn  survey 1703 

CoiiiiiKxiities,     wholesale    price 

i  ndex  of 3G,  59,  <(4,  6o 

( 'oinitrcHWHl  air,  placing  concrete 

in  wall  and  dam  by 220 

Concn'to  a'lueduct,  cost  of  sec- 
tions      369 

block,  manufacturing  cost  of.  1611 
bridge,  arch,  single  track,  cost 

of  constructing 1160 

bridges.  Hlub,  through  girder, 

dock  girdor,  economy  of.    1071 
))uildiiig.  itfMUM  making  up  cost 

of   1546 

car  lidiiso  and  substation,  cost 

of   1549 

(•(instruction 208 

ruble  yards  por  foot  of  dam . .  242 
(l('liv(>ro<l  wot  in  road  job.  .  .  .  983 
deposit ing  in  bags  under  water  22.5 
floors,  cost  of  resurfacing .  .  .  .  1588 
heating  in  niix<>r  drum  with  oil 

burner 215 

liouH(>,  cost  of  stucco  finish  for  1560 
tiiix(>r,  operating  cost  reduced 

with  electric  motor 218 

mixing  and  placing  by   hand, 

cost  of 15.')6 

piles,  cost  of  cutting  off.  .     .  .    1509 


Concrete  pUe*«  premoulded,  coit 

of  milking  ftnd  ankins 1507 

placins  by  comwoaed  mir 220 

Concrete,  iMacinc  by  comprcHcd 
air.  inatallins  equipment  for, 

coetof 1&56 

reservoir,  cost  of 20 

roof  tile,  cost  of  manufactnr* 

inc 1610 

standpipea,  cost  of 300 

surfaoea,  finiahing  bv  ▼nrions 

methoda.  coat  of 231 

viaduct,  coet  of 1060 

void    percentaces    in    eowrw 
•CKresAte.  detcrmimnc. . 

watertower,  cost  of 

wear  of  pipe  and  conveyora  for    8M 
work  on  three  small   tanks, 

cost  of 1071 

Concreting   a    swimming    pooL 

coet  of 1066 

winter,  additional  cost  of. ...    210 
Conduit,  water,  economic  loor 

tion  of 516 

Construction,  building 1310 

camps,  ration  list  for 1701 

concrete 306 

Contract  work,  cost  estimating 

for 12 

Contractors  fees,  on  government 

work,  schedule  of 1001 

Conveyors,    pipe    and    trouji^ 
wear  of  for  concrete  map 

terials,. 234 

Copper,  jpnces  of 04 

Core  waU,  concrete,  cost  of . . . .    35S 
C<HTosi<m,  iMwenting  by  enea^ 
ing  steel  stmotuies  in  eon* 

Crete 1073 

Cost  and  prices,  definition  of.. .        3 

daU,  usefulnen  of  oU 3 

estimate,  complete 18 

estimating  for  eontimot  work.      18 
estimates,  making  rapid  pre- 
liminary         0 

Cranes,  locomotive,  laying  rail 

with 1300 

Creosote  and  sine  ohloride  for 

eroBsties 1301 

piles,  life  of IfiM 

Creosoted  wood  struotures.  An- 
nual cost  of 108S 

Creosoting  ear  nlla  and  roofing, 

cost  of 1087 

plant,   open  tank,   cmerating 

costof 1080 

Crib  trier  and  breakwater,  eost 

estimates  for 1458 

Crushing  roek,  cost  of 1006 

Culvert,    box,    reinforced    eon- 

orete 1108 

combination  corrugated  pipe 

and  concrete,  eost  of . . . .  1100 
concrete   and   vitrified   pipe^ 

costof Vn  1107 

Culverts  and  highway  bridges, 

eoonomie 10S7 

concrete  arch  and  piplB,  coat 

of ..:?.....  1101 

under  CM|iI|  coal  of 1108 
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Erection  steel  work,  data  on. .    1607 
Equipment,  construction,  rental 

charges  for 132 

life  of,  used  in  building  dam  by 

hydraulic  fill 260 

Estimates,    cost,    making  rapid 

preliminary 6 

crib  pier  and  breakwater  con- 
struction      1458 

brick  work 1568 

dams 242 

Estimating  carpenter  work,  unit 

hour  basis 1575 

costs      of     buildings,      rapid 

methods 1510 

concrete  buildings 1533 

data 1515 

diagrams     for     materials     in 

standard  spans 1020 

Estimating  carpenter  work  fac- 
tors   a    contractor    should 

consider 25 

how  to  estimate  by  the  square  1510 

main  features  of 15 

steel  bridge  quantities,  curves 

for 1031 

water   main   extension   costs, 

table  for 388 

Excavators,     cost    of    straddle 

ditch  excavator's  work ....     625 
dragline  on  ditch  work,  627,  629,  630 
sewer,  cost  of  trenching  with.      665 
templet,  cost  of  ditch  excava- 
tion with 623 

wheel  type,  cost  of  drainage 

ditching 623 

Excavating,     aggregates,     with 

dragline,  cost  of 1695 

and     backfilling     trench     by 

machines,  cost  of 385 

swimming  pool,  cost  of 1667 

Excavation  economics 180 

pick  and  shovel,  rating  table 

for 180 


Fence  posts,  wood,  on  railways, 

cost  and  serviceability 1688 

Fences,   board,   three  types   of, 

costs  of 1689 

Filter  beds,  cost  of  rebuilding.  .     485 

economic  size  of 440 

sand,  cost  of  cleaning 498 

Filters,     operation    for    sewage 

treatment,  cost  of 765 

pressure  type,  operating  costs 

of 461 

required  sizes  in  water  works     322 
Filtration  plant,  cost  estimate  of       23 

plants,  cost  of 

449,  450,  452,  454,  455,  457,  458 
cost   of   concrete   construc- 
tion      481 

constructing 463,  481 

and  operating 441 

operating  costs  of 489 

Finishing   concrete   surfaces  by 

various  methods,  cost  of . . .     232 


Fire  mains,  high  pressure,  con- 
struction costs  of 399 

protection    installations,    in- 
dustrial plants,  cost  of .. .   1601 
percent  of  waterworks  plant 

chargeable  to 340 

service  system,  cost  of  high 

pressure 347 

Fixed  plant  charges 1660 

Floor,  concrete  basement,  labor 

cost  of  laying 1588 

slab,   inexpensive   method   of 

testing  strength 217 

granolithic,  cost  of 1588 

power    house,    concrete   arch 

and  I  beam,  cost  of 1590 

timber,  cost  of  damp-proof. . .   1585 
Floors,    concrete,    cost    of    re- 
surfacing      1588 

balcony,  cost  of 1590 

Flume,  leaky,  cost  of  repairing     562 
trestle  for  irrigation,  cost  of. .     661 
Form  work,  wooden,  cost  of  for 

reservoir 283 

Forms,  movable  wall 230 

reinforced  concrete  constnio- 

tion,  labor  cost  of 226 

sliding,  dengn  and  costs  of, 

grain  storehouse 227 

steel,      reinforced      concrete 

watertower 304 

Formula,  bridge  sjpan 1111 

erection  cost  of  bridge  super- 
structure     1127 

timber  trestle  spans 1116 

Formulas,      steel      roof      truss 

weights 1598 

Foundation,  caisson,  for  build- 
ing    1579 

work,  labor  cost  using  port- 
able plant 223 

Foundations,  dam,  cost  of  grout- 
ing      281 

deep,  relative  costs  of  various 

types 1576 

output  of  steam  pile  drivers 

on 1583 

Frame  houses,  labor  eost  of  con- 
structing      1574 

residence,    cost    of    carpenter 

work 1674 

Freight   cars,    life   and   cost   of 

maintenance 1255 

cars,    natural  and  functionid 

life  of 1258 

handing     wharves,    costs    of 

various  types 1469 

Fuel,  construction  plant,  wood 

and  coal 1720 

G 

Galvanized  sheets,  prices  of . . . .  96 

Garbage,  (/See  Refuse.) 

disposal 809 

Grading  and  tracklaying  with  a 

ditcher U18 

equipment,  rental  charges. . . .  130 

railroad,  cost  of 1185 

street,  with  steam  shovel. ...  807 
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output  of  gang  laying  concrete 
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Pavement,  removing.  co«t  <rf. . .     998 
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Pedestal  concrete  piles,  coat  of. .  1585 
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timber,  coat  of  pile  bents  for.  1491 
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labor  cost  of 1131 

pile,     timber     and     concrete 
decka.     life,      coat      and 

maintenance  of '  lASi 

steamship,  cost  of 1477 

terminal,  cost  of 1473 

Pile  dri>ing,  high  rec^xrda  of     . .   1505 
drivers,  steam,  output  of  on 
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small,    for    puttins     down 

fence  posts 1691 

Piles,  concrete,  cost  of  cuttins 

off 1509 

pedestal,  cost  of 1583 

creosoted,  life  of 1504 
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Steel  and  iron,  cofferdam,  pocket 

type,  cost  of 1680 

reinforcement,     diagram     for 

cost  of  placing 212 

Steelwork,  cost  of  erecting 1608 

data  on  erection  of 1607 

Sterilization    plants,     operating 

cost  of 436 

Stock  piles,  crushed  stone 28 

Storage   dams,    large,    cost   per 

acre-foot 237 

house,  car,  reinforced  concrete 

and  brick,  cost  of 1565 

reinforced  concrete,  cost  of 

constructing 1547 

rcHervoirs,  cost  per  million  cu. 

ft 236 

shed,  eotton,  cost  of 1526 

tanks  or  reservoirs,  economical 

dimensions  of 260 

Street  asphalt,  cost  of 946 

cleaning     by     motor     driven 

squeegees 863 

cost  of 855 

machine  flushers,  cost  of . .  .     864 

practice  in  cities 859 

time    studies,    factors    and 

standards 851 

vacuum  cleaners,  cost  of . . .     864 
dust   prevention    by    calcium 

chloride 877 

flushing  and  scrubbing,  cost  of    874 

cost  of  at  Chicago 728 

costs,  equipment  and  prin- 
ciples developed ....     868 

of  motor  flushers 873 

trolley  flushers 875 

sprinkling,   costs  ^ith  motor 

and  horse  tanks 876 

clearing  and  snow  removal.     851 
treatment,  comparative  costs 
of     bituminous    applica- 
tions and  water  sprinkling    876 
Stroetw,  coat  of  snow  removal,  879,  883 

Striictural  shapes,  prices  of 89 

steel  prices 104 

Structures,  crcosoted  wood,  an- 
nual cost  of 1683 

Stucco  finish  for  concrete  houses, 

cost  of 1560 

Surfacing  and  smoothing  track, 

records  of  work 1233 

Survey,   location   for  short  line 

railroad,  cost  of 1637 

relocation,   \inderground   pipe 

lines,  cost  of 1639 

trianKulation,  cost  of  a 1636 

Surveying,  engineering  and  over- 
head costs 1616 

Surveys,  federal  aid  roads  pro- 
jects, Kansas,  cost  of 1026 

highway,  cost  of 1(530 

isolat('<l  road,  cost  of 1030 

railroad,  cost  of 1036 

extensive,  methods  and  cost  1631 
stadia,      50. 000     acre     flood- 
control  basin,  cost  of . .  .  .    1651 

topographic 1640,  1654 

Swimming  pool,  concreting  and 

excavating,  cost  of..  .    1666-1667 
C)\it-d<)or,  cost  of 10()8 


Tank,  data  on  life  and  cost  of 

steel  and  iron  water 317 

plates,  prices  of 102 

steel  tower 314 

wooden     gravity     sprinlder, 

30,000  gal 314 

life  of  in  railway  service. . .     315 
Tanks,    concrete   storm    water, 

labor  costs  on 277 

work  on  three  small,  cost  oif . .   1671 

settling,  cost  of  cleaning 603 

Tarvia,  macadam,  cost  of 932 

Terminal    iners,    Norfolk,    Vs., 

cost  of. 1472 

Thawing  ground,  steam,  cost  of.    380 
water    mains    and    services, 

methods  and  costs 425 

Ties,  seasoned  and  unseasoned, 

costs  of  treating 1684 

treated,  effect  on  maintenance 

expense 1201 

Tile,     concrete    roof,     cost    of 

manufacturing 1610 

vitrified  sewer,  prices  of 91 

Tin  plate,  prices  of 96 

Top<^raphic  resurvey,  cost  of. .   1648 

surveys 1654 

Topographical  survejrs  and  their 

costs,  methods  ci  making. .  1640 

Tower,  steel,  75  ft.  water 814 

Track,  anchored  and  unan- 
chored,  cost  of  maintain- 
ing    1227 

cleaning  grass  and  weeds  from, 

cost  of 12S3 

elevation  work,  cost  of  con- 
crete     abutments     and 

pedestals 1128 

laying   and    grading    with   a 

ditcher 1218 

lift,  2  in.,  cost  of  making. . . .   1210 
narrow  gage,  cost  of  changing. 

miles  to  standard  gage  1247 
reconstruction,   railway,   cost 

of H72 

values,  equation  of  for  main- 
tenance work 1171 

Tracklaying  with  machine  cost 

of 1212.  1214 

Traction  en^ne,  cost  of  hauling 

stone  with 174 ' 

Tractor     for     snow     removal, 

operating  costs  lot 885 

Trailers  for  use  with  oontraoton' 

motor  trucks 171 

Trench    excavation   and   back- 
filling by  machines,  cost  of.     885 
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sewer 676 

work,  cost  of  thawing  ground 

for 880 

cost  of  hand  drilling  granite    676 
Trenches,       baekfilfing       with 

scraper 886 

Trenchinir   application  of  scien- 
tific    /'lagement  to IM 

average    .     *y  wogrsss  with  , 
,   sewe.       nching  machines    672 


